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Discussion and decision
1
Introduction

Power control for SRS was discussed over the reflector and subsequently in RAN1#68bis. Two way forward documents ([2]-[3]) were presented and discussed, but no consensus could be reached. In this contribution, we summarize the requirements for SRS power control and analyze which proposed solutions can meet these requirements.
2
Requirement for SRS power control
The enhancements currently considered for SRS power control are motivated by the need to support heterogeneous CoMP scenarios (i.e. scenarios 3 and 4). Such scenarios are characterized by the deployment of nodes with different transmission powers (high-power node and low-power nodes). As a result, in some locations it may be more beneficial for a UE to decouple DL and UL operation such that PDSCH is received from a high-power node while PUSCH targets reception at a low-power node. This is illustrated in the Figure below. 
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Figure 1. SRS transmission in heterogeneous scenario.
The implications for SRS power control stem from that SRS can potentially be used for two purposes, i.e.:

· Providing UL channel information in support of PUSCH scheduling;

· Providing DL channel information in support of PDSCH scheduling, through channel reciprocity (e.g. in TDD, or FDD if the scheduler utilizes long-term channel reciprocity).

When DL and UL operation is decoupled, the appropriate transmission power of SRS is not the same for both purposes since the path loss (and interference) that needs to be compensated to achieve suitable reception level at each node is not the same. This leads to the following requirement:
Requirement: Power control for SRS should enable its proper reception at network points used for both downlink and uplink operation.
2
Analysis of proposed enhancements
In Release 10, SRS transmission power is derived from the PUSCH transmission power and follows the same adjustment as a function of the path loss to the reference point (CRS of the serving cell). Assuming that PUSCH itself could be properly power-controlled, the current mechanism allows SRS to be received at the proper level for uplink operation. Two solutions have been proposed to additionally allow SRS to be received at the proper level for downlink operation, as described in the following.
Multiple power offsets with common power control process [3]
This solution proposes to allow triggering of an SRS transmission with more than one possible power level, where for instance one power level targets UL operation and at least one other targets DL operation. The power levels in this proposal are all based on the power level used for PUSCH transmission as in R10, but with different values for the offset. The power offset(s) targeting DL operation would be larger than the one targeting UL operation since the path loss to the downlink point (high power node) is typically larger.
This solution would be an improvement compared to Release 10 since for instance it would be possible to dynamically select between two power levels depending on whether the SRS is intended for uplink or downlink operation. On the other hand, one drawback is that the power level is still coupled with the power level of PUSCH. To prevent excessive interference from PUSCH, closed-loop adjustments should be made to compensate the path loss to the low power node. This means that as the UE moves from the low power node to the high power node (or vice-versa), such adjustments modify the transmission power of SRS targeting the high-power node in the wrong direction, resulting in either excessive interference or insufficient reception level. This problem could be mitigated by defining a relatively large number power offsets (e.g. >4 offset values), but this could require additional downlink control signaling overhead.
Another issue with this solution is that it assumes that PUSCH power control can be relied on to be reasonably accurate. In scenario 4, an open-loop adjustment based on a CRS-based measurement cannot compensate effectively against fast variations of the large scale path loss that could occur due to LOS/NLOS transitions and shadowing. The same issue now occurs with SRS.
Additional decoupled power control process [2]
In this proposal, an additional power control process can be introduced to allow SRS to be received at the proper level at the high power node for DL operation. The additional power control process uses separate closed-loop adjustments (TPC commands), open-loop parameters (including path loss reference) and power offset. The association between a TPC command and the process could be based on e.g. which aperiodic SRS is selected (SRS request field). The path loss reference used for the open-loop component can correspond to the reference signal transmitted from the high power node and could be a CSI-RS to support scenario 4.
This proposed enhancement directly addresses the need for enabling reception of SRS at the proper level at the high power node by making both open-loop and closed-loop power control mechanisms available for this purpose. However, some concerns have been expressed about the usefulness of the open-loop component considering the accuracy of the path loss estimate, particularly when CSI-RS is used as reference.
For instance, during discussions at RAN1#68bis it has been suggested that the accuracy of the absolute RSRP measurement (for either CRS or CSI-RS) is too poor to be useful for path loss estimation purposes. However, such discrepancies in the absolute value of RSRP are typically caused by fixed factors linked to the specific characteristics of the RF components of the device, and can be expected to be quite stable over time for a given device. Therefore, they are readily corrected by closed-loop (TPC) adjustments. We note that the purpose of the open-loop component is to compensate for fast path loss variations that are caused by sudden changes in large-scale propagation conditions (e.g. UE turning a corner, LOS/NLOS transitions), while slower variations can be handled by the closed-loop adjustments.
Another concern is the degraded accuracy of the CSI-RS-based measurement (compared to CRS) under low SINR conditions, considering the lower density of resource elements available for CSI-RS [4]. Here, it should be noted that for the vast majority of UE’s under the considered CoMP scenarios the SINR is sufficiently high for this to constitue an actual issue. We evaluated the RSRP (and CSI-RS RSRP) estimation error for a population of UE in CoMP scenario 3 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. Figure 2 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 3, which is almost the same as CRS.
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Figure 2. Distribution of the absolute estimation error for CRS and CSI-RS (no muting used for CSI-RS).
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Figure 3. Distribution of the absolute estimation error for CRS and CSI-RS (muting used for CSI-RS).
Figure 4 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.
[image: image4.png]CRS vs. CSI-RS RSRP estimation error with CSI-RS muting

Prob(RSRP<abscissa)

1
5
2

o o o
b o @

o
N

0 1 2 3 4 5
RSRP estimation error (dB)




Figure 4. Distribution of the absolute estimation error for CRS and CSI-RS (decoupled UL/DL operation).
In the above evaluation, it was 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.
For the infrequent cases where the SINR is low, the network always has the ability to compensate with higher closed-loop adjustment.
Based on this analysis, our preferred approach to meeting the requirement for SRS power control remains the introduction of an additional power control process. This leads to the following proposals, in line with the way forward proposed in [2]:

Proposal 1: Support one SRS power control process based on PUSCH power control. 
Proposal 2: Support one additional SRS power control process including open-loop component and separate closed-loop adjustments.
Proposal 3: The additional SRS power control process uses UE-specific parameters for the open-loop parameters, reference of path loss, and power offset.
Proposal 4: The pathloss estimation can be based on CSI-RS signal received quality measurement (CSI-RS RSRP).
3
Conclusion
This contribution discussed potential enhancements for SRS power control in RRH-based heterogenous deployments. 
The following is proposed:
Proposal 1: Support one SRS power control process based on PUSCH power control. 

Proposal 2: Support one additional SRS power control process including open-loop component and separate closed-loop adjustments.

Proposal 3: The additional SRS power control process uses UE-specific parameters for the open-loop parameters, reference of path loss, and power offset.

Proposal 4: The pathloss estimation can be based on CSI-RS signal received quality measurement (CSI-RS RSRP).
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