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1
Introduction

SRS power control was discussed in RAN1#69. Several way forward documents were discussed but did not allow reaching a consensus on the enhancements to make for R11.

In this contribution we summarize our views on SRS power control and elaborate on a compromise proposal on this topic for R11.
2
Views on SRS power control
As explained in multiple contributions from previous meetings, the main motivation for enhancing SRS power control is to support UL/DL decoupled operation in heterogeneous CoMP scenarios, i.e. scenarios 3 and 4. This leads to the requirement that power control should enable proper reception of SRS at network points used for both downlink and uplink operation.
As SRS transmission power in Release 10 is tied to the PUSCH transmission power by a fixed offset, it is clear that the requirement cannot be fulfilled unless PUSCH is allowed to be transmitted at a power much higher than warranted by the path loss to the pico cell, defeating the purpose of UL/DL decoupled operation. The most natural solution to address this issue is to allow the introduction of an additional power control mechanism for SRS not tied to PUSCH. This additional power control mechanism should normally include both an open-loop component and a closed-loop adjustment obtained from TPC commands.
Supporting the open-loop component in scenario 4 requires the utilization of CSI-RS based measurement for path loss estimation since the CRS does not identify pico nodes in this case. This was strongly objected by some companies due to concerns on the accuracy of the path loss estimate given the lower density of CSI-RS compared to CRS. However, our own analysis [6] suggests that these concerns are not justified, as the accuracy with CSI-RS is better than 3 dB in 92% of locations in scenario 4 (compared to 95% for CRS). These results are included again in the Appendix of this contribution.
3
Compromise solution
If introducing an open-loop component based on CSI-RS measurement cannot be agreed for R11, one possible way forward is to introduce an additional power control process which uses the same open-loop component as PUSCH but uses separate TPC adjustments and a separate power offset [6]. This additional process could be applied to the transmission power of aperiodic SRS, possibly for one specific value of the SRS request field. This solution does not allow for effective compensation against fast variations of large scale path loss occurring in LOS/NLOS transitions, but at least it would be possible to support UL/DL decoupling operation without too much performance degradation when the UE is not moving. Thus it could be acceptable for R11.
Proposal 1: Introduce additional power control process for aperiodic SRS using same open-loop component as PUSCH but different closed-loop adjustments (TPC).
Assuming this can be agreed, one remaining issue is how to obtain the TPC adjustments for the new process. Several alternatives are workable in principle, such as:
a) Define a DCI format dedicated to the transmission of TPC commands, similar to DCI format 3/3a
b) Modify DCI formats to include an additional field for the TPC command used for the aperiodic SRS

c) Re-interpret TPC field of existing DCI format(s) as TPC command for aperiodic SRS only, when aperiodic SRS is triggered with a value of SRS request field for which the new power control process is applicable
Among these solutions, (c) appears to have the least impact on the specification and should not result in significant issues to the legacy closed-loop process as long as the proportion of concerned DCI’s (for which the SRS request field is set to a proper value) is not too high. In addition, TPC commands from DCI format 3/3a are still available to the legacy process if needed.
Proposal 2: The power control process to which the TPC field of existing DCI formats applies depends on the value of the SRS request field.
4
Conclusions
This contribution summarized our views on SRS power control and presented a compromise proposal on this topic for R11. The following proposals were made:

Proposal 1: Introduce additional power control process for aperiodic SRS using same open-loop component as PUSCH but different closed-loop adjustments (TPC).
Proposal 2: The power control process to which the TPC field of existing DCI formats applies depends on the value of the SRS request field.
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Appendix: CSI-RS-based measurement accuracy
We evaluated the RSRP (and CSI-RS RSRP) estimation error for a population of UE in CoMP scenarios 3/4 under the agreed assumptions. The estimation error is defined as the difference between the measured RSRP (or CSI-RS RSRP) and the actual fading-averaged received signal. It is assumed that the measurement bandwidth is 6 RB’s, the sampling period is 40 ms, the measurement period (for averaging) is 200 ms and both the transmission and measurement is on a single antenna port.

Figure 1 shows the results for the case where the target point is the one received with the highest power (no DL/UL de-coupled operation). In this scenario the absolute estimation error is less than 3 dB in 96% of cases for CRS and 92% of cases for CSI-RS. However, if CSI-RS is configured such that adjacent points mute (as possible from R10), the absolute estimation error for CSI-RS is now less than 3 dB in 95% of cases as shown in Figure 2, which is almost the same as CRS.
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Figure 1. Distribution of the absolute estimation error for CRS and CSI-RS (no muting used for CSI-RS).
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Figure 2. Distribution of the absolute estimation error for CRS and CSI-RS (muting used for CSI-RS).
Figure 3 shows the results for the case where a bias of 9 dB is applied to the UL point association for decoupled DL/UL operation. There is some degradation compared to the non-decoupled case due to the smaller received DL power for some UE’s. However, even in this case the accuracy is sufficient for the vast majority of UE’s and there is no significant difference between CRS and CSI-RS performance.
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Figure 3. Distribution of the absolute estimation error for CRS and CSI-RS (decoupled UL/DL operation).






