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1 Introduction

This contribution considers SRS transmission power control aspects as they relate to the application of DL CoMP. In particular, it is examined whether any modifications/enhancements to PUSCH transmission power control are also sufficient for SRS transmission power control or whether additional functionalities are needed for the latter. 

2 SRS Transmission Power Control for UL/DL CoMP
Support for UL/DL CoMP may introduce new requirements for the UL power control operation relative to Rel.10. For UL CoMP, this can affect all UL signal transmissions. For DL CoMP, the relevant signal is the SRS which can be used to obtain more accurate CSI in TDD systems and provide additional DL throughput gains (e.g. [1, 2]) over conventional CSI feedback based on CRS/CSI-RS measurements. The use of SRS for DL CoMP can also avoid the UL overhead for feedback of CSI and of information related to TP association (e.g. multiple RSRP measurements). Moreover, for UE-transparent DL CoMP, legacy UEs may also be supported. 
Orthogonal SRS multiplexing for DL/UL CoMP is a rather trivial issue and the implementation has substantial freedom to support it through the assignment of different subframes and/or different combs for SRS transmissions from different UEs. Using CS is also possible although it requires the restriction of having the same BW size and position. 

DL CoMP
For DL CoMP facilitated by SRS in TDD, 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 the UE may be processed at only at 1 RP (Figure 1). 
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Figure 1: An example of DL CoMP.

In Rel.10, the SRS transmission power 
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 is given as [3]
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where the terminology is as described in [3] and is not repeated for brevity.

The Rel.10 SRS transmission power control links the SRS transmission power to the PL, 
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PL

, a UE measures based on the CRS from the TP of serving cell 
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. This TP is assumed to be co-located and use the same band with the RP of serving cell 
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 (so that the PL measurement is meaningful). 
In Rel.11 TP/RP collocation may not always exist, particularly in a network incorporating macro-nodes and low power nodes (LPNs). Then, due to the imbalance of the transmission powers from the macro-node and the LPN, a UE may be connected to the macro-node in the DL (larger RSRP) and be connected to the LPN in the UL (smaller PL). Several alternatives exist for UL power control in this case [4]. For example, based on implementation-specific mechanisms, the PL difference between receptions at a macro and a LPN can be computed by the network and the parameter 
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 (and 
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) can be set accordingly. As the range of 
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 in Rel.10 ([-8 7] dB) may not be sufficient to cover the PL difference between the macro and the LPN, its negative range may need to be extended (since, based on its DL connection, the UE will compute a larger PL than the actual one). The alternative to extending the range of 
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) by signaling to a UE a PL offset, 
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, and for the UE to compute the PL as 
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 again applies [5].
For the SRS transmission, it may not be appropriate to rely only on increasing the UE-specific component of 
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 or on a PL offset 
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 that may or may not be also applicable to the data/DMRS transmissions in a PUSCH. For example, when a UE has two TPs (a macro-node and a LPN) and only one RP (a LPN), although the PL for computing the data/DMRS transmission power in a PUSCH may be based for reception only at the RP, the PL for computing the SRS transmission power should consider reception at both TPs and use 
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 instead of 
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. This 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 the UE but increasing the range of values (to the high end) for the 
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 may be needed.
Observation1: For both DL CoMP and UL CoMP, 
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 may need to be extended to include larger values.

Another issue related to the use of SRS for DL CoMP is the use of the same TPC command for SRS transmission and for data/DMRS transmission in a PUSCH. As accurate CSI and TP association are key components for achieving the potential throughput gains from DL CoMP and as the channel between a UE and the different TPs may be independent from the channel between a UE and the different RPs, additional or independent TPC commands may be used for SRS transmission than for data/DMRS transmission in a PUSCH. 
Observation 2: For DL CoMP, additional TPC commands may be needed for SRS transmission.

UL CoMP and DL CoMP
Different conditions for the SRS transmission power may apply depending on whether the UE is in both UL CoMP and DL CoMP mode. In most cases this is entirely an implementation issue.
If the TPs for DL CoMP are also the RPs for UL CoMP or if the RPs for UL CoMP are a super-set of the TPs for DL CoMP, the determination for the SRS transmission power may be based on conditions to support UL CoMP. 
If the TPs for DL CoMP are a super-set of the RPs for UL CoMP, the determination of the SRS transmission power may be generally based on conditions to support DL CoMP. 
If the set of RPs for UL CoMP and the set of TPs for DL CoMP contain different nodes, joint UL CoMP and DL CoMP operation becomes more complex but additional mechanisms for the SRS transmission power control do not seem necessary and the ones for UL CoMP or DL CoMP operation seem sufficient. 

Observation 3: Additional mechanisms for SRS transmission power control for joint application of UL CoMP and DL CoMP, relative to only UL CoMP and only DL CoMP, may not be necessary in practice.  
3 Conclusions
This contribution considered aspects for SRS transmission power control in support of UL CoMP and DL CoMP. Based on the respective analysis for the SRS operation in the previous section, the following observations are made.

Observation 1: For both DL CoMP and UL CoMP, 
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Observation 2: For DL CoMP, additional TPC commands may be needed for SRS transmission.

Observation 3: Additional mechanisms for SRS transmission power control for joint application of UL CoMP and DL CoMP, relative to only UL CoMP and only DL CoMP, may not be necessary in practice.  
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