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1. Introduction

Possible enhancements to PUSCH/PUCCH power control (PC) for CoMP scenarios were discussed at the RAN1 #68 meeting. The two main proposals included network-signaled UE-specific adjustment of open/closed loop PC parameters, and CSI-RS based pathloss estimation which targets the desired UL reception point (RP). Due to diverging opinions on what should be specified, or indeed if any enhancement was truly needed, RAN1 decided not to introduce any new features for PUSCH/PUCCH PC [1]. For SRS conflicting objectives could arise because legacy SRS PC targets PUSCH transmission whereas for TDD systems exploiting UL/DL reciprocity it may also be beneficial for SRS to target a non-collocated transmission point (TP) for DL CoMP. The following issues were left to email discussion:

· 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

This contribution considers these outstanding issues and states our preferences on the need for power control enhancements for CoMP. 
2. Discussion
The Rel-10 SRS power control expression for a serving cell c is given by:
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where the pathloss is computed from the RSRP measured on the CRS of the DL serving cell. The SRS PC is tied to PUSCH PC since SRS was primarily designed to enable UL frequency dependent scheduling, and provide measurements for UL power control and timing adjustments. For TDD when the desired UL reception point (RP) is not collocated with the DL transmission point (TP), two identified possibilities for SRS targeting DL CoMP are
1) Option 1: SRS power control is linked to the power control of PUSCH (as in Rel-10) with an increased range of the power offset value PSRS_offset.

2) Option 2: Introduce an additional power control process for DL CoMP in addition to the power control for UL CoMP reception where the additional power control process may or may not be tied to the power control of PUSCH through an offset value.
In general it is desirable that the UE transmit power is based on the pathloss to the intended RP. One possible solution could be configuring the UE to measure pathloss based on CSI-RS. As this was not agreed for PUSCH/PUCCH there is no need to consider it only for SRS – except the decision on PUSCH/PUCCH can be revisited. Hence, if the CRS-based pathloss estimate is significantly larger than the effective pathloss to the intended RP, the transmit power should be reduced so as to mitigate UL interference and also maximize battery life at the UE.

Option 1
This option maintains the same power control operation from Rel-10. SRS power can be set such that SRS is reliably received at both scheduling TP and one or more RPs. The main advantage is that one power control loop is maintained at the UE while the disadvantages include UL noise rise and higher power consumption at the UE. A few observations are:

1) Regarding the UL noise rise it should be noted that periodic SRS is only transmitted at configured intervals and typically in the last symbol of a cell-specific SRS subframe. Therefore it needs to be quantified just how much power consumption per unit time is actually “wasted” by the high power SRS. 
2) If the refreshing rate of SRS targeting DL scheduling is much longer than SRS for UL scheduling it is also possible to configure aperiodic SRS for DL scheduling with a different (larger) PSRS_offset from the value used for periodic SRS.

3) It is not necessary to extend the range of PSRS_offset for het-net scenarios since the Rel-8 range was dimensioned for homogenous macro cell sizes.

Option 2
Configuring independent power control loops affords the network full flexibility in targeting the different use cases for SRS. It ensures efficient power consumption at the UE for SRS and, perhaps more importantly, it mitigates the UL noise rise caused by frequent high power SRS transmissions. On the other hand, it should be clarified which parameters need to be specified for two independent power control loops. Possible specification impact includes:

· The pathloss, alpha, P0_PUSCH, SRS bandwidth may be different. 

· If closed loop TPC is different it is not clear how this would be signaled differently for both SRS targeting PUSCH and SRS targeting DL scheduling.
It was also mentioned during the email discussion that SRS for DL CoMP can be relatively infrequent with respect to SRS targeting PUSCH. In this case it would also useful to quantify the gain, based on system level simulation, of sparse transmission of SRS for DL CoMP. 
3. Conclusion

This contribution compared two classes of solutions for SRS power control and compared the merits/demerits of each option. Our observations are:
· Aperiodic SRS transmission can be utilized for infrequent SRS transmissions targeting DL scheduling. In this case no change is required to the existing specifications.

· Introduction of an additional SRS power control loop targeting DL CoMP is FFS. 
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