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1 Introduction

Enhancements to SRS transmission power control (SRS TPC) were discussed in RAN1#68 and the following aspects were identified for further consideration (the last two relate to CoMP scenario 4):

· Support of separation of DL and UL association points

· Relation to the PUCCH/PUSCH PC, especially for scenario 4

· Scenarios where CRS is transmitted in an SFN fashion

This contribution provides analyzes aspects related to SRS TPC enhancements including the ones outlined above. In particular, this contribution considers the case of CoMP scenario 4 (CoMP4) and the conditions under which separate SRS TPC processes may be required for DL CoMP and UL CoMP and their practical relevance.
2 SRS TPC Enhancements for CoMP Scenario 4
The key characteristic of CoMP scenario 4 is that CRS is transmitted in an SFN fashion by all nodes. The consequence of this on RSRP and path-loss measurements has been extensively analyzed. In particular, at least for RSRP measurements and reporting purposes related to DL CoMP measurement set management for CSI feedback, the working assumption is that these measurements will be based on the CSI-RS for each node in the measurement set. 
RSRP measurements and CSI feedback in the DL are equivalent to path-loss measurements and SRS transmissions in the UL. If the SRS transmission power is based on a path-loss measurement derived from the SFN combined CRS, it will obviously underestimate the path-loss. The severity of this underestimation depends on the location of the UE and of the RRHs in the macro-node coverage area. For a UE connected to an RRH and moving towards the macro-node, the RSRP based on the CSI-RS from the RRH will correctly indicate that the RSRP decreases while the CRS based path-loss measurement will incorrectly indicate that the PL also decreases which is a fundamental contradiction. The main question then is whether it is practically feasible to compensate in a timely manner the incorrect PL estimation with TPC commands and whether such reliance on the TPC commands is anyway needed.
Most of the time, a UE is in DTX/DRX mode and periodic SRS transmissions may be configured with very large periodicity, if at all. A functionally similar situation occurs when a UE reports an empty buffer through a latest BSR as the network may then choose to configure to such UE periodic SRS transmission with very large periodicity or even disable them and then rely on an aperiodic SRS when the UE sends a positive SR or a BSR indicating data to transmit at a later time. 

Without frequent SRS transmissions (or in general UL transmissions) and with CSI-RS based RSRP reporting, it is practically infeasible for a network to be adjusting the UL transmission power for a UE with TPC commands (in addition to this being expensive in terms of PDCCH overhead especially considering the capacity limitations of the CSS, whether the legacy one or an enhanced one). For typical cases that a UE is served by a single TP/RP or is in DL/UL CoMP operation (that is, mobility does not cause a hand-off from the macro-node to an RRH or vice versa), configuring to a UE a new CSI-RS configuration is not needed and an associated delay in measurements is not applicable. Moreover, compensation to path-loss changes during UL inactivity can be as usual if it is based on the CSI-RS without reliance or need for TPC commands. This is not feasible if path-loss measurements are based on the CRS. 

Observation 1: With RSRP measurements based on the CSI-RS and path-loss measurements based on CRS, the SRS transmission power cannot be adjusted for UEs in DTX/DRX mode or for UEs not having data to transmit.
3 Support of Separation of DL and UL Association Points
SRS can be used in TDD systems to obtain more accurate CSI and provide DL throughput gains (e.g. [1, 2]) over conventional CSI feedback based on CRS/CSI-RS for DL CoMP, to reduce the UL overhead for feedback of CSI and of information for TP association (e.g. multiple RSRP reports), and to exploit the channel reciprocity for beamforming E-PDCCHs. Therefore, the conventional association of SRS TPC to the PUSCH TPC is not beneficial to maintain in TDD systems as the SRS can be used for purposes associated with transmissions of DL signals.
For DL CoMP, multiple TPs in cooperating/measurement sets need to simultaneously receive SRS to estimate a respective CSI. These TPs may be different than the RP(s). For example, DL transmissions to a UE may be from 2 TPs while, due to the smaller UE transmission power, data reception from a UE may be processed at only at 1 RP (Figure 1). 

[image: image1]
Figure 1: An example of 2 TPs and 1 RP.

TP/RP collocation may not always exist, particularly in a network with macro-nodes and low power nodes (LPNs). For SRS transmission, when for example a UE has two TPs and only one RP as in Figure 1, although the PL for computing the data/DMRS transmission power in a PUSCH may consider reception only at the RP(s), the PL for computing the SRS transmission power should consider reception at both TP(s) and RP(s). The PL difference in SRS transmission power and data/DMRS transmission power in a PUSCH may be absorbed in the parameter 
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 and be transparent to a UE. However, increasing the range of 
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 values (to the high end) may be needed.
Observation 2: 
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 may need to be extended to include larger values.
Another issue related to the use of SRS for DL CoMP or for beamforming of E-PDCCHs in TDD is the application of separate TPC commands applicable only to SRS transmissions. As accurate CSI is key for achieving the throughput gains from DL CoMP or the spectral efficiency gains for E-PDCCHs from beamforming or FDS and as the channel between a UE and TPs may be independent from the channel between a UE and RPs, separate/additional TPC commands may be used for SRS transmission relative to data/DMRS transmission in a PUSCH. 
Observation 3: Additional TPC commands for SRS transmission are beneficial for TDD systems.
Two SRS TPC processes for respectively supporting UL and DL transmissions are not required unless the respective sets of TPs and RPs contain different nodes (that is, there is a TP node that is not an RP node and there is an RP node that is not a TP node) and the SRS resources used for SRS transmissions associated with TPs are not orthogonal with the SRS resources used for SRS transmissions associated with RPs. However, no such use cases have been identified. 

A single SRS TPC process can generally be used. If the TP nodes are the same as the RP nodes, the SRS transmission power may obviously be targeted to either. If the RP (TP) nodes are a super-set of the TP (RP) nodes, the SRS transmission power may be targeted to the RP (TP) nodes. In either case, the SRS transmission power setting is a network implementation and there is no reason to create additional interference and increase overhead by using separate SRS TPC processes. In case of additional, separate, TPC commands for SRS that are not applicable for data/DMRS in a PUSCH, TPC command errors may accumulate differently for SRS than for data/DMRS. This may create an incorrect assumption at the scheduler regarding the power offset between SRS and data/DMRS is a PUSCH, thereby hindering correct scheduling decisions. The severity of the problem will depend on how the additional TPC commands are provided as this will affect the probability of PDDCH miss (without the network detecting DTX), the false CRC check probability, etc. For example, with DCI formats 3/3A, the PDCCH miss probability for the majority of UEs is very small and the false CRC check probability is negligible while this is not the case for UE-specific DCI formats.

Observation 4: Whether a single SRS TPC process is sufficient depends on the existence and transmission method of TPC commands applicable only for SRS transmissions.
4 Conclusions
This contribution considered aspects of SRS TPC for CoMP scenario 4 and for purposes related to DL signal transmissions in TDD. Based on respective analysis, the following proposals are made.

Proposal 1: Path-loss measurements for SRS TPC in CoMP scenario 4 are based on CSI-RS.

Proposal 2: An additional TPC process for SRS transmissions in support of DL CoMP includes respective TPC commands.
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