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1 Introduction

SRS transmission power control (SRS TPC) for DL/UL CoMP was discussed in RAN1#69. The main outcome of the discussions was the following three proposals and no agreements could be reached. 
Proposal 1: Use CSI-RS based path loss estimation for open loop power control for SRS

Proposal 2: Rel-11 UE supports all SRS PC processes tied to PUSCH PC process

· Multiple processes are supported via semi-static P_SRS_offset(m), 

· Support increased range of the power offset value for m=0,1,  one of the offset is applied to periodic SRS, and the other offset is applied to aperiodic SRS

· FFS:  m belongs to the set {0,1,...,N-1}, and N-1 offsets(N>2) are supported for aperiodic SRS PC, e.g. each offset is linked to one A-SRS parameter set 
· UE is expected to switch dynamically between different P_SRS_offest(m)s, according to some eNB signaling 

Proposal 3: 

· Rel-11 UE supports one periodic SRS PC process and one aperiodic SRS PC process both tied to the PUSCH PC 

· FFS whether range of power offset values P_SRS_offset(m), m=0,1 is extended
· TPC command h(i)
· Rel-11 also supports one aperiodic SRS PC process with separate UE-specific setting for the following parameter:

· FFS if UE specific power offset P_SRS_offset(2) with increased range compared to Rel-8
· UE is expected to switch dynamically between different P_SRS_offest(m)s intended for aperiodic SRSs, according to some eNB signaling 
· The following aspects are FFS:

· Association between aperiodic SRS configurations and {h(i), P_SRS_offset(2)}

· Procedure for signaling h(i)

· Range for P_SRS_offset(m) 
One common aspect in all of the above proposals is the support for SRS transmissions targeting different sets of TPs/RPs. However, the means for achieving such separation of DL and UL association points of SRS transmission could not be agreed. 

As the issues associated with SRS TPC in support of DL/UL CoMP have already been extensively and repeatedly discussed, this contribution focuses on an overview of the technical issues that need to be addressed by SRS TPC and on a comparison of the tradeoffs associated with the proposals.  

2 SRS TPC Enhancements 
In CoMP scenario 4, CRS can be transmitted in an SFN fashion by all nodes. The consequence of this on RSRP and path-loss (PL) 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 PL measurements and SRS transmissions in the UL. If the SRS transmission power is based on a PL measurement derived from the SFN combined CRS, it will obviously underestimate the PL. For example, as illustrated in Figure 1, 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 PL measurement will incorrectly indicate that the PL also decreases which is a fundamental contradiction. Moreover, due to the difference in transmission powers between the CSI-RS from an RRH and the SFN-CRS from all nodes, the erroneous measurement can be tens of dBs. The compensation for such errors in PL estimation is neither practically feasible nor desirable to rely on TPC commands as the time and PDCCH overhead required are prohibitive. A similar problem exists for CoMP scenario 3 for UEs located in the range expansion area but the size of the erroneous measurement is typically much smaller than in CoMP scenario 4.
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Figure 1 OL PC in CoMP scenario 4
Even if TPC commands were to be relied upon to correct very large errors in PL estimation from using SFN-CRS in CoMP scenario 4, it would still not be functionally possible to support DTX/DRX operation which is the most frequent one for a UE. A functionally similar situation occurs when a UE reports an empty buffer through a latest BSR. The network may then choose to configure periodic SRS transmission with very large periodicity, or even disable it and rely on aperiodic SRS (A-SRS) when the UE sends a positive SR or a BSR indicating data to transmit at a later time. In these cases and with CRS based RSRP reporting, it is simply infeasible for a network to adjust the UL transmission power for a UE with TPC commands. It is noted that for typical cases where 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 the UE a new CSI-RS configuration is not needed and an associated delay in measurements is not applicable. Neither Proposal 2 nor Proposal 3 resolves the above functionality flaws.
Finally, it is noted that RAN4 simulation results clearly indicate that CSI-RS based RSRP measurements satisfy the performance requirement for CRS as long as the measurement interval is 400ms or more [1]. Therefore, there is no RSRP accuracy issue to adopt CSI-RS based PL estimation in UL SRS PC. 
Observation 1: In CoMP scenario 4, it is essential for a UE to perform PL measurements based on a CSI-RS.
3 Support of Separation of DL and UL Association Points
SRS can be used in TDD networks to obtain more accurate CSI (PMI) and provide DL throughput gains for DL CoMP (e.g. [3, 4]) over conventional CSI feedback based on CRS/CSI-RS, to reduce 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 ePDCCHs. 
TP/RP collocation may not always exist, particularly in het-nets. For SRS transmissions, although the PL for computing data/DMRS transmission power in a PUSCH may consider only RP(s), the PL for computing the SRS transmission power should consider both TP(s) and RP(s). The PL difference between the transmission powers of SRS and data/DMRS in a PUSCH may be absorbed in 
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 and be transparent to a UE. However, increasing the range of 
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 (to the high end) may be needed.
Observation 2: 
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 may need to be extended to include larger values.

One proposal to support separation of DL and UL points is to define an additional SRS power offset for A-SRS, 
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. In the proposal, for example, 
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 is configured for low-power SRS transmissions which will be used for UL link adaption; and 
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 is configured for high-power SRS transmissions which will be used for DL link adaptation. It was furthermore argued that the additional power offset is beneficial to cope with the case where mono-directional U/DL transmission bursts happen at different time instances. 
In typical scenarios in the heterogeneous networks, the set of TPs is a super set of the set of RPs for a particular UE. In scenarios where bi-directional UL/DL transmissions happen, the high-power SRS is sufficient as it can be listened to by both the TPs and the RPs. If mono-directional transmissions happen in the DL, the high-power SRS is sufficient. On the other hand, mono-directional transmissions of data bursts in the UL are far less likely in practice. Even in such a corner case, PDCCHs/ePDCCHs and TCP-ACKs will be transmitted in the DL requiring proper link adaptation, and hence high-power SRS transmission is necessary.
Furthermore, configuring additional SRS power offset limits the flexibility of configuring A-SRS parameters, e.g., bandwidth, for UL link adaptations. One of the motivations for introducing the DL DCI triggering of A-SRS in Rel-10 was to improve A-SRS resource utilization by configuring different parameters to DL DCI formats and DCI format 0 in case a UE does not support or is not configured for UL MIMO. Without this additional configurability, and when A-SRS triggered by DL DCI formats are used for DL CSI measurement (with setting a high power), only one parameter set configured for DCI format 0 can be used for UL link adaptation. This would significantly reduce scheduling flexibility of A-SRS or increase overhead as eNB needs to plan more A-SRS subframes to resolve collisions of multiple UEs’ A-SRS.
Observation 3: The Additional SRS power offset (m=2) does not have a good use case; furthermore, it reduces scheduling flexibility of A-SRS or increases overhead. 
Another issue related to the use of SRS in TDD for DL CoMP or for ePDCCH beamforming is the application of separate/additional TPC commands applicable only to SRS transmissions (not applicable to PUSCH transmissions). As accurate CSI is a key for achieving throughput gains from DL CoMP or spectral efficiency gains for ePDCCHs from beamforming and as an SRS transmission may experience different channels to TPs and to RPs, separate/additional TPC commands may be used for SRS transmission relative to data/DMRS transmission in a PUSCH. 
Having separate/additional TPC commands for SRS effectively requires two SRS TPC processes (a first tied to the PUSCH one and a second independent of the PUSCH one). If the set of TPs and the set of RPs are identical, then obviously only one SRS TPC process is sufficient. If the set of TPs (RPs) is a super set of the set of RPs (TPs), then again only one SRS TPC process is sufficient as the SRS TPC can adjust SRS transmission power to reach the super set. Even in a not-likely case where the respective sets of TPs and RPs contain different nodes (that is, there is a TP that is not an RP and there is an RP that is not a TP), one SRS TPC to adjust the SRS transmission power to reach the union of the two sets will be sufficient.  Hence, in all identified CoMP scenarios, a single SRS TPC process can be used. 
Observation 4: An additional TPC process for SRS transmissions intended to TPs is not necessary.
4 Conclusions
This contribution considered aspects of SRS TPC for purposes related to DL/UL CoMP in het-nets in TDD. Based on respective analysis, the following proposals are proposed:
Proposal 1: Path-loss measurements can be configured to be based on CSI-RS. 
Proposal 2: The same TPC process, with extended values for 
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, is used for SRS transmissions and PUSCH transmissions.
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