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(57) Abstract: A combined open loop and closed loop (channel quality indicator (CQI)-based) transmit power control (TPC) scheme
with interference mitigation for a long term evolution (LTE) wireless transmit/receive unit (WTRU) is disclosed. The transmit power
of the WTRU is derived based on a target signal-to-interference noise ratio (SINR) and a pathloss value. The pathloss value pertains
to the downlink signal from a serving evolved Node-B (eNodeB) and includes shadowing. An interference and noise value of the
serving eNodeB is included in the transmit power derivation, along with an offset constant value to adjust for downlink (DL) refer-
ence signal power and actual transmit power. A weighting factor is also used based on the availability of CQI feedback.
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[0001] COMBINED OPEN LOOP/CLOSED LOOP (CQI-BASED)
UPLINK TRANSMIT POWER CONTROL WITH
INTERFERENCE MITIGATION FOR E-UTRA

[0002] FIELD OF INVENTION

[0003] The present invention is related to wireless communication systems.
[0004] BACKGROUND

[0005] For the evolved universal terrestrial radio access (E-UTRA) uplink

(UL), there are several transmit power\control (TPC) proposals that were
submitted to third generation partnership project (3GPP) long term evolution
(LTE) Work Group 1 (WG1). These proposals can be generally divided into (slow)
open loop TPC and slow closed loop or channel quality information (CQI)-based
TPC.

[0006] Open loop TPC is based on pathloss measurement and system
parameters where the pathloss measurement is performed at a wireless
transmit/receive unit (WTRU) and the system parameters are provided by an
evolved Node-B (eNodeB).

[0007] Closed loop TPC is typically based on TPC feedback information,
(such as a TPC command), that is periodically sent from the eNodeB where the
feedback information is generally derived using signal-to-interference noise ratio
(SINR) measured at the eNodeB.

[0008] Open loop TPC can compensate for long-term channel variations,
(e.g. pathloss and shadowing), in an effective way, for instance, without the
history of the transmit power. However, open loop TPC typically results in
pathloss measurement errors and transmit power setting errors. On the other
hand, slow closed loop or CQI-based TPC is less sensitive to errors in
measurement and transmit power setting, because it is based on feedback:
signaled from the eNodeB. However, slow closed loop or CQI-based TPC
degrades performance when there is no available feedback due to UL

transmission pause, or pauses in the feedback transmission or channel variations
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are severely dynamic.

[0009] SUMMARY

[0010] For the E-UTRA UL, TPC is considered to compensate for at least
path loss and shadowing and/or to mitigate interference. An enhanced UL TPC
scheme that combines an open loop TPC scheme and a closed loop TPC with
interference mitigation is disclosed. The closed loop TCP is based on CQ], (e.g.,
UL grant information or modulation and coding set (MCS) information). This
enhanced UL TPC scheme can be used for both the UL data and control channels.
Also, this proposed enhanced UL TPC scheme is flexible and adaptive to
dynamic system/link parameters and channel conditions, in order to achieve the
E-UTRA UL requirements.

[0011] Additionally, in order to avoid poor UL channel and CQI estimation
where the channel and CQI estimation is based on the UL reference signal, it is
proposed that the UL TPC for a data channel is performed at a slow rate such as
100 Hz, (i.e., one TPC update per one or two hybrid automatic repeat request
(HARQ) cycle period(s)). For data-associated control signaling, the TPC update
rate may be increased to 1000 Hz, assuming a maximum CQI reporting rate of

once per 1 msec transmission timing interval (TTI).

[0012] BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing summary, as well as the following detailed
description, will be better understood when read with reference to the appended
drawings, wherein:

[0014] Figure 1 shows a wireless communication system including a WTRU
and an eNodeB; and

[0015] Figure 2 shows a flow diagram of a TPC procedure implemented by
the system of Figure 1.
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[0016] DETAILED DESCRIPTION

[0017] When referred to hereafter, the terminology ‘'wireless
transmit/receive unit (WTRU)" includes but is not limited to a user equipment
(UE), a mobile station, a fixed or mobile subscriber unit, a pager, a cellular
telephone, a personal digital assistant (PDA), a computer, or any other tjpe
of user device capable of operating in a wireless environment. When referred to
hereafter, the terminology "evolved Node-B (eNodeB)" includes but is not limited
to a base station, a Node-B, a cell, a site controller, an access point (AP), or any
other type of interfacing device capable of operating in a wireless environment.
[0018] Figure 1 shows a wireless communication system 100 including at
least one WTRU 105 and at least one serving eNodeB 110. The WTRU 105
includes a receiver 115, a transmitter 120, a processor 125 and at least one
antenna 130. The serving eNode-B 110 includes a transmitter 135, a receiver
140, a processor 145, a mapping table 150 and at least one antenna 155. The
WTRU 105 and the eNodeB 110 communicate via a downlink (DL) control
channel 160, a UL shared data channel 165 and a UL control channel 170.
[0019] The processor 145 in the eNodeB 110 performs UL interference over
thermal noise (/oT ) measurements, based on signals received by the receiver 140,
and compares the measured /o7 measurements to a predefined threshold. The
processor 145 also generates an interference load indicator that is broadcast by
the transmitter 135 of the eNodeB 110 on either a regular basis or a trigger
basis. The interference load indicator indicates whether or not the IoT
measurements performed at the eNodeB 110 exceed the predefined threshold.
When the receiver 115 in the WTRU 105 receives and decodes the interference
load indicator, the processor 125 in the WTRU 105 is able to determine the status
of the IoT at the eNodeB 110, which can be used to mitigate inter-cell
interference in the eNodeB 110.

[0020] The WTRU 105 performs open loop TPC based on system

parameters and pathloss measurements while it is located in a particular cell.
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The WTRU 105 relies on the interference load indicator to mitigate inter-cell
interference in the eNodeB 110, which is located in the strongest cell neighboring
the particular cell as compared to other neighboring cells. The strongest cell
refers to a cell to which the WTRU 105 has the highest path gain, (i.e., least path
loss). The WTRU 105 then corrects its open loop based calculated transmit
power, which may be biased due to open loop errors, according to CQI received
via the DL control channel 160 and target SINR, in order to compensate for the
open loop errors.

[0021] It should be noted that the CQI refers to the UL grant information
(or MCS) that the eNodeB 110 signals to the WTRU 105 via the DL control
channel 160 for UL link adaptation. The CQI represents the WTRU specific UL
channel quality which the serving eNodeB 110 feeds back to the WTRU 105 in
the DL control channel 160. In E-UTRA, the CQI is provided in the form of UL
grant information. The target SINR is a WTRU-specific parameter determined
by the eNodeB 110 and signaled to the WTRU 105 via higher layef signaling.
[0022] The WTRU 105 transmit power, Prx, for the UL shared data channel
165 is determined in an initial transmission phase based on a DL reference
signal 175 transmitted by the transmitter 135 of the eNodeB 110. The DL
reference signal 175 has a known transmit power that the WTRU 105 uses for
pathloss measurement. For intra-cell TPC, the WTRU 105 initial transmit
power, Prx, is defined based on open loop TPC as follows:

P,, = max(min(SINR, + PL+IN, +K,P, ), P.. ). Equation (1A)
where SINRT is the target signal-to-interference noise ratio (SINR) in dB at the
serving eNodeB 110, and PL is the pathloss, (i.e., a set point parameter), in dB,
including shadowing, from the serving eNodeB 110 to the WTRU 105. The
WTRU 105 measures the pathloss based on the DL reference signal 175, whose
transmit power is known at the WTRU 105 via DL signaling. The value INo is
the UL interference and noise power in dBm at the serving eNodeB 110. Kis a

power control margin used for the serving eNodeB 110, taking into account the
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