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1. Introduction
Uplink power control for PUSCH/PUCCH/SRS in CoMP scenarios had been discussed for several meetings. In RAN1#68 meeting, there was conclusion that no power control enhancement would be introduced for PUSCH/PUCCH PC. For SRS PC, considering the application scenario is different from PUSCH/PUCCH, new features can still be studied. From the decision in #68 meeting, the following were taken into count during the email discussion and well discussed:
· 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

We further discuss SRS power control in this contribution based on the current decision and email discussion.
2. SRS PC enchantment for CoMP
In Rel-10, SRS PC is tied to PUSCH PC with the same pathloss, Po and TPC command. SRS power offset is signaled to distinguish different detection requirements of SRS and PUSCH in the same serving cell. In CoMP scenarios, SRS PC should consider more association points, and different requirements are raised for UL and DL measurements.
SRS for UL/DL CoMP measurement

If DPS or JR is operated for uplink in eNB, SRS should be detected in large scale of points in UL cooperative set for reception point’s selection, UL precoding and link adaption. Naturally higher transmit power is needed relative to single-cell case and PUSCH’s, which is likely to be detected in the nearest point. The SRS power control should ensure the detection in the farthest point in UL cooperative/reception set.
For DL CoMP, SRS should provide UL CSI in multiple points to exploit channel reciprocity for the following:
· Management of CoMP measurement set (if CSI-RS based RRM is not defined/configured)
· CSI for DL CoMP transmission, e.g. transmission set management and precoding /IC (especially in TDD system) 
The first bullet requires SRS receive power measurement in CoMP cooperative set, which may cover a number of transmission points. For the second bullet, SRS signal should be detected in multiple points for channel information in CoMP measurement set. In [1], we show that significantly higher transmit power than that of PUSCH should be assigned for SRS based DL measurement when DL and UL CoMP are both applied. The SRS power control should target at least the farthest point in CoMP measurement set.
SRS power control enhancement for different applications
As mentioned, SRS may be configured (periodic) or triggered (aperiodic) to provide CSI for different purposes: UL CSI measurement, DL set management, DL CSI measurement and etc. Considering the SRS resources are also limited in CoMP scenarios, UL and DL measurement should share the same SRS resource as much as possible to make SRS capacity used more efficiently. If different power offsets are needed for UL and DL measurement in the same resource, SRS should be transmitted with the higher power, which can also be used for both types of measurement.
Proposal 1: SRS resource should be reused for UL and DL measurement to improve resource use efficiency.

In Rel-10, link adaptation is one of the primary motivations to couple PUSCH and SRS PC. Since the SRS power offset and bandwidth information is aware in eNB, the MCS of PUSCH can be selected based on SRS taking the transmit power difference into count. In Rel-11, this association should not be broken at least for SRS targeting UL measurement.

In [2][3], it was proposed that independent pathloss measurement (based on CSI-RS) or TPC from PUSCH should be introduced for SRS used for DL measurement. This means that SRS for DL measurement can’t be reused for UL measurement any more. One should notice that completely separate SRS resource for UL measurement and DL measurement will greatly reduce the resource efficiency and the SRS capacity would become a serious problem especially in TDD system. There would also be other issues due to separate design:
· For separate TPC, the step length should be large enough to support large scale of measurement, which makes the TPC design difficult and infeasible in regular scenario. 

· Independent pathloss/TPC will also introduce complex specification effort. 
Hence, the SRS PC should not be decoupled with PUSCH PC regardless of the application scenarios.
Observation: Independent pathloss measurement or TPC would be problematic.
Proposal 2: The SRS PC should be tied to PUSCH PC in different application scenarios. 
As mentioned in [1], enhancement on SRS power offset is a simple and feasible solution to support measurement for UL CoMP and DL CoMP. To achieve transmit power for large-scale measurement of UL/DL CoMP, the SRS power offset should be extended to larger value range. In scenario1/2/3 where the pathloss between serving cell is estimated at UE side, the pathloss difference between serving cell and interested detection cell of SRS can be obtained via SRS receive power estimation in both points. Even in scenarios 4 where CRS is transmitted in an SFN fashion, the pathloss error between estimated pathloss or smallest pathloss and expected pathloss can also be obtained in eNB via UL signal using similar method in [4]. An example is that assuming only the nearest point is used for UL reception and the expected pathloss is the smallest pathloss, the CRS is transmitted from both points with transmit power difference of 
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). The path loss between UE and the two points is defined as 
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. The referenceSignalPower is defined as CRS transmit power of Macro. The path loss error 
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is the difference between estimated pathloss by the current mechanism and expected pathloss, where the expected pathloss is decided by the reception points.
At network side: 
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The SRS power offset can be flexibly configured considering 
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according to the pathloss difference associating with the targeting point of SRS and PUSCH power control. On the other hand, a CoMP UE usually moves very slowly (e.g. v=3km/h) especially in a heterogeneous network. Then the reconfiguration of SRS power offset can easily follow the change of actual pathloss as well as the closed-loop power control of PUSCH. In this case, the accurateness of SRS power control will not be impacted by the transmit power adjustment of PUSCH. 
Proposal 3: Range extension of SRS power offset is sufficient to support large-scale measurement in CoMP scenarios even without enhancement on PUSCH power control.
Multiple SRS power control process
Multiple SRS power control process was discussed via the email but no conclusion has been made by now. In case that the SRS resource is efficiently reused for UL and DL measurement, the motivation of separate process for UL and DL measurement, particularly for periodic SRS, will be greatly reduced. The possible cases which would require multiple processes are:

· Case 1-Measurement needing high Tx power requires low frequent measurement

· Case1-a:SRS tx power for DL larger than UL, but less frequently, particularly in TDD

· Case1-b:UE near to high power point, and there is only UL CoMP and no DL CoMP: SRS tx power for UL larger than DL, but less frequently
· Case 2-DL and UL measurements need different SRS scrambling sequence if UE-specific SRS is introduced
Case 1-a is quite rare in practical TDD and Case 1-b is more possible. However, for both of them, aperiodic SRS can be substitute for SRS transmission with high Tx power. Then interference because of infrequent SRS with high Tx power can be reduced compared with regular transmission by periodic SRS. Case 2 actually is not always necessary since SRS resources can be orthogonal in time/frequency/code domain.

In summary, there is no strong need to have multiple processes at least for periodic SRS. Also, in fact, with different power offsets for periodic and aperiodic SRS, a rude scheme to provide two SRS PC process had been supported in Rel-10. This mechanism for aperiodic SRS can be extended in Rel-11 to support more flexible SRS PC process for different requirements. This can be easily achieved by configuration of different power offsets in different parameter sets of aperiodic SRS and dynamic switching can be realized by DCI format implicit indication.   
Proposal 4: Aperiodic SRS can be triggered to meet different power requirements with independent power offset configuration in each SRS parameter set.
3. Conclusions

In this contribution, we discuss the motivation and solutions for SRS power control enhancement. SRS for different types of measurement in different CoMP scenarios is considered. We summarize our proposals as below:
Proposal 1: SRS resource should be reused for UL and DL measurement to improve resource use efficiency.
Proposal 2: The SRS PC should be tied to PUSCH PC in different application scenarios. 
Proposal 3: Range extension of SRS power offset is sufficient to support large-scale measurement in CoMP scenarios even without enhancement on PUSCH power control.

Proposal 4: Aperiodic SRS can be triggered to meet different power requirements with independent power offset configuration in each SRS parameter set.
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