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1. Introduction 

In RAN1#69, there were several ways forward on SRS power control for CoMP.  However, the principle of SRS power control between the proposals in the ways forward are far apart.  It was not possible in RAN1#69 to arrive at a compromise solution to satisfy companies with different proposals.   This paper discusses SRS power control for CoMP in Rel-11. 
2. Discussion
The principle of open loop power control is to maximize the received SINR at the target reception points and to minimize the interference to non-reception points.    In UL CoMP, the power control needs to accommodate multiple reception points in the cooperating set to optimize the combining gain.       
SRS is used for UL channel state estimation for link adaptation.  The UL channel state estimation is utilized by the scheduler for frequency-selective scheduling for PUSCH.   SRS can also serve for DL channel sounding in TDD. SRS could also be used for long-term channel information to configure the CoMP measurement set. 
The relevant set of reception points at which the SRS need to be received may be different from the relevant set of reception points for PUSCH.  

Therefore, the discussions of SRS power control for CoMP need to consider aspects of setting different offset values, extend the range of power offset, separated power control process for A-SRS based CSI-RS path loss estimation, and additional closed-loop power control.  
The way forward proposed in [1] has multiple SRS power control processes tied to PUSCH with an extended range of offset values as shown below.  Different offsets could relate to different reception points for either UL or DL channel state estimation.   
Proposal from [1]:

· Rel-11 UE supports all SRS PC processes tied to PUSCH PC process

· Multiple processes are supported via semi-static P_SRS_offset(m), 

· Support increased range of the power offset value for m=0,1,  one of the offset is applied to periodic SRS, and the other offset is applied to aperiodic SRS

· FFS:  m belongs to the set {0,1,...,N-1}, and N-1 offsets(N>2) are supported for aperiodic SRS PC, e.g. each offset is linked to one A-SRS parameter set 

· UE is expected to switch dynamically between different P_SRS_offest(m)s, according to some eNB signaling
In [2], the way forward as shown below is to have one additional open loop power control process for A-SRS based on the path loss estimation of CSI-RS and additional TPC commands.   The proposed open loop power control based on CSI-RS would be useful for RRHs sharing the same cell ID as the macro eNB.  However, there are multiple CSI-RS resources in the CoMP resource management set, and some of them would have very low SINR.  The accuracy of the PL measurements would not be good in the low SINR region.  
Proposal from [2]:
· Rel-11 UE supports an aperiodic SRS PC process tied to a PUSCH PC process.

· Rel-11 also supports one aperiodic SRS PC process with separate UE-specific setting for the following parameters:

· Open-loop parameters (reference transmit power and pathloss compensation factor a) 

· Reference of pathloss 

· CSI-RS based pathloss estimation is supported.

· TPC command f(i)
· Semi-static power offset
The complement proposal shown below from [3] has one additional A-SRS closed loop power control with new TPC bits.  The additional TPC bits would increase the DL control channel signaling overhead and UE complexity.  The additional complexity and overhead need justification in terms of the performance benefit.
Proposal from [3]:
· Rel-11 UE supports one periodic SRS PC process and one aperiodic SRS PC process both tied to the PUSCH PC 

· FFS whether range of power offset values P_SRS_offset(m), m=0,1 is extended

· Rel-11 also supports one aperiodic SRS PC process with separate UE-specific setting for the following parameter:

· TPC command h(i)

· UE specific power offset P_SRS_offset(2) with increased range compared to Rel-8

· The following aspects are FFS:

· Association between aperiodic SRS configurations and {h(i), P_SRS_offset(2)}

· Procedure for signaling h(i)

· Range for P_SRS_offset(m) 
3. Conclusions

We have discussed the SRS power control and related proposals from RAN1#69.   SRS is critical for UL channel state estimation, DL channel state estimation for TDD, and measurements for configuration of the CoMP measurement set.  The objective of SRS power control for CoMP is to have SRS reach all reception points in the CoMP cooperating set reliably and minimize the interference to those reception points outside the CoMP cooperating set.  The simple enhancement of SRS power control for CoMP in Rel-11 is an extension of Rel-10 SRS power control with extended range semi-statically configured by higher layers.   Other power control mechanisms, such as A-SRS open loop PC based on CSI-RS PL estimation and additional closed loop TPC, should be carefully evaluated in terms of the complexity and performance benefits for a future release.  
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