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1 Introduction

This contribution is a resubmission of [1]. In the context of SI delivery for NR, many companies propose to
reduce the amount of “always-on” broadcast of system information [2]~[11]. The part of system information
which is not always broadcasted (called on demand Sl in the paper) can be delivered to particular UE based on
the UE’s trigger. Several approaches are proposed for how the UE explicitly requests on demand Sl [2]. In the
email discussion triggered in [12] on system information, the rapporteur listed these possible options for
discussion, but no agreement was reached. In this contribution, we first give the generic procedure of on demand
Sl delivery, and then further analyze and compare these approaches in view of the observations in [2] and give
our preference.

2 Discussion

2.1 Generic procedure of on demand Sl delivery

On demand SI delivery mechanism enables the network to send certain part of system information only after
triggered by UE. As a result, the procedure consists of two essential steps at least. The basic procedure is
illustrated in Figure 1.
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Figure 1: generic procedure of on demand Sl delivery

Step 0 is optional and reflects a potential trigger from the network e.g. any indication of some Sl update in any
manner. It however indicates that the trigger at the origin of the on-demand Sl is not necessarily only coming
from the UE itself, but can also be the network.

In Step 1, the UE initiates on demand Sl delivery procedure by sending the SI Request to the NR eNB. In the SI
Request, some information which can help NR eNB to identify the SIBs UE is interested in may be included.
The information may be the indexes of requested SIBs, UE capabilities etc.

Upon receiving the S request, the NR eNB can send the SIBs in the SI Response (Step 2). SI Response can be
dedicated signaling, groupcast (e.g. one UE requests and then the Sl is delivered to a group of UEs via group SI-
RNTI), or non-periodic broadcast.

Proposal 1: RAN2 should adopt the generic procedure in Figure 1 as a starting point for on demand Sl
delivery mechanism study.

In [2], several approaches for on demand Sl delivery with different forms of the generic procedure in Figure 1
(omitting the optional network trigger) are discussed. We evaluate them in the following sections.

2.2 Evaluation criteria

In the email discussion [12], most companies agree that the observations listed in [3] need to be taken into
account when RAN2 designs on demand S| acquisition mechanism.
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Observations from [3]

Observation 1: On-demand Sl delivery will reduce signalling overhead in the network side.

Observation 2: On-demand SI delivery will increase the number of uplink access and can cause uplink
congestion when essential SI changes or when many UEs enter the same cell.

Observation 3: The congestion caused by on-demand Sl delivery can delay other uplink access which might be
more important than SI request

Observation 4: On-demand Sl delivery may delay acquisition of updated system information so that could cause
mismatched configuration between the network and the UE.

Observation 5: On-demand Sl delivery will increase UE batter consumption when UE frequently changes a cell.
Observation 6: The uplink message requesting Sl delivery may need to include some UE capability information.
Thus, the size of the initial uplink message would increase whenever NR introduces a new feature introducing a
new SIB.

The observations can be summarized as following concerns:

» UL congestion: On-demand SI delivery will increase the number of uplink access and can cause uplink
congestion when Sl changes or when many UEs enter the same cell. The congestion caused by on-demand
Sl delivery can delay other uplink access which might be more important than SI request.

»  Delay of system information acquisition: On-demand Sl delivery may delay acquisition of updated
system information leading to potential mismatched configuration between the network and the UE.

»  UE power consumption: On-demand Sl delivery will increase UE power consumption when UE
frequently changes cell.

»  Future Extensibility: The uplink message requesting Sl delivery may need to include some UE capability
information. Thus, the size of the initial uplink message would increase whenever NR introduces a new
feature also introducing a new SIB.

Therefore, we propose:

Proposal 2: The potential on demand Sl acquisition mechanisms can be carefully evaluated with respect to
the following aspects: UL congestion, delay of system information acquisition, UE power consumption and
Future Extensibility.

2.3  Evaluation

In this section, we evaluate the proposed approaches according to the aspects listed in proposal 2. The UL
congestion is evaluated by the number of UL messages of each approach. More UL messages will cause more
UL congestion. Delay of system information acquisition is evaluated by the number of total UL/DL messages
when UE receives the interested system information. In addition, possible RACH collision is also taken into
account as it will increase the delay of Sl acquisition. UE power consumption is evaluated by the number of UL
and DL messages of each approach; we assume UL transmission will consume more power than DL reception.
Future Extensibility is evaluated by ease of introducing new information elements accessible through on
demand SI.

a) lIdlef/inactive UE [2]
For idle/inactive UE, UE can use one of the following approaches to acquire the on demand Sl:

Approach #1 (Figure 2): Request on demand Sl after establishing RRC connection.

In this approach, an idle/inactive UE needs to perform RRC connection establishment/resume procedure to enter
RRC_CONNECTED state first. Then the UE can request the system information by sending Sl request message
to the gNB, with indicator of the interested system information in the request message. gNB sends back the
requested system information to the UE in Sl response message, and then it may release the RRC connection of
the UE.

Different from legacy LTE system, we assume the RRC establishment procedure is optimized in NR by omitting
the following DRB establishment and security activation procedure if the purpose of entering
RRC_CONNECTED state is SI acquisition only.

If preamble collision occurs in the first step, the UE may fail to enter the RRC_CONNECTED state. In this case,
the failed UE needs to restart the whole procedure.
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Figure 2

Approach #2 (Figure 3): Request other system information as part of system access procedure.

In this approach, UE reuses the LTE RACH procedure. In the MSG3, UE sends SI request instead. And the gNB
sends Sl response in MSG4.

Similar to approach#1, approach#2 also has a risk of preamble collision. If collision occurs, UE needs to restart
the whole procedure.

UE gN\B

Preamble
-
< Random Access Response
SI Request >
ST Response
-t

Figure 3

Approach #3 (Figure 4): Request other system information based on preamble transmission associated with
requested information.

In this approach, the network needs to reserve some preambles for on demand Sl acquisition, each reserved
preamble is mapped to a set of system information. And the mapping relationship between preambles and system
information block groups is informed to UE before UE starts the procedure. When UE wants to acquire the
system information, it sends the corresponding preambles to the gNB. Within UE’s UL power limit, UE could
send several (different) preambles in one UL transmission to require system information in more than one group.
Compared with the above two approaches, approach #3 has better performance in some preamble collision cases,
since it performs no contention resolution. For example, if more than one UE send the same preamble on the
same RACH occurrence, as long as at least one is correctly detected by gNB, then all the UEs can receive the Sl
response from the gNB. Hence, collision risk is alleviated in approach#3.
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Approach #4 (Figure 5): Request common system information based on preamble transmission and further
requests other system information.

]
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Figure 5

This approach is the combination of approaches #2 and #3, UE reuses the LTE RACH procedure. UE starts the
procedure by sending the reserved preamble. In random access response, the gNB sends a subset of on demand

Sl (i.e. common on demand SI, FFS what information in common on demand) and UL grant to UE.

only needs the common on demand Sl, the procedure is over. Otherwise, the UE can further send the SI request
according to the UL grant in RAR. And the gNB sends Sl response in MSG4.
In this approach, there is no collision risk for common on demand SI. But for other on demand Sl, there is
collision risk. If collision occurs, UE needs to restart the whole procedure.

Table 1 Comparison of the different approaches (idle UE)

Approach 1 Approach 2 Approach 3 Approach 4
UL congestion 4(60®) 2(®) 1(©©) 1lor2(©)
(Number of UL messages)
Delay of Total 7(®®) 4(®) 2(©0©) 2 0r4(©)
system number of
information | UL/DL
acquisition | messages
before UE
receives
the Sl of
interest
collision Yes(®) Yes(®) NO(©) NO for common
risk on demand SI
Yes for other on
demand SI
(©)
UE power consumption 4/4(B®) 212(®) 1/1(©©) 1/1 or 2/2(©)
(number of UL/DL
messages)
Future Extensibility Extend the SI Extend the SI Reserve more Extend the SI
(ease of introducing new request request preambles request
on demand SI) command(©) command(©) (®) command(©)
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In the four approaches, only approach 1 requires idle/inactive UE to leave idle/inactive state to acquire on
demand SI. From the above table, we can see that approach 1 involves a long procedure and leads to the worst
performance in all the aspects except future extensibility. Hence, we propose:

Proposal 3: It is not mandatory for an idle/inactive UE to leave current state to acquire on demand Sl.

From the above table, we can see that among approaches 2/3/4, approach 3 has the best performance in all the
aspects except future extensibility. The main drawback of approach 3 is it requires reserving some preambles.
This will increase the collision probability of RACH procedure used for other purposes than on demand Sl
acquisition. However, we don't think it is a big problem if we can group the on demand Sl properly and only
reserve several preambles for demand SI acquisition.

Proposal 4: Approach 3 can be supported for idle/inactive UE to acquire on demand Sl.

b) Connected UE

In Connected state, the UE may or may not have an UL grant. If it has an UL grant, it can directly use the
generic procedure of Figure 1 where the Sl request is sent over UL SCH. This provides flexibility in requesting
some specific Sl, similar to approaches 1/2/4 above. As a result, we propose:

Proposal 5: The generic procedure of Figure 1 can be directly used for Connected UEs with an UL grant,
where the Sl request is transmitted on granted resources.

For Connected UE without an UL grant, the UE may use either a scheduling request or the RACH procedure if it
does not have scheduling request resource. These latter aspects are very much based on the legacy LTE though
and we don’t know yet what will exactly be the differences between SR and RACH procedures in NR. However,
a preliminary observation is that approach 3 could be reused as well in that case. Given both approach 3 and the
generic procedure are two steps procedures they have almost the same performance with regard to UL
congestion, delay of system information acquisition, UE power consumption. As a result we suggest capturing
the following as a starting point for Connected UEs without an UL grant:

Proposal 6: Approach 3 can be reused for Connected UEs without UL grant to acquire on demand SI.

3 Conclusion

In this paper, we evaluated the four potential approaches of on demand Sl acquisition presented in [2] and [12].
And give the following proposals:

Proposal 1: RAN2 should adopt the generic procedure in Figure 1 as a starting point for on demand SI
delivery mechanism study.

Proposal 2: The potential on demand Sl acquisition mechanisms can be carefully evaluated with the
following aspects: UL congestion, delay of system information acquisition, UE power consumption and
Future Extensibility.

Proposal 3: It is not mandatory for an idle/inactive UE to leave current state to acquire on demand SI.
Proposal 4: Approach 3 can be supported for idle/inactive UE to acquire on demand SI.

Proposal 5: The generic procedure of Figure 1 can be directly used for Connected UEs with an UL grant,
where the Sl request is transmitted on granted resources.

Proposal 6: Approach 3 can be reused for Connected UEs without UL grant to acquire on demand SI.

4 References

[1] R2-164811 On-demand System Information Delivery Mechanism CATT
[2] R2-163371 System Information Signalling Design in NR ~ Samsung

[3] R2-164078 Observations about on-demand Sl delivery mechanism LG
[4] R2-163977 System Information Enhancements for NR Sony

[5] R2-163470 System information in NR CATT

[6] R2-163586 System information for standalone NR deployment Intel

[71 R2-163853 System information handling in NR ETRI

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




