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1 Introduction

In RAN1#68bis, two options for SRS power control in CoMP scenario are discussed:
Option A: SRS power control is linked to the power control of PUSCH (as in Rel-10) with an increased range of the power offset value P_SRS_offset(m), where m=0, 1, …, N-1 where N>=2. 

· Note that this is basically the option 1 with acknowledgement that 2 offset values are already supported in Rel-10 when N=2.

· The signaling of P_SRS_offset(m) needs further discussion

Observation: Increased range may cause some issue as the UE may need to ramp up power quickly from low-power PUSCH to high power SRS. Current RAN4 provisioning of 40us transitioning period should be enough for this power ramping.
Option B: Introduce an additional SRS power control process for DL CoMP in addition to the power control for UL CoMP reception where the additional power control process is not tied to the power control of PUSCH through an offset value.
· The Rel-10 SRS power control is still supported by the Rel-11 UE.

· The new SRS power control process at least has its own CL-PC, and maybe also its own OL-PC.
· Both SRS power control processes are applicable at least to aperiodic SRS
There are also two WF address this issue[5][6]. However, there is no agreement, and the conclusion from last meeting is:
Continue discussion.  Companies are encouraged to come up with a harmonized proposal, based on the commonality identified between these two WFs. 
In this contribution, we analyzed the same points and different points of the two options, and finally provide our preference.
2 Discussion

2.1 Improve by semi-static configured power offset value

The WF related to option A is as following [6]:
· SRS PC is linked to PUSCH PC (mechanism as in Rel-10) with an increased range of the power offset value P_SRS_offset(m), where m = 0,1,...,N-1 

· 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 the network RRC signaling of power offset values (if N=2 is supported as in Rel-10)

· Link between periodic SRS PC with either DL or UL case depends on network implementation 

FFS: aperiodic SRS PC are combined for DL and UL needs via link between the power offset value P_SRS_offset and SRS parameter set and N>2
There are several characteristics of this WF:
A combination of aperiodic SRS and periodic SRS can be used to serve DL and UL measurement purposes, respectively. Specifically speaking, apriodic SRS can be related to the DL measurement, and can also be related to the UL measurement; meanwhile, periodic SRS is related to the UL measurement, and can also be related to the DL measurement, respectively. Although for a specific kind of measurement, for example DL measurement, there can be periodic SRS and also apriodic SRS, however, there can be only periodic SRS or aperiodic SRS in a period, and can’t be both. In r10, for a specific measurement, there can be periodic SRS and aperiodic SRS configured to the UE at the same period. The periodic SRS is to get the long-term channel condition and the aperiodic SRS is for real-time channel state information. Consequently, if this WF is adopted, the performance of SRS will be worse than the R10 UE, which is not favorable from a system design perspective.
Another characteristic of this WF is that the indication of the power offset value is by RRC signaling, which is not flexible enough and may not be able to capture the dynamic change of the UE condition and the channel state.
2.2 Improve by additional SRS process

The WF related to option B is as following [5]:
· 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 path loss compensation factor a) 

· Reference of pathloss 

· CSI-RS based pathloss estimation is supported.

· TPC command f(i)

· Semi-static power offset

About the parameters in the WF, the first two parameters are related to the CSI-RS based path loss measurement. From the RS transmit power, the RS transmit point, we can get the CSI-RS based path loss. If combined with the path loss compensation fator a, then we can get the path loss part in the uplink transmit power--
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. And f(i) is the dynamic TPC command, to get the effect of dynamically adapt to the UE’s condition. The semi-static power offset is a complement of the TPC command, for payload size decrease of the TPC command. 
About the aperiodic SRS, this WF will allocate two aperiodic SRS for the uplink measurement and DL measurement, respectively. Compared to the R10 specification, for the uplink measurement, there will be both the periodic SRS and the aperiodic SRS, which can remain perfect backward compatibility.
2.3 Commonality and Difference between the two approaches 
When UE is moving in the CoMP cluster, with option A as the semi-static power offset configuration method, it is difficult for the UE to adjust to the suitable power level. There can be two methods to improve the severe situation:
· Adopt CSI-RS based path loss calculation;

· Adopt CL power control based on TPC command;
With the CSI-RS based method, the UE can get the accurate path loss to the specific point, then the correct uplink transmit power can be calculated. However, the density of CSI-RS is less than that of CRS, then the accuracy of CSI-RS based path loss calculation need careful consideration; meanwhile, there has been agreement on the PUSCH/PUCCH power control that no enhancement will be introduced in R11 which containing the CSI-RS base path loss calculation method. Consequently, the CSI-RS base path loss calculation for SRS needs to consider commonality with other uplink channels.
With the TPC command based method, the UE can adjust the uplink transmit power according to the instruction of the eNB. However, the time between the TPC command and the actual uplink transmit power adjust will be at least 4ms; to make the circumstance worse, the UE may need several rounds to get the suitable uplink power, which means multiple of 4ms. Another problem with this method is that if this TPC command based method is combined with CRS base path loss calculation, the OL power control command and the CL power control command may have different purposes, which is hard for the UE to understand, and there may be some useless work.
In CoMP scenario, the SRS need to perform channel sounding for both the uplink points and the downlink points, which means that the SRS transmission opportunity will be increased to previous scenario. In R10, the aperiodic SRS is introduced to get the real-time channel state information, and it is the fact that both the DL assignments and the UL grants can be used to trigger the aperiodic SRS. Consequently, as there is more need for SRS in R11, there in no reason to limit the SRS flexibility for option A.
So here comes our proposal:

Proposal 1: CSI-RS based path loss calculation for SRS is preferred. CRS based path loss calculation is also acceptable.

Proposal 2: Another SRS power control process is introduced in CoMP scenario for the downlink measurement with power offset value and additional TPC command.

3 Conclusion

In this contribution, we analyzed the issues related to SRS power control for CoMP scenario, and our proposals are as following:
Proposal 1: CSI-RS based path loss calculation for SRS is preferred. CRS based path loss calculation is also acceptable.

Proposal 2: Another SRS power control process is introduced in CoMP scenario for the downlink measurement with power offset value and additional TPC command.
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