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1. Introduction
Uplink power control for PUSCH/PUCCH/SRS in CoMP scenarios had been discussed for several meetings. In RAN1#68 meeting, there was conclusion that no power control enhancement would be introduced for PUSCH/PUCCH PC. In RAN1#68bis meeting, SRS PC was discussed but no conclusion was made [1][2]. In this contribution, we discuss different schemes of SRS PC proposed by companies and give some suggestions for further decision.
2. SRS PC enchantment for CoMP
From two WFs[1][2] in the last meeting, the main issues that companies are discussing can be summarized as:
1) Support of separate SRS power control process

2) Support of independent open loop power control from PUSCH PC
3) Support of separate SRS power offsets for multiple process
4) Support of separate TPC for multiple process
It became common understanding that from different DL/UL requirements, SRS transmission power should be adjusted to satisfy the furthest receive point. So at least from two WFs, semi-static SRS power offset is still needed. In WF [2], extension of SRS power offset range is proposed and in WF[1] separate semi-static SRS power offset is required. Also, it seems in two WFs, two SRS power control processes can be supported: in WF[1], one periodic and one aperiodic SRS with different SRS power offset can naturally support two processes without standardization impact; in WF[2], two independent PC processes for aperiodic SRS are proposed. 

It can be seen that the main divergence is whether the issue 2) and 4) is needed. In the following section, we discuss the necessity of 2) and 4), and also analyze the detail of 3) which is supported by both WFs.
2.1. Necessity of independent open loop power control from PUSCH PC
As mentioned in [3], SRS can be exploited to provide CSI for different purposes: UL CSI measurement, DL set management, DL CSI measurement and etc. For different requirements, different power process may be introduced and occupy more SRS resource. On the other hand, in CoMP scenarios, cooperative SRS transmission among points also requires more orthogonal SRS resource [4], particularly for periodic SRS. In this case, SRS for different requirements should share SRS resource as much as possible to make SRS capacity used more efficiently. For different requirements in the same resource, SRS can be transmitted with the higher power that can satisfy different types of requirements. Also, for more flexible scheduling, enhancement on SRS capacity is also needed.
It was proposed by some companies that independent pathloss measurement based on CSI-RS should be introduced for SRS PC used for DL measurement. It is still early to have this mechanism for SRS PC before this working assumption is finally confirmed. If independent open-loop PC is introduced, SRS for DL measurement can no longer be reused for UL measurement. Completely separate SRS resource for different power process will greatly degrade the resource efficiency, and the SRS capacity would become a serious problem especially in TDD system. Furthermore, without independent open loop PC, SRS PC still works with analysis as shown in section 2.2. 

Proposal 1: SRS resource should be reused for different requirements to improve resource use efficiency, so separate open loop power control (including reference transmit power, pathloss compensation factor a and PL) should not be considered for different process
2.2. Support separate SRS power offsets only for multiple process
From both WFs, enhancements on multiple power control process can only be considered for aperiodic SRS and separate SRS power offset for different process can be a choice. This can be a good start point for further harmonization.
In Rel-10, different power offsets have already been supported for periodic and aperiodic SRS. Then two power processes can be performed for these two types of SRS via configuration of power offsets targeting different requirements. However, periodic SRS may not be always configured for a certain UE. Also it is possible that even there is periodic SRS for DL or UL requirement, but there is still a need to have two aperiodic SRS for DL and UL requirements. The flexibility of aperiodic SRS may be limited by single offset since only single power process can be supported for aperiodic SRS simultaneously. For this issue, multiple offsets can be introduced for aperiodic SRS to support different process via different triggering. For UL CoMP, the current mechanism can be reused. For DL CoMP, eNB should generally configure larger power offset based on UL transmission. In [3], we show the specific method to obtain the DL pathloss error for SRS PC via UL transmission. Considering a CoMP UE usually moves very slowly (e.g. v=3km/h) especially in a heterogeneous network, the configuration of multiple SRS power offsets can follow the UE mobility. In addition, to achieve transmit power for large-scale measurement of UL/DL CoMP, each SRS power offset should be extended to larger value range as mentioned in[5].
Proposal 2: Multiple SRS power offsets with extended range are sufficient to support multiple power process.
To provide more configuration flexibility and reduce the power error, some enhancement can be further considered for dynamic modification of SRS power offset, i.e dynamic switching of SRS power processes (both linked to PUSCH PC). 
One simple method can be configuration of different power offsets associating with different parameter sets of aperiodic SRS, and then power offset can be implicitly indicated via dynamic triggering of aperiodic SRS with different sets. The offset configurations for different sets can also be the modification values of power offset (
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), and then the range-extending can be simultaneously realized without adjustment on SRS power offset. On the other hand, if new DCI format is introduced for DL CoMP, two SRS triggering bits can be assigned in that format also for power modification. The three triggering states can be used for dynamic selection of absolute value or even accumulated value of power offset similar to TPC. Then even for each process, offset can also be adjusted dynamically. Other types of enhancement can also be further considered.
Proposal 3: Implicitly dynamic modification of SRS power offset by aperiodic SRS can be considered as further improvement. 
2.3. Considerations on Separate TPC

 From common understanding, in CoMP scenarios, high velocity is not assumed. From this aspect, it is not really necessary to have separate TPC because appropriate SRS power offset adjustment can be the substitute in low velocity. One may argue TPC provides better power control accuracy than open loop PC using PL. However, with SRS power offset adjustment at network, the procedure is actually close loop and there is no problem on accuracy. Also, without other power control enhancement, e.g. adjusting SRS offset with extended range,   the power difference of different process may be very large according to [5]. A mass of TPC command is needed to satisfy the power requirement considering that the step of TPC is usually very limited. Then the PDCCH overhead would become a problem especially when only few UEs require this type of TPC. Also, as described in the last section, implicit modification of SRS power offset by aperiodic SRS parameter set can also realize dynamic adjustment.
Proposal 4: Independent TPC or other TPC enhancement is not necessary.
3. Conclusions

In this contribution, we discuss the solutions for SRS power control enhancement. A SRS PC mechanism is proposed for the sake of the commonality between the two WFs in the RAN1#68bis meeting. We summarize our proposals as below:
Proposal 1: SRS resource should be reused for different requirements to improve resource use efficiency, so separate open loop power control (including reference transmit power, pathloss compensation factor a and PL) should not be considered for different process
Proposal 2: Multiple SRS power offsets with extended range are sufficient to support multiple power process.

Proposal 3: Implicitly dynamic modification of SRS power offset according to difference processes by aperiodic SRS can be supported. 

Proposal 4: Independent TPC or other TPC enhancement is not necessary.
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