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+ 1 INTRODUCTION

s IXxEV-DV requirements [1] have set very challenging goals for reverse link packet data
+  performance:

6 = Peak data rate of at least 1.25 Mbit/s in an outdoor, vehicular environment;

7 = Peak data rate of 2 Mbit/s in a stationary, indoor environment;

8 = System-wide average data rates in a fully loaded system of at least 600 kbit/s in
9 an outdoor, vehicular environment.

1 However much of the focus of 1XEV-DV framework proposals to date have been in
12 increasing forward link throughput by adopting many of the concepts previously developed
1 for 1XEV-DO. Specifically, these proposals take advantage of the fact that in packet data
1 applications it is not necessary to provide any rate guarantees to individual users. By instead
15 serving these users at variable rates based on their channel characteristics (described by a
16 parameter fSIR, defined later), forward link sector throughput (sum of rates) can be increased
17 significantly.

19 Even though reverse link is operationally quite different from the forward link, it is possible
20  to similarly increase reverse link sector throughput by supporting variable rate packet data
21 transmission and adjusting user’s data rates based on their channel characteristics (now
22 described by a parameter rSIR, also defined later). Such an approach also better aligns the
23 forward and reverse link rates of a packet data user.

s To effectively support such variable-rate reverse link operation, a per-user rate control
26 mechanism needs to be included in 1XEV-DV. In this contribution, we describe how the
27 reverse link sector throughput can be improved using variable-rate transmission with per-user
s  rate control and discuss alternative ways of adding a per-user rate control channel to the
20 forward link without introducing significant overhead.

30

st 2 INCREASING REVERSE LINK SECTOR THROUGHPUT

32

s Consider a set of N active Mobile Stations (MS’s) who are sharing a packet data channel
| 3 within-in a sector. Let the reverse link transmission rate of the i’th user be Ri, 1 =1, 2,...N,

s where Rj is chosen from a finite set. As an example, in 1XEV-DO Rj's are chosen from the
| s set {9.6,19.2, 38.4, 76.8, 153.6 kbit/s}. We-For simplicity in the analysis that follows, we

a7 assume that active MS’s always have data to transmit.

38

39
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A. INCREASING THROUGHPUT IN THE SINGLE-SECTOR CASE

.
2

3

4 First, consider the case of a single-sector operation; where system performance is examineeﬁ
s in only one sector, paying—ne—attention—toessentially ignoring interference from/to oth
6
7
8
9

sectors. The Base Station (BS) is power controlling the MS’s in such a way that their signals
arrive at the receiver with just enough power S; to achieve a certain Ey/lo. Generalizing the
results given in [2] to the case of variable-rate operation considereded here, it can shown thdt
the data rate R; of the 1’th user is approximately proportional to

1 Ri ¢ Si/(Sintra(i) + Noise),

13 where Sinra-(i) = Zji Sj is the total signal power received from all other MS’s in the sector},
1 and “Noise” represents the total receiver noise power including the effects of receiver noise
15 figure. Next, we write the signal power S; received from the i’th MS as

17 Si= PiAi,

19 where Pjis the transmit power of the i’th MS and A; is the squared reverse link channel gain
20  between the i’th MS and the serving sector.

22 Suppose that initially all MS’s are transmitting at the same data rate R; = Ro producing the
23 same received power S; = So-at the BS receiver. Now, suppose we modify the rate allocatloh
22 such that the data rate R; of the i’th user is set to be proportional to its channel gain A;. At
25 the same time, we modify the transmit powers P; to achieve the desired Eu/lo, while—w

T

28 keeping the total transmit power [i.e., Xi P; ] fixed. It can be shown that as long as the
20 channel gains A;j are not all identical_and the system is fully loaded (such that the “Noise|’
s  term can be ignored), thlS new power and rate allocatlon will always increase the sector
s throughput. # W w

s This example illustrates that by allocating data rates based on the individual reverse link
s channel characteristics (represented by Aj), reverse link sector throughput can be increased.
%  Even higher sector throughputs can be achieved-realized if we were to allow only 1 MS with
a7 the best channel condition to transmit, essentially-thus operating with no interference from
s other MS’s in the same sector. In fact it is known [3] that the optimum throughput-
%  maximizing strategy on a multi-user fading channel is to use a TDMA sys%em—approach
40  where only the user with the best channel condition gets to transmit. Of course, such an
41 approach can be unfair to certain users who remain in poor channel conditions for a lon
2  time. Therefore, in rermalreal operation, one would seek to maximize the sector throughput
4 while satisfying a certain fairness criterion.!

1 This is similar to fairness issues found on the forward link. I

DOCKET

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



https://www.docketalarm.com/

Phoenix, AZ
February 12, 2001 3GPP2-C50-20010212-x%xx011

In the previous subsection, we saw hew-that if we ignore inter-sector interference we can

increase the sector throughput by letting MS’s with good channel characteristics (large Aj)

transmit at a higher data rate relative to MS’s with worse channel characteristics. Taulti-
10 seetor-operation, however,—we—are—also—conecernedIn this subsection, we'll_consider inter-
1 sector -abeutinterference-ereated-to-otherseetors—Next—we_and illustrate how rate allocation
12 on the reverse link can also reduce such interference.

1
2
3
4
s B. REDUCING INTERFERENCE TO OTHER SECTORS
6
7
8
9

14 First, we write the total interference from the i’th MS to all other sectors as P;Bi, where B; is
15 the sum of the squared reverse link channel gains between the i’th MS and all other
s neighboring sectors. Here, P; is again the transmit power of the i’th MS.

| 18 As in the previous section, suppose that initially all MS’s are transmitting at the same bit-data
19 rate Rj = Ro producing the same received power S; = So. Now, suppose we increase the
20 transmit power Pjof an MS with a small value of B and at the same time reduce by the same
21 amount the transmit power of the-an MS with a larger value of Bi-by—the-sameameunt,
22 keeping the total transmit power [i.e., Z; Pi] fixed. It is straightforward to see that this simple
23 modification will always reduce the total interference created to other sectors.

25 This example illustrates that by allocating data rates to MS’s based on their individual
| 2 interference characteristics (represented by Bifip;-), total interference to other sectors can be
27 significantly reduced. As in the previous example, interference can be reduced, possibly
28  dramatically, if we allow only 1 MS with the best interference condition to transmit. Again,
20 in normal operation one would seek to minimize interference while satisfying a certain
s  fairness criterion.
31
2 C. INCREASING THROUGHPUT IN MULTI-SECTOR OPERATION
33
s  In multi-sector operation we try to increase sector throughput while taking into account both
| 35 intraintra-sector and inter-sector interference. In this case, the data rate R; of an MS is
s  approximately proportional to
37
38 Ri o §; /(Sintra(i)+ Sinter + NOiSG),
39
| w0  where Siner isTepresents the interference from adjacent sectors.

1

2 Combining-theearlierresultsBased on the results of the previous two subsections, ene-ean
43 shew-thatthe reverse linksector-throughput-ean-be-inereasedwe now introduce the following
4 ifwe-allocate-the-datarates-based-on-the folowingreverse link SIR parameter:

45

46 rSIR(i) = Ai/Bi.
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This captures the two components of the channel which we used for rate allocationallecatioft
diseussed-earlier: Aj and Bi. By assigning higher-data rates to users based on the channdl
parameter rSIR, ene-can-inerease-thesectorthroughputwe would take into account the effeqt
of Aj in increasing single- sector throughput galn as well as the effect of Bl in reducmg inter-
sector interference-by-conts £ £ . ;r

o o A~ w N

s Of course, the values of rSIR(i) are generally unknown at the serving sector, particularly the
9 component Bj which would have to be measured at other BS's and then somehoy
10 communicated to the serving sector. Luckily, various strategies can be employed to estimat
1 approximate rSIR(i) from a knowledge of fSIR(i) which is the forward link SIR seen by th|
12 1’th MS. Specifically, we define fSIR(i) according to

TC

W

;) fSIR(i) = C/D; 6, |

16 where C; is the squared forward link channel gain between the i’th MS and the serving secto
17 and D% is the sum of the squared forward link channel gains between the i’th MS and all
1e other neighboring sectors.

20 It should be noted that most 1xEV-DV framework proposals include a data rate request
21 capability, similar to the Data Rate Control (DRC) feature found in 1XEV-DO, where the MS
22 reports to the sector its achievable data rate based on its measurement of fSIR(i), or an
23 approximation to it. As a result, the BS already has knowledge of fSIR(i). Now, if the
2+ channel gains in the forward and reverse directions were identical (i.e., A; = C;, Bi ) =

5 (), we would have rSIR(i) = fSIR(i), and the serving sector would also know the values

26 ISIR(1).

28 In reality, both rSIR(i) and fSIR(i) are random quantities that typically depend on path loss,
20 shadow fading and Raleigh fading. Path loss and shadow fading tend to be highly correlated
s in the two directions of transmission, but Raleigh fading is almost completely uncorrelated.
a1 As a result, rSIR(i) and fSIR(i) are rarely the same. However, if we average rSIR(i) and
2 fSIR(i) over a sufficiently long period, they will become strongly correlated. Therefore, we
s believe using an-appropriatelyan averaged version of the DRC values received from the Mﬂ,
s  the serving sector can allocate reverse link rates essentially in proportion to the forward link
s throughput alleeated-given to each MS. Simulation results provided in Section 4 show thait
s very significant gains can be achieved using this approach.

s 3 POSSIBLE WAYS OF ADDING A PER-USER RATE CONTROL CHANNEL
39

40  1xEV-DO uses RateLimit messages and RAB (Reverse Activity Bit) to control the reverse
4 link rate. However, RAB is a probabilistic global control mechanism that cannot be used f
42  per-user rate control. Alternatively, the BS can use RateLimit messages to control th
4 maximum allowed reverse link rate of each MS. However, these messages carry significanjt
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