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1. Introduction
To obtain the CoMP gain in UL/DL, some enhancements on UL RS seem necessary. UL DMRS enhancement had been discussed a lot in RAN1 meetings, and UE-specific DMRS sequence was agreed at the RAN1#67 meeting. SRS enhancement, which is also important for both UL transmission and DL transmission, has some common concerns as those in UL DMRS discussion. In this contribution, we present our views on the necessity and approach of UL SRS enhancement.
2. Discussion on SRS enhancement

2.1. Orthogonal SRS among cells
In [1], link and system level results for UL SU-MIMO with SRS based channel sounding were provided. It is shown that SU-MIMO gain in cell edge is limited due to inter-cell SRS interference and the SRS link budget in large cell. In UL CoMP scenarios, SRS should be received in multiple points to obtain CSI for UEs scheduling, e.g., selection of reception points and link adaption. The interference among points should be reduced for these scenarios otherwise the gain of UL CoMP will be degraded.
In DL CoMP transmission in TDD system, SRS performance will also greatly impact the CoMP gain. Especially for cell-edge UEs which benefit from CoMP gain more significantly, SRS may become a bottleneck of performance. In [2], we provided simulation results to show that with TDM based SRS, the SRS estimation SINR as well as CoMP performance can be greatly improved. Therefore, orthogonal SRS among multiple cells should be considered as well as DMRS for both UL and DL CoMP. 
Cooperative SRS scheduling among multiple cells would be beneficial to reduce the interference by scheduling colliding SRS in different time-frequency/code resources. But the SRS resources may be a problem if SRS from multiple cells is jointly scheduled. Since SRS base sequence is generated according to cell ID, SRS of UE allocated in different cells cannot be orthogonal via cyclic shift at the same time-frequency resource, which leads to great scheduling restriction to SRS multiplexing.
As the base sequence of SRS is similar to that of DMRS, the enhancement for orthogonal DMRS sequence among cells can be adopted for SRS if possible. UE-specific base sequence with independent ID configuration can be considered to allow multiplexing SRS via CS from different cells. The sequence generation method of UL DMRS can be reused, so the additional specification effort is tiny. A new higher layer parameter, e.g. virtual cell ID for SRS, can be added to the SRS parameters set to obtain UE-specific sequence. It can be applied for both periodic and aperiodic SRS. For aperiodic SRS this parameter can be independently configured for different parameter sets and dynamically selected via DCI format 4 for scheduling flexibility. 
Proposal 1: UE-specific base sequence should also be considered for SRS to obtain orthogonal SRS among cells.

2.2. Enhancement on SRS capacity
For UL CoMP and DL CoMP in all the CoMP scenarios, UL CSI in multiple points is expected. To keep SRS orthogonality, significant requirement to SRS overhead will arise compared with non-CoMP system. Especially in scenario 4, UEs with higher distribution density will be scheduled by network for UL and DL transmission with multiple RRHs in a cell. It was proposed by many companies to improve the PDCCH capacity to satisfy the increased serving UEs in this scenario. With the same motivation, the enhancement in SRS capacity should also be considered. More scheduled UEs for UL or DL transmission require more SRS resource for UL sounding, especially when channel reciprocity is used for DL. 

In [3], 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 increased. Considering only channel covariance matrix of UL channel is adopted for reciprocity based DL transmission, this enhancement is expected to also work well for DL transmission. Hence, we propose to study extended comb and CS in Rel-11, and other enhancements can also be considered if the corresponding specification impact is acceptable.
Proposal 2: Enhancement of SRS capacity is needed for both MIMO and CoMP transmission.
3. Conclusions

We analyze the necessity and feasibility of SRS enhancement in this contribution. More attention should be paid to SRS enhancement as SRS plays an important role in both UL and DL transmission. To better support UL CoMP and reciprocity based DL CoMP, we propose:

· UE-specific base sequence should also be considered for SRS to obtain orthogonal SRS among cells.
· Enhancement of SRS capacity is needed for both MIMO and CoMP transmission.
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