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1. Introduction
SRS enhancements including aperiodic SRS triggering by PDCCH were introduced in Rel-10 to achieve more efficient SRS transmission. With the introduction of CoMP in Rel-11[1], enhanced functionality of SRS should be supported. A discussion of SRS power control is ongoing from the last RAN1 meeting, while other aspects of SRS enhancement are not treated yet. In [2], we discuss SRS power control issues. In this contribution, we share our views on potential enhancements for orthogonality, capacity and parameter configuration of SRS which is an important aspect of CoMP work in Rel-11. 
2. Consideration on SRS enhancement 
Aiming to avoid too much additional standard support and large overhead for CSI feedback, UE transmission of SRS to estimate DL CSI at multiple points exploiting channel reciprocity is one of main categories of DL CoMP feedback mechanisms. In addition, the SRS may also be used to estimate the uplink channel between UEs and multiple receive points of UL CoMP. The enhancement of SRS is therefore necessary for both DL and UL CoMP. In the following, we discuss the possible enhancements from SRS orthogonality, SRS parameter configuration and SRS power control points of view
2.1 SRS orthogonality & capacity enhancement

To avoid the mutual interference, the orthogonality between SRSs and orthogonality between SRS and PUSCH/PUCCH among CoMP/non-CoMP UEs need to be enhanced. In CoMP scenario 3, the SRS interference among UEs only served by low power RRHs is negligible, which requires no additional efforts to guarantee the orthogonality. For UEs possibly served by Macro and RRHs, enhanced interference avoidance schemes are needed. In CoMP scenario 4, where cell splitting gain is expected by reusing same resources between low-power RRHs, the orthogonality of SRS is easily achieved by reusing Rel-10 SRS resource assignment mechanisms. However the limited capacity of SRS will be a bottleneck, leading to larger number of active UEs which need to be supported by conventional macro eNB coverage.  
Based on the above observations, we propose that the enhancement of SRS capacity should be investigated together with SRS orthogonality.

· The orthogonality of SRS could be improved by the coordination of orthogonal code sequence, time and frequency resource. For the code sequence, if SRS from several CoMP UEs within the same cooperating set occupy the same time and frequency resource, the same base sequence could be allocated with different cyclic shifts. Downlink signalling is needed to configure the UEs to initialize the base sequence with a common ‘cooperating set id’, irrespective of the different cell-ids of these UEs. For time resource, well-chosen cell-specific SRS subframes combined with UE-specific SRS subframes could guarantee the orthogonality [3]. And frequency multiplexing could be achieved by allocating different combs or parts of bandwidth.
· The SRS capacity shortage could be alleviated by increasing the number of available code sequences and combs as well as more flexible SRS resource configuration. To increase code sequence resource, the number of cyclic shifts could be increased from 8 to 12 if the channel is not very frequency selective (e.g. channel is less selective within RRH coverage). To utilize frequency resource, transmission combs could be increased. In order to efficiently use limited SRS resources, more flexible SRS triggering and resource allocation are desirable. Enhancement of aperiodic SRS triggering bits in PDCCH could be considered, e.g. increase triggering bits and modify parameters configured by high layers to optimize for CoMP. In addition, more dynamic SRS resource allocation by PDCCH [4][5] could also be beneficial. 
· The SRS capacity shortage could be alleviated by exploiting the resource obtained by DMRS, i.e. using available DM-RS cyclic shift resource that is not associated with data to serves as SRS [6][7]. As discussed during Rel-10, how to multiplex DM-RS for sounding purpose is an important issue. Considering the different requirements of sounding for DL CoMP and UL CoMP, it is beneficial to dynamically trigger/configure such DM-RS by PDCCH to support the flexibility of sounding on variable BWs. 
As for the avoidance of the collision between SRS and PUSCH/PUCCH, time domain coordination among multiple cells is necessary. One simple way is to allocate the same cell-specific SRS subframe within the cooperating set, but it would restrict the time domain flexibility of SRS among different cells. More sophisticated schemes could be considered.  For TDD, the utilization of special subframe could avoid overlap between SRS and PUSCH/PUCCH by configuring CoMP UE to transmit SRS in UpPTS. 
Proposal 1: Enhance SRS resource coordination between multiple points to reduce inter-point interference.
Proposal 2: Increase SRS capacity and introduce a more flexible SRS triggering and resource allocation scheme
2.2 SRS parameter configurations
For DL CoMP, SRS is expected to be received by points in the DL cooperative/measurement set to get downlink CSI and/or determine the DL measurement/transmission set based on channel reciprocity. For UL CoMP, SRS is expected to be received by points in UL cooperative set to get uplink CSI and determine the reception points. Considering the fact that DL CoMP set is not always the same as UL CoMP set, it is beneficial to configure multiple sets of SRS targeting DL CoMP TPs and UL CoMP RPs respectively. The parameter configuration of multiple sets of SRS should take the purpose of SRS into account. For example, more frequent SRS transmission and relative narrow transmission band is required to obtain accurate short term CSI to assist uplink scheduling while sparse and wideband SRS transmission is required to determine the DL CoMP measurement/transmission set. To save the payload of SRS configuration signaling, it is beneficial to indentify one set of common parameters for both UL and DL CoMP, in the meantime optimize specific parameters for UL and DL CoMP respectively, which is similar to parameter configuration for 3 sets of aperiodic SRS in Rel-10. The cell-specific parameters should be common for UL and DL CoMP, while some UE-specific parameters such as UE-specific SRS periodicity, UE-specific subframe offset and number of antenna ports should be configured independently. Another new parameter to be introduced is SRS power offset as discussed in [2].  Further, when multiple sets of SRS are configured, how to trigger SRS becomes an issue since 1 bit in DCI 0/1A or 2 bits in DCI 4 is not sufficient. Adding bits in DCIs already supporting aperiodic SRS triggering as well as DCIs not supporting aperiodic SRS triggering, e.g. other DCIs for downlink assignment, needs further investigation. Besides, a DCI without PUSCH grant to dynamic configure SRS could also be considered. 
Proposal 3: Introduce multiple sets of SRS for UL and DL CoMP. Parameter configuration and triggering mechanism is FFS. 
3. Conclusions
In this contribution, we discussed potential SRS enhancement served for CSI estimation in CoMP, including enhancement of orthogonality, capacity and the parameter configuration of SRS. Based on the analysis above, we propose:
Proposal 1: Enhance SRS resource coordination between multiple points to reduce inter-point interference.
Proposal 2: Increase SRS capacity and introduce a more flexible SRS triggering and resource allocation scheme.
Proposal 3: Introduce multiple sets of SRS for UL and DL CoMP. Parameter configuration and triggering mechanism is FFS. 
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