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1 Introduction

Important SRS transmission enhancements were introduced in Rel-10 including aperiodic SRS triggering by PDCCH and support of SRS transmissions from multiple UE antennas. As CoMP-based transmissions or further improvements in spectral efficiency in Rel-11 rely on the availability of additional or more frequent CSI from UEs, especially in TDD, the SRS functionality will continue to increase. Efficient utilization of SRS resources and SRS overhead reductions are therefore fundamental and should be considered for SRS enhancements in Rel-11. 

In [4], the necessity for introducing slot number offset signaling in case of DL CoMP is demonstrated. The dynamic indication of the slot number offset allows DPS operation in case where a macro cell and pico cell(s) use different subframe offsets to avoid mutual collisions between the synchronization signals and the PBCH. For UL CoMP, dynamic signaling of the slot number offset is not necessary because UL DPS was not adopted in Rel-11; however, RRC configuration of the slot number offset is still necessary to support unequal UL/DL point association in het-nets. 
This contribution considers SRS enhancement requirements and RRC configuration aspects for the subframe number offset of UL DMRS. 

2 SRS Enhancements
2.1 Non-Contiguous (Clustered) SRS Transmissions
For PUCCH transmission with UL CoMP, although the detailed support is currently under discussion, the resource partitioning in Figure 1 needs to apply to avoid PUCCHs from macro-UEs interfering with PUCCHs from RRH-UEs. 
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Figure 1: Resource Partitioning for UL CoMP.
With respect to SRS transmissions from RRH-UEs, the problem is the obvious fragmentation of the PUSCH BW which is no longer contiguous (this fragmentation may be further increased in later releases if MTC UEs are also supported). Although for the PUSCH clustered transmissions can be used to utilize all BW (peak rates are nevertheless affected as the number of clusters is limited to two), this is not possible for Rel-10 SRS transmissions which are contiguous in BW. 

Sounding the entire UL BW for RRH-UEs is problematic because the network may not support puncturing of the last PUCCH subframe symbol (such puncturing is not supported in Rel-10 for PUCCH Format 2) and, even if wideband SRS transmission could be supported, the respective energy would be wasted in PRBs used for PUCCH transmissions thereby decreasing the CSI accuracy at the NodeB. Limiting the SRS transmission only in the interior part of the UL BW would obviously affect scheduling and power control for PUSCH transmissions at the exterior part of the UL BW and reduce the usefulness of SRS for other functionalities such as time tracking and DL CoMP. 

Supporting clustered SRS transmissions is trivial and does not involve additional complexity (all aspects are practically the same as for clustered DMRS transmissions in Rel-10).

Observation 1: It is important for UL operation (and for DL operation in TDD) to support clustered SRS transmissions. 

2.2 SRS Overhead Reduction
Reducing SRS overhead is always an objective as it directly translates to UL throughout gains. In Rel-11, this is further motivated from UL CoMP (or even DL CoMP in TDD). Then, the number of orthogonal SRS resources for a UE is equal to the number of respective UL CoMP cells (or DL CoMP cells in TDD). For example, for UL CoMP and a total of 
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 UEs with SRS transmissions, if 
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 of these UEs participate in UL CoMP over an average of 
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 cells, the relative increase in the number of required SRS resources is 
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. For 50% of UEs participating in UL CoMP over an average of 2 cells, this increase is 50%. Even if these additional SRS resources can be provided by Rel-10 means, the associated overhead increase is substantial (as an SRS resource is reserved in multiple cells). This is independent of SRS capacity issues which can still be severe, even assuming SAP transmission, particularly in TDD where the number of UL subframes per frame can be small while SRS capacity enhancements are needed the most.
Two ways exist for reducing SRS overhead; either by increasing its multiplexing capacity or by using available DMRS CS in a PUSCH to multiplex DMRS that is not associated with data and serves only as SRS [1]. Having non-orthogonal SRS multiplexing is another option but it has several important disadvantages and is not further considered.
Further increasing the SRS multiplexing capacity by using all CS values for each of the two combs may only be of very limited scope (e.g. may only apply when all UEs experience frequency flat channels). For the SRS sequence duration of 66.67/RPF sec, RPF=2 and 8 CS, the CS separation is 4.167 sec. Even without considering timing errors and filtering transients, this CS separation is not adequate for TU/SCM type channels where only 3 CS/comb can be supported. However, a 4.167 sec CS separation may suffice for frequency flat channels (although the impact of inter-CS interference, due to filtering transients, on the channel estimate should be evaluated especially for high SINRs). 

Using available DMRS CS values in a PUSCH to multiplex DMRS for sounding may provide considerable SRS overhead reduction as DMRS is allocated 2 symbols per subframe in every subframe for a total of 14.3% of the UL resources (i.e. several times more UL resources than for Rel-10 SRS). Therefore, if a part of available DMRS resources can be used for sounding, more sounding opportunities can be accommodated without introducing additional overhead (or an existing SRS overhead can be reduced). The additional DMRS interference from multiplexing several DMRS is not an issue as such multiplexing is already the case with UL MU/SU-MIMO and it is fully under network control.
Multiplexing DMRS for sounding purposes can be semi-static by network configuration (RRC signaling) or dynamic by PDCCH (e.g. empty UL grant) [1]. The following properties are identified for these two approaches: 
a) Network configuration: Simple to specify. Sounding is limited to SPS resources (may provide wideband CSI).
b) PDCCH: More complex to support and specify. It can opportunistic (i.e. only when PDCCH resources already exist) but then it may not be consistent. Sounding can be over variable BWs (including large BWs). 
Support of DMRS multiplexing for sounding purposes by network configuration is simple, may require minimal specifications, and should be supported as it provides the network more freedom in controlling SRS overhead. It is noted that the sequence design in [2] is also highly beneficial as it can achieve full flexibility in multiplexing DMRS for sounding purposes in a semi-static manner.
Observation 2: DMRS multiplexing for sounding purposes in a PUSCH can be a significant source of SRS resources. The specification requirements in Rel-11 can be minimal (e.g. only by RRC) and existing implementations can be used.
2.3 UE-Specific SRS Sequence and Subframe Configuration

The use of a UE-specific virtual cell ID X to substitute physical cell ID 
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 for generating the SRS sequence and hopping pattern was suggested in several contributions and was discussed through a WF [3]. One motivation of a UE-specific virtual cell ID is for enabling SRS transmission in a same subframe from UEs associated with different TPs (e.g. macro and RRH) while avoiding the interference that would occur if the respective SRS sequences where generated based on the physical cell ID 
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. Another motivation is for providing cell splitting gains for CoMP scenario 4. If a virtual cell ID is UE-specifically configured to a UE for SRS transmission, it is beneficial that it is configured independently from the ones for the PUSCH DMRS or for the PUCCH as the intended operating scenarios can be different (e.g. an SRS may also be associated with a TP without a corresponding RP). 
It is noted that although beneficial, a UE-specific virtual cell ID for the SRS sequence generation is not essential as interference avoidance of SRS transmissions associated with different RPs/TPs can be simply enabled by a network configuring respective UEs for SRS transmissions in different subframes (interference co-ordination in time domain instead of code domain). This is anyway required for SRS transmissions from legacy UEs. However, for CoMP scenario 4, a UE-specific virtual cell ID can be beneficial to provide cell-splitting gains and increase SRS capacity particularly in TDD systems where the number of UL subframes per frame can be small. Therefore, a UE-specific virtual cell ID is beneficial in this case for improving SRS capacity or for reducing SRS overhead. 
Observation 3: Configuring a UE-specific virtual cell ID for generating the SRS sequence and hopping pattern may be beneficial for a network operation. 

If a UE-specific virtual cell ID is configured for generating the SRS sequence and hopping pattern, then this effectively corresponds to operation in a virtual cell and the physical cell-specific SRS subframe configuration should also be changed to a virtual cell-specific one. This simply implies that the SRS subframe configuration (and therefore the parameters Toffset and TSRS) should also be UE-specifically configured (this would align the respective periodic SRS hopping patterns). Assuming that a UE association with an RP is based on minimum required transmission power, no new interference issues between SRS and PUSCH or SRS exist. 

Observation 4: If a UE is configured with a virtual cell ID for SRS transmission, it should also be configured with a UE-specific SRS subframe configuration.

3 Subframe offset configuration for UL signals
In CoMP scenario 3, a UE can be associated with a macro in the DL and with a pico in the UL. In this case, Rel-11 allows the eNB to configure the physical cell ID of the pico as a virtual cell ID for the UE’s base sequence generation so that the UE can transmit UL signals to the pico and its UL DMRS can be orthogonally multiplexed with the UL DMRS of pico UEs. When the network assigns different slot numbers to the macro and the pico(s) for PSS/SSS/PBCH collision avoidance, it is necessary that a UE having the macro as a TP and a pico as a RP transmits signals using a slot number aligned with that of the pico in order to perform orthogonal SDMA with pico UEs. 
For UL DMRS, two virtual cell IDs have been introduced, one for base sequence generation and the other for cyclic shift hopping. For the full flexibility of the virtual cell ID configurations, separate configuration of different subframe offsets associated with each of the two virtual cell IDs is necessary. The two subframe offsets can be RRC configured, and the range of the subframe number offset can be [-4, 4]. 
4 Conclusions

This contribution considered potential SRS enhancements in Rel-11 in order to increase the functionality and utilization of SRS transmissions while avoiding introducing additional resource overhead and proposes the following: 

Proposal 1: Clustered SRS transmissions should be supported. 

Proposal 2: A network can configure DMRS multiplexing for sounding purposes in a PUSCH.

Proposal 3: A UE is configured two subframe offsets for UL DMRS transmission; one for the base sequence index and the other for cyclic shift hopping. 
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