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Discussion and decision
1
Introduction

Power control for SRS was discussed in RAN1#68 ([1]-[3]) and subsequently over the reflector. The focus of these discussions was on potential enhancements to enable use of SRS in support of both UL and DL operation in heterogeneous scenarios. Different options were debated, but no conclusion was reached.
In this contribution we present an analysis of the problem scenario potentially justifying an enhancement and present our view on the appropriate enhancements.
2
SRS in heterogenous scenario
In practice, SRS may be used for different purposes, such as:

· 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).

As long as the transmission point used for PDSCH coincides with the transmission point used for PUSCH, the same transmission power of SRS should be suitable for both purposes. On the other hand, as observed in previous contributions and over the reflector, such constraint does not result in optimal operation for RRH-based heterogeneous scenarios (i.e. scenarios 3 and 4) that are to be supported as part of the CoMP work item. More specifically, due to imbalance of transmission powers between nodes in such scenarios, some UE’s could clearly benefit from targeting a low power node for PUSCH transmission while being served by the high power node for PDSCH reception.
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Figure 1. SRS transmission in heterogeneous scenario.
Assuming that power control for SRS remains as in Release 10, the SRS power is derived from the transmission power of PUSCH and follows the same adjustment as a function of the path loss to the reference point (CRS) and TPC commands. This is obviously a problem from the perspective of SRS in support of DL, since the PUSCH power control process tends to reduce power as the UE gets closer to the low-power node and farther from the high-power node, which is the opposite of what is needed for SRS in support of DL.
Observation: Power control of SRS in support of DL operation needs to be decoupled from power control of PUSCH when transmission and reception points are not the same.

Having recognized this basic fact, two questions follow:
1. How to realize de-coupling between PUSCH and SRS power control
2. Whether an additional SRS power control process should be maintained for SRS in support of UL

These two issues are to a large extent independent from each other and are discussed in the following.
2.1 De-coupling of power control
De-coupling power control can be achieved by implementing one or both of the following:

a) Configure a separate reference signal as path loss reference to de-couple open-loop component

b) De-couple closed-loop adjustments
Considering that the motivation of de-coupling is that the reference points may be different, the most natural and efficient approach would be to introduce option (a). Option (a) has no significant issue for scenario 3 since the reference signal used as path loss reference can be cell-specific reference signals. The signaling impact is limited to configuring a cell identity in the power control configuration for the SRS, with possible default to the serving cell. The UE maintains up to two path loss estimates (one for PUSCH and another one for SRS) based on measured RSRP on the respective reference signal(s).
In case of scenario 4, the CRS is not a point-specific reference signal and is therefore not suitable for the purpose of option (a). However, option (a) is realizable if CSI-RS can be used as path loss reference in place of CRS. Since CSI-RS based measurements will be introduced in support of CoMP set determination, there is no additional complexity to reusing the same measurement for the purpose of open loop power control.
Option (b) is definitely capable of generating de-coupled transmission powers between PUSCH and SRS. However, it can be questioned if the tracking performance of the power control loop alone is sufficient, considering a realistic propagation environment with LoS/NLoS transitions and shadowing variations, and the fact that SRS in support of DL CoMP may not be transmitted so frequently. It could be used as a complement to option (a).

Proposal 1: The reference signal used in path loss estimation for SRS power control can be configured.
Proposal 2: The reference signal configured for path loss estimation for SRS power control can be CRS or CSI-RS.
2.2 Additional SRS power control process

The possibility of de-coupling power control of SRS and PUSCH would enable the transmission of SRS at a power level sufficient to support DL operation, potentially higher than is required to support UL operation. In general, one could expect that a same SRS transmission, provided that it is transmitted at a sufficiently high power, can be utilized for supporting both DL and UL operation. Therefore, it could in principle be possible to operate with a single SRS power control process as long as the resulting power is sufficient to reach both DL and UL points.

One drawback of restricting SRS power control to a single process, however, is when the SRS transmission requiring lower power (e.g., for UL support) is needed more often than the SRS transmission requiring higher power (e.g., for DL support). In such situation, the SRS transmission power is unnecessarily high most of the time, which results in increased inter-cell interference and battery consumption. There are several reasons why such a scenario may occur with significant probability:
1. Depending on scheduler implementation, SRS for DL may not be required as often as SRS for UL (e.g. if SRS for DL is only used to estimate long-term channel characteristics by reciprocity);
2. Depending on traffic patterns, UL activity may be more intense than DL activity during certain periods (e.g. while a file is uploaded). It should be noted that the fact that the DL activity becomes temporarily less intense does not imply that the scheduler should entirely abandon DL CoMP operation for an extended period of time. Transmission of SRS in support DL should be able to resume when significant DL activity resumes.

To avoid the problem of unnecessarily high power transmissions, one could maintain a separate power control process applicable to SRS transmissions intended for UL support. Such power control process should be coupled to PUSCH power control and indeed be identical to currently defined power control for SRS.
As was suggested during the email discussion, it would also be possible to limit additional complexity introduced by the separate processes by restricting the SRS transmission that is power-controlled by a configurable reference signal (i.e the one typically used for DL support) to aperiodic SRS. 

Proposal 3: Support two power control processes for SRS. One process is the legacy process linked to PUSCH power control.
3
Conclusion
This contribution discussed potential enhancements for SRS power control in RRH-based heterogenous deployments. The following is proposed:
Proposal 1: The reference signal used in path loss estimation for SRS power control can be configured.

Proposal 2: The reference signal configured for path loss estimation for SRS power control can be CRS or CSI-RS.

Proposal 3: Support two power control processes for SRS. One process is the legacy process linked to PUSCH power control.
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