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1. Introduction
SRS enhancement had been discussed for several meetings in Rel-10, and aperiodic SRS was introduced to obtain higher flexibility and transmission efficiency. However, the SRS capacity cannot be improved by aperiodic transmission, and hence new enhancements may be still necessary if current SRS resource cannot meet the requirements of the new MIMO or CoMP scenarios in Rel-11. In [1] [3], we had discussed the necessity of SRS enhancement concerning UL MIMO transmission and importance of SRS orthogonality among points and CSI accuracy for CoMP performance. In this contribution, we share our considerations for SRS enhancement in CoMP scenarios.
2. Discussion
2.1. Usage extension of SRS in CoMP scenarios
In MIMO transmission, SRS was mainly used to obtain the UL or DL CSI for UL or DL data transmission, e.g. for DL beamforming in Rel-9. In CoMP scenarios, CSI feedback of multiple points needs a large amount of feedback overhead for accurate and sufficient CSI. From this perspective, SRS can be a good candidate to obtain CSI of multiple options. To be specified, SRS is useful at least in the following aspects.
· Decision of CoMP sets 
During the evaluation of CoMP Phase1 scenarios, RSRP criterion is a relatively common approach to decide CoMP coordination/measurement sets. Nevertheless, in Scenario 4 with low power RRHs with the same cell ID, RSRP is not an individual feature for each transmission point within the same Macro area. In this case, feedback of channel information reflecting all the potential transmission points will be very complicated and hard to implement. Any new mechanism, such as based on CSI-RS, needs additional specification impact. SRS receive power, which carrying the information of UL pathloss, can be used to estimate the DL pathloss and then decide the CoMP coordination/measurement set associated with DL transmit power. Since the set selection is not very sensitive to accuracy of channel estimation, SRS can work well even with non-ideal channel reciprocity. Also it is an implementation issue if applying SRS, which will not change the current specification. It should be also noticed that this scheme can be applied to all the CoMP scenarios, not limited to only Scenario 4. 
· DL CSI for multiple points transmission 
To support JT transmission in CoMP, CSI feedback of multiple transmission points as well as the inter-point information is required. In TDD system, the information is available at network with the help of SRS, and the feedback overhead can be greatly reduced. 
· Accurate CQI estimation for UL CoMP 
If UL data is received and detected in multiple points, the performance of UL transmission can be greatly improved. Then CQI estimation according to sounding in single point as applied in Rel-10 should be optimized to match the actual transmission. The network can decide the MCS of UL transmission according to joint UL CSI from SRS in all the receive points.
2.2. Motivation of SRS enhancement for CoMP
In TR 36.814 [2], it is described for SRS based feedback in CoMP scenarios that:

UE transmission of SRS can be used for CSI estimation at multiple cells exploiting channel reciprocity. Enhanced SRS schemes may be considered.
It was shown in section 2.1 that SRS transmission for CSI measure at multiple points is important at least for TDD system. Hence, whether current SRS resource and transmission scheme can provide satisfying measurement should be carefully considered. Some initial observations are provided in this section.
To obtain multiple cells CSI in Scenario 1-3, SRS from one CoMP UE will be estimated in both serving cell and each cooperative cell. However, there will be also SRS transmission from UEs in cooperative cell using the same or overlapped time-frequency resources. The SRS estimation for CoMP UE will be significantly degraded due to the interference considering the power of cooperative cell UEs is usually higher than the CoMP UE. Cooperative SRS scheduling among serving cell and cooperative cells can be performed to reduce the interference by scheduling colliding SRS in different resources. Since SRS base sequence is generated according to the cell ID of a UE, SRS of UEs with different cell IDs cannot be differentiated via cyclic shift.  If no enhancement is introduced for base sequence, the SRS orthogonality among UEs in different cells can only be obtained via assigning different subframes or different BWs/combs. This may introduce significant requirement to SRS overhead compared with non-CoMP system. 
In contribution [3], we provided simulation results to show that with TDM based SRS, the SRS estimation SINR as well as CoMP performance can be significantly improved. In addition, CoMP coordination/transmission set can be enlarged for more CoMP gain via more accurate SRS estimation.
In Scenario 4, more UEs will be scheduled by network for UL and DL transmission with multiple RRHs in a cell. It was proposed by many companies in the past meeting to improve the PDCCH capacity to satisfy the increased served UEs in this scenario. With the same motivation, the enhancement in SRS capacity should also be considered. Though the interference among SRS from Macro UEs and RRH UEs in Scenario 3 can be avoided in scenario 4, more resources should be allocated for SRS to keep the orthogonality among these UEs. 
2.3. Considerations on specification of SRS enhancement
· Enhancement on SRS capacity
In [6], a simple and efficient solution to improve SRS multiplexing resources by extended comb and CS was proposed. The SRS capacity can be increased several-fold via using more cyclic shifts or combs. It’s shown that this type of enhancement will hardly impact the performance of UL MIMO transmission while SRS capacity is well increased. Considering only channel covariance matrix/channel eigen-vector of UL channel is adopted for reciprocity based DL transmission, this enhancement is expected to also work well for DL transmission.
· Enhancement on cooperative SRS scheduling

It is shown in above section that cooperative SRS scheduling is very important to reduce SRS interference. Communication of scheduling information among points is necessary for SRS coordination. However, backhaul information exchanges do not require any standardization support for current scenarios since intra-vendor CoMP does not need any backhaul information specified. On the other hand, if cyclic shift can be used for orthogonal SRS scheduling among cells, as complement to FDM/TDM based SRS multiplexing, more scheduling flexibility can be obtained, and the efficiency of time-frequency resource can also be improved in some cases. It requests the same base sequence for SRS multiplexing UEs in different cells [5]. Current scheme to obtain sequence-group and base sequence number can be enhanced to be more flexible. 
3. Conclusions

In this contribution, we consider SRS transmission in different CoMP scenarios and also discuss the issue of SRS enhancement. In CoMP transmission, SRS will play a more important role with extended usages besides beamforming, which brings significant requirements for SRS resources. For orthogonal SRS transmission in one cell or in multiple cells, SRS enhancement especially larger SRS capacity should be studied with the same priority as enhanced PDCCH. The specification impact of enhanced SRS design, e.g. extended CS and/or Comb, and sequence design for cooperative SRS scheduling should be considered.
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