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1. Introduction
In RAN1 meeting #82, potential SRS enhancement schemes for capacity and channel estimation accuracy have been discussed, with the following agreement and working assumption:
Agreement:

· Specify at least the following SRS capacity enhancements in Rel-13: 

· Increase the number of UpPTS SC-FDMA symbols for SRS

Working Assumption:

· Increase number of combs to 4

· FFS: Max number of CS 

Other enhancement techniques that have been studied in the SI or submitted at RAN1#82 can also be discussed at RAN1#82bis. 

In this contribution, the above two SRS enhancements for EBF/FD-MIMO are discussed, including detailed special subframe configuration and value of maximum CS.
2. Discussion on SRS enhancements
2.1 Increasing the UpPTS SC-FDMA symbols for SRS
In TDD systems, SRS is usually transmitted in UpPTS, which consists of 2 SC-FDMA symbols in our current TD-LTE network. So increasing the number of UpPTS SC-FDMA symbols for SRS is an efficient way to increase the capacity of periodic SRS capacity.
Then coexistence with legacy UEs needs to be studied if the number of UpPTS SC-FDMA symbols is increased. As analyzed in [1], increasing the number of UpPTS SC-FDMA symbols to four or more prevents special subframe (SS) configuration 2/3/4/7/8 for legacy UEs, since no switching time for eNB. The eNB can configure SS config.0 (3:10:1), config.1 (9:4:1), config.5 (3:9:2), config.6(9:3:2) and config.9(6:6:2) for legacy UEs. Furthermore, it is better to keep same DwPTS length for legacy UE and new UE in one cell, to ensure proper multiplexing of legacy UE and new UEs. Therefore, it is proposed that:

Proposal 1: R13 UE and legacy UE are to be configured with same DwPTS length.
To keep the same number of DwPTs for new UEs as legacy UEs, some GP symbols could be converted to UpPTS for SRS. Fig.2 is a coexistence example, where the left picture demonstrates legacy UE and R13 UE with SS configuration of 6:6:2 and 6:2:6, respectively, and the right one shows legacy UE and R13 UE with SS configuration of 9:3:2 and 9:1:4, respectively
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Fig. 2. Coexistence of new SS configuration and legacy SS configuration.
To enable increased UpPTS for SRS, a new UE should read SIB1 message and obtain the legacy SS configuration first, and then some signaling is needed to inform R13 UEs the increased SRS symbols in UpPTS. There are three alternatives for the indication of increased SRS symbols in UpPTS.

Alt.1: RRC signaling indicates to the new UEs how many SC-FDMA symbols are used for SRS transmission in UpPTS. For example, if 9:3:2 is signaled in SIB, eNB may signal new UEs that UpPTS length is 4, then from new UE perspective the SS configuration is 9:1:4. Moreover, if 6:6:2 is signaled in SIB, eNB may signal UE that UpPTS length is 4 or 6, then from new UE perspective the SS configuration is 6:4:4 or 6:2:6.
Alt.2: RRC signaling to indicate to the new UEs that UpPTS is increased for SRS transmission, and the length of UpPTS is fixed in specification e.g., UpPTS length is fixed to be four. In this case, if 9:3:2 or 6:2:6 is signaled in SIB1, the eNB may configure new UEs that UpPTS length is four, namely from new UE perspective the SS configurations are 9:1:4 or 6:4:4 respectively.
Alt.3: no additional RRC signaling, and new UE interprete UpPTS length is four, regardless of SIB UpPTS configurations. For example, if 9:3;2 is signaled in SIB1, the UE interprete SS configuration as 9:1:4. 
From eNB scheduling flexibility point of view, alt. 3 is not very preferred. It is suggested to further downselect between alt. 1 and 2. 
· Proposal 2: RRC signal R13 UE that UpPTS length is increased for SRS transmission

· FFS between alt. 1) UpPTS length is configured by eNB and alt. 2) increased UpPTS length is fixed in specification

· DwPTS length is configured by SIB1 SS configurations.
2.2 Increasing number of SRS transmission combs
Extending the RPF from 2 to 4 provides a doubled SRS capacity in the same bandwidth. As shown in [1], for wider bandwidth SRS transmission like more than 16RB, RPF 4 has almost the same MSE performance with RPF 2 and can greatly improve system performance due to lower probability of inter-cell SRS collision. Following question needed to be addressed about comb=4 is the maximum number of cyclic shifts (CS). To ensure an integral shift samples, the number of CS can be 6 or 12. As SRS enhancement is mainly used in dense scenarios where the delay spread is not so large, keep a larger number of CS provides more multiplexing capacity. While in large delay spread scenarios, eNB can choose part of the CSs (e.g., 6 out of 12 CS) to maintain channel estimation performance. So, we propose a maximum number of 12 for CS, to keep maximum flexibility for eNB.
Proposal 3: confirm the working assumption and define the maximum number of CS as 12.
The RAN2 impacts is that the transmissionComb field is modified for comb = 4. To support maximum 12 CSs, the cyclicShift field also needs to be modified.
There has been quite some discussion that comb=4 is mainly feasible with large SRS BW, therefore it is possible to specify minimum SRS BW for comb =4. However in our understanding the minimum SRS BW can be left to eNB implementation so no strict need of specifying minimum SRS BW.
3. Conclusion
This contribution provides discussion of SRS enhancements on increasing the number of UpPTS SC-FDMA symbols for SRS and transmission comb. Following proposals are made.
For increased UpPTS:

· Proposal 1: R13 UE and legacy UE are to be configured with same DwPTS length.
· Proposal 2: RRC signal R13 UE that UpPTS length is increased for SRS transmission

· FFS between alt. 1) UpPTS length is configured by eNB and alt. 2) increased UpPTS length is fixed in specification

· DwPTS length is configured by SIB1 SS configurations.
For increased Comb:

· Proposal 3: confirm the working assumption and define the maximum number of CS as 12.
The RAN2 impacts is that the transmissionComb field is modified for comb = 4. To support maximum 12 CSs, the cyclicShift field also needs to be modified.
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