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1 Introduction

This contribution focuses on SRS PC enhancements targeting both UL and DL CoMP support, taking into account the discussion in RAN1#69 in Prague [1].
2 Issues with SRS Power Control

For UL link adaptation purposes, SRS coverage is in principle the same as for PUSCH. Therefore, the current power control mechanism based on transmitting SRS with the same power level as PUSCH, possibly adjusted by a semi-static power offset, seems to be sufficient for link adaptation purposes.

On the other hand, SRS should support DL CoMP TDD applications where the potential DL transmission points may experience significantly larger path loss than UL reception points. It can be observed that path loss may vary dynamically and independently for the DL and UL links for the same UE. While the UL path loss variations are compensated by the PUSCH closed loop PC mechanism, the network has no means to dynamically adjust SRS power control and follow channel variations. A particularly challenging scenario is described in Figure 1, where a UE served in the UL by the pico and in DL by the macro is moving towards the pico node. The network dynamically reduces the PUSCH power, in order to avoid excessive interference and optimize UE power consumption, with the consequence that SRS coverage at the macro node is lost. 
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Figure 1: Example of DL CoMP application where legacy SRS PC is ineffective.
Observation:
· Legacy SRS power control is not suitable for reciprocity-based DL CoMP applications
3 Proposed SRS Power Control Mechanism
It seems reasonable to provide SRS Power Control with similar freedom and functionalities as PUSCH/PUCCH power control. The following enhancements may be considered.

3.1 Extension of the UE specific power offset

According to the scenario described in Figure 1 and assuming that power control is optimized for PUSCH/PUCCH, there is need to increase SRS PC up to 16dB on average above the current supported range. This can be achieved by extending the range of the parameter P_SRS_offset. Assuming that an additional SRS PC process associated to m=2 is introduced, the range for P_SRS_offset(2) can be extended. Even though there are several possibilities, a preferred one is to represent P_SRS_offset(2)  with 5-bits. The following quantization rule (for Rel-11 UEs) is proposed:

· Ks=1.25, P_SRS_offset(2) has 1dB step size in range [-3,28] dB

· For Ks=0, FFS between the following alternatives:

· P_SRS_offset(2) has 1.5 dB step size in range [-18,28.5] dB

· P_SRS_offset(2) has 1.25 dB step size in range [-10.5,28.5] dB
Proposal
· Introduce the parameter P_SRS_offset(2) with increased range compared to P_SRS_offset(1)

3.2 Individual closed loop power control for SRS

Closed loop power control is employed for rapidly correcting power according to varying propagation and interference conditions. Considering that the target reception points for SRS and PUSCH/PUCCH may differ, it is natural to decouple the TPC corrections. Therefore, the fc(i) term in the SRS PC formula may be substituted with a hc(i) TPC correction term, that is adjusted independently of PUSCH/PUCCH TPC. One aspect to be clarified is how to signal hc(i) to the UEs. Even though additional options are possible, some reasonable possibilities (to be possibly used jointly) are:
· Define a SRS-specific scrambling code for DCI format 3/3A, and reuse existing PC mechanisms for SRS-specific TPC

· RRC-configure the interpretation of the existing TPC bits in DCI format 3/3A or possibly other DCI formats, such that they control SRS PC instead of PUSCH/PUCCH
· Possibly, RRC configure a rule such that the interpretation of the TPC bits carried by certain DCI formats is a function of the subframe number where the DCI format is transmitted
The above mechanisms have different sets of advantages and drawbacks that need to be considered when agreeing on the final solution. 
Proposal
· Introduce individual TPC commands for the additional A-SRS PC process
· TPC commands are carried by DCI format 3/3A with SRS-specific scrambling or by reinterpreting PC bits carried by other DCI formats
3.3 Additional SRS PC process for A-SRS
As already mentioned, it makes sense to allow additional freedom in the SRS PC. One possibility of doing this is to introduce an additional SRS PC process, associated to the extended P_SRS_offset(2) parameter and the individual SRS TPC commands. Each A-SRS configuration may be associated (by RRC configuration) to either the first or second A-SRS PC process. Hardcoding each SRS configuration to either of the PC processes might limit flexibility and require increased signaling, therefore such option is not preferred.
Proposal
· Introduce an additional SRS PC process, to be freely assigned to any A-SRS configuration(s)
4 Summary

This paper addresses UL SRS enhancements in Rel-11. The following observations and proposals are drawn:
Observations:
· Legacy SRS power control is not suitable for reciprocity-based DL CoMP applications
Proposals:
· Introduce the parameter P_SRS_offset(2) with increased range compared to P_SRS_offset(1)
· Introduce individual TPC commands for the additional A-SRS PC process

· TPC commands are carried by DCI format 3/3A with SRS-specific scrambling or by reinterpreting PC bits carried by other DCI formats

· Introduce an additional SRS PC process, to be freely assigned to any A-SRS configuration(s)
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