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1 Introduction
In RAN1#68, SRS power control and other design aspects were discussed. The main motivation of companies supporting SRS power control enhancement is to enable NW to perform sounding not at the reception points (RPs) of PUSCH but also at the other nodes. The conclusion of the last meeting was [1]:


Continue discussion until next meeting. Consider the issues such as

· Support of separation of DL and UL association points

· Relation to the PUCCH/PUSCH PC, especially for scenario 4

· Scenarios where CRS is transmitted in an SFN fashion

In this document, possible enhancements of SRS power control are discussed.
2 Rel.10 SRS power control
The transmit power of SRS in Rel.10 is given by
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 is the configured UE transmit power defined in [2] in subframe i, 
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 is a 4-bit parameter semi-statically configured by higher layers where different values can be configured to periodic-SRS (P-SRS) and aperiodic-SRS (A-SRS) respectively, 
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 is the bandwidth of SRS expressed in number of resource blocks, and 
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 is the current PUSCH power control adjustment state. 
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 is the higher layer configured parameter of PUSCH for the UE and 
[image: image7.wmf]c

a

 is the pathloss compensation factor.
The reason of re-using PUSCH transmit power control parameters 
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 is that the SRS is intended to be used for PUSCH MCS/scheduling. Therefore, the semi-static offset of SRS is the only parameter configured independently from PUSCH related parameters.
3 Rel.11 SRS power control

3.1 Requirements of SRS in Rel.11
In Rel.11, CoMP operations are supported for both DL and UL. In order to achieve large CoMP gain, appropriate selection of DL transmission points (TPs) and UL reception points (RPs) are necessary with taking into account the channel condition between each node and UE. It should be noted that the DL TPs and UL RPs are not necessarily identical; in general, these can be different. Figure 1 illustrates a CoMP system where four nodes are included in the CoMP set. For the CoMP operation, the NW chooses DL TPs and UL RPs from them by RSRP report , CSI feedback, and SRS. Among them, SRS is a useful tool to determine TP/RP since it enables the NW to monitor the UE condition directly. On the other hand, SRS should also be used for the purpose of PUSCH MCS/scheduling as in Rel.10. 
Observation: The usage of SRS in Rel.11 would be:
1. not only to provide accurate CSI to the NW to perform MCS/scheduling of PUSCH as in Rel.10,
2. but also useful to determine which nodes could be TPs and/or RPs.
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Fig. 1.  CoMP system with four nodes.
3.2 Issues when using current Rel.10 SRS in Rel.11

The transmit power for PUSCH in CoMP should be controlled to be received by the target RPs. On the other hand, as noted in 3.1, SRS should correctly be measured at candidates of TPs and/or RPs, if SRS is used as the tool for TP/RP selection. The SRS tranmission power for TP/RP selection is larger than PUSCH reception in general. Therefore, the system should have the possibility that SRS coverage is larger than that of PUSCH. Using Rel.10 mechanism, this is somehow possible by configuring larger value for 
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 enough to be received by TP/RP candidates. For instance, configuring P-SRS with lower 
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 (e.g., 0dB) for the purpose of PUSCH MCS/scheduling, while triggering A-SRS with larger 
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 (e.g., 8dB) for the purpose of TP/RP selection fulfil the requirement listed above simultaneously.
However, the UE increases/decreases the SRS transmit power when receiving TPC command adjustment for PUSCH. This causes incorrect power control for SRS for the purpose of TP/RP selection. If the TPC command indicates to reduce PUSCH transmit power, SRS transmit power is also reduced, resulting in insufficient power for sounding at TP/RP candidates. On the other hand, if the TPC command indicates to increase PUSCH transmit power, SRS transmit power is also increased, resulting in excessively high transmit power which may increase the interference to other cells. Although the offset value 
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 can be changed through RRC signalling, it is not feasible to adjust SRS transmit power by RRC signalling against PUSCH transmit power adjustment by the TPC command.
3.3 Possible solution for Rel.11 SRS

In order to use SRS for TP/RP selection while supporting closed-loop power control, one of two following SRS power control should be adopted in Rel.11.
· Option 1: Having an additional closed-loop power control on SRS for sounding purpose at TP/RP candidates

In this option, having two closed-loop power controls is considered; one is for PUSCH power adjustment and the other is for SRS power adjustment. In order to correctly perform MCS/scheduling for PUSCH, another SRS whose transmit power is tied to PUSCH is also necessary. Therefore, possible operation could be:
Two SRS having different closed-loop power control is used. One SRS (SRS1) is used for PUSCH link adaptation, while another (SRS2) is used for sounding at TP/RP candidates. These two transmit powers are independently adjusted by the TPC command.
The TPC commands for (PUSCH+SRS1) and SRS2 needs to be distinguished. One is to have additional field but has overhead. The other is (PUSCH+SRS1) or SRS2 is selected based on type of DCI format. This may has the restriction of the operation. The drawback of the option 1 could be that the NW cannot know the amount of error of TPC command accumulation for SRS2. Regarding PUSCH+SRS1, the accumulation error can be followed/corrected by the NW according to the received signal power of PUSCH+SRS1 and PHR reporting.

· Option 2: Keeping closed-loop power control as in Rel.10, applying an offset to the transmit power in some cases
In this option, the closed-loop power control remains as in Rel.10, and is therefore optimised for UL reception purposes. In order to improve the usability of SRS for TP/RP selection purposes, the method of using different power offsets for different SRS transmissions can be used. This is somehow extending the P-SRS and A-SRS offset capabilities existing in Release 10. 
Since closed-loop power control is kept to a single loop as in Rel.11, the complexity of NW management is not much increased compared to Rel.10. However the specification influence need to be taken into account further.
4 Conclusion
The conclusion of this contribution is as follows:
Observation: The possible usage of SRS in Rel.11 would be:

1. not only to provide accurate CSI to the NW to perform MCS/scheduling of PUSCH as in Rel.10,

2. but also useful  to determine which nodes are appropriate to be TPs and/or RPs.

Issue: Current closed-loop power control of SRS is tied to the power of PUSCH, which results in suboptimum power adjustment of SRS for TP/RP selection.
Proposal: RAN1 should adopt one of following two options for SRS power control enhancement in Rel.11

Option 1: Having an additional closed-loop power control on SRS for sounding purpose at TP/RP candidates, or

Option 2: Keeping closed-loop power control as in Rel.10 but extending the power offset capabilities
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