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1. Introduction

At the last two meetings RAN1 discussed mechanisms to enable SRS transmissions targeting DL CoMP in scenarios where UL-DL channel reciprocity can be exploited (TDD) (see e.g. [1], [2]). Compared to Rel-10 use cases, the main problem here is that the serving cell or transmission point(s) from which the UE receives PDSCH may not be collocated with the reception point(s) where PUSCH is received. Two proposals for SRS enhancements, [3], [4], were discussed at RAN1 #68bis with the conclusion that RAN1 strive to agree on harmonized solution based on the commonality between these proposals. In this contribution we examine these proposals and suggest a way forward for SRS power control targeting CoMP scenarios.

2. Discussion
In our view the primary justification/use case for independent SRS power control for DL and UL CoMP is where the pathloss to the configured reception point (RP) is significantly different from the pathloss to the DL serving cell/TP. More specifically, the UE may be configured to transmit on PUSCH to a nearby RP (e.g. a pico cell) in order to minimize UL transmit power and also to reduce the UL interference caused by the UE. On the other hand the DL serving cell from which the UE receives DL control signaling may be further away with respect to the PUSCH RP. A few design objectives worth reiterating are:

· First determine whether the existing SRS power control loop can support both UL and DL CoMP for this scenario. 
· Secondly, it should be noted that, historically, LTE specification has strived for similar specifications between TDD and FDD. 
· Minimize specification impact given that SRS power control enhancements are limited to TDD in general, and to scenarios where channel reciprocity can be exploited in particular.

With these points in mind we study the two proposals from RAN1 #68bis.
Proposal 1: Independent SRS power control loops targeting DL and UL CoMP:​ the main features of this proposal are [3]
· 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 settings for the following parameters:
· Open-loop parameters (reference transmit power P0 and path loss compensation factor α) 
· Reference of pathloss:  CSI-RS based pathloss estimation is supported.

· TPC command f(i)
· Semi-static power offset

It can be observed that this proposal decouples SRS power control from PUSCH power control. Indeed, the network has the flexibility to configure SRS transmissions targeting any TP in the DL CoMP measurement set. However, this flexibility comes at a considerable price:

1) The UE has to maintain two power control loops which increases UE complexity for TDD in comparison to FDD
2) At RAN1 #68, CSI-RS based pathloss estimation was precluded for PUSCH and PUCCH. We consider that CSI-RS based pathloss may be more beneficial for PUCCH (and PUSCH) compared to SRS, in order to reap the gains of DL CoMP. Therefore, if there is no consensus to change the previous agreement for PUSCH/PUCCH, there is no need to support CSI-RS based pathloss estimation solely for SRS.

3) A new mechanism is required to convey closed loop TPC commands f(i) to the UE. If for example the A-SRS trigger is contained in a DL assignment a new TPC field may be needed specifically for SRS power control. 

Proposal 2: Reuse of PUSCH-linked SRS power control for both DL and UL CoMP: this proposal reuses the existing Rel-10 SRS mechanism. The features of the proposal include [4]
· SRS PC is linked to PUSCH PC (mechanism as in Rel-10) with an increased range of the power offset value PSRS_OFFSET(m), where m = 0,1,...,N-1 and N is the number of different SRS transmit power levels. 
· The combination of an aperiodic SRS with one power level, and a periodic SRS with another power level, is used to serve DL and UL measurement purposes, respectively.
· This is achieved by higher-layer signaling of power offset values (if N=2 this is already supported in Rel-10)
· Link between periodic SRS PC with either DL or UL case depends on network implementation 
· Consider aperiodic SRS PC for both DL and UL with a linkage between the SRS power offset and the SRS parameter set when N>2.
With this scheme the same aperiodic SRS configuration can be used for both DL and UL. To allow different power requirements one possibility is to specify at least one additional SRS power offset [5]. For example, PSRS_OFFSET(0), PSRS_OFFSET(1) and PSRS_OFFSET(2) are for periodic SRS, aperiodic SRS for UL and aperiodic SRS for DL respectively. Furthermore, it should be recalled that the primary motivation for triggering A-SRS in DCI formats 2B/2C was to support SRS for DL scheduling, which is exactly the use case considered for DL CoMP. 

Observations

1) One common feature between both proposals is to employ A-SRS transmission for DL CoMP. This is partly due to the fact that the required UL channel estimates for DL scheduling may be relatively infrequent compared to channel estimates for PUSCH link adaptation. 
2) It is possible to support A-SRS for both DL and UL CoMP with the same power control loop including a single PSRS_OFFSET. The disadvantage is that the SRS transmit power may be higher than necessary if the UL RP is much closer to the UE than the TP for DL scheduling. Since A-SRS is by definition on demand and it is only transmitted on one symbol in a cell-specific SRS subframe, the impact of the UL interference that is generated may not necessarily be severe. 
3) Specification impact is minimal for Proposal2 since all that is required is at most an additional PSRS_OFFSET parameter.

Based on these observations and the preceding analyses we have the following proposal:

Proposal

· SRS power control is linked to PUSCH power control as in Rel-10
· Alternative 1: Configure a TDD UE for A-SRS transmission to support both DL and UL CoMP.

· Alternative 2: Configure a TDD UE with PSRS_OFFSET (1) A-SRS targeting PUSCH link adaptation, and a different parameter PSRS_OFFSET (2) targeting DL CoMP. The UE is implicitly signaled PSRS_OFFSET (2) by detecting a positive A-SRS trigger in DL DCI formats 1A/2B/2C. 

Regarding the range of PSRS_OFFSET it was observed (see e.g. [5]) that the pathloss error between the DL serving cell and a different network point, can be on the order of the difference in transmit powers between a low power and high power node. For example for a macro eNB and pico eNB transmitting at 46dBm and 30dBm respectively, the worst case pathloss error is 16dB, whereas the maximum value of PSRS_OFFSET  is 12dB. Therefore, the range can be extended only when delta MCS is disabled (i.e. KS = 0) since this applies only for DL CoMP. In order to avoid ambiguity when KS = 1.25 for PUSCH, a simple change is that the UE assumes KS = 0 for A-SRS targeting DL CoMP.  
3. Conclusion

This contribution compared two proposed enhancements for SRS power control targeting DL CoMP.
· SRS power control is linked to PUSCH power control as in Rel-10

· Alternative 1: Configure a TDD UE for A-SRS transmission to support both DL and UL CoMP.

· Alternative 2: Configure a TDD UE with PSRS_OFFSET (1) A-SRS targeting PUSCH link adaptation, and a different parameter PSRS_OFFSET (2) targeting DL CoMP. 

· The UE is implicitly signaled PSRS_OFFSET (2) by detecting a positive A-SRS trigger in DL DCI formats 1A/2B/2C. 

· Extend the range of PSRS_OFFSET for A-SRS transmission targeting DL CoMP.

· A TDD UE can assume that KS = 0 when triggered in DL DCI formats for DL CoMP.
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