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1 Introduction

Non-codebook based FD-MIMO is promising since eNB could use UL measurements to determine DL CSI from SRS by DL-UL channel reciprocity. Based on feasibility study in [1] it was concluded that SRS enhancements on capacity and channel estimation accuracy are beneficial for EB/FD-MIMO. 
In last RAN1#82 meeting [2], the following were agreed for SRS capacity enhancements to fulfil EB/FD-MIMO requirements.

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, we discuss the specification impact for the above SRS enhancements. 

2 Discussion
2.1 Increasing the number of UpPTS symbols
In current LTE, there is either 1 or 2 SC-FDMA symbols in UpPTS special subframe and both can be used for SRS transmission. Increasing the number of UpPTS symbols for SRS can greatly increase SRS capacity. For example, 50% and 100% increase in sounding resources by adding 1 and 2 symbols in UpPTS. 
If a longer UpPTS is configured then it means the length of DwPTS and/or GP will be reduced. For example, if the length of UpPTS is increased to 4 symbols, legacy UEs shall not be configured with special subframe configuration 2/3/4/7/8 with 10 or more DwPTS symbols since at least 1 symbol is needed for GP to accommodate switching delay and possible propagation delay. Therefore, legacy UE can only be configured with special subframe configuration 0/5, e.g., (3:10:1) or (3:9:2), or special subframe configuration 1/6, e.g., (9:4:1) or (9:3:2), and special subframe configuration 9 (6:6:2) if supported.  

If a duration of 2 OFDM symbols is required for GP, only special subframe configuration 0/5 can be used for legacy UE not supporting special subframe configuration 9, which may lead to serious DL throughput loss of legacy UE [3]. On the other hand, the length of UpPTS can be increased to 10 symbols in case of 3 DwPTS symbols, which can greatly increase SRS capacity. Therefore, to balance DL performance loss of legacy UE and SRS capacity enhancements for new UE, it can be considered to introduce a longer UpPTS only in one of the special subframe SF#1 and #6 but not both. For example, as shown in Fig. 1, SF#1 is reconfigured to 3:2:9 for new UE for SRS but SF#6 is still 10:2:2 used for DL transmission for both legacy and new UEs. In such case, the eNB shall not schedule DL transmission to legacy UE in SF#1 in order to avoid potential collision.
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Fig. 1: Special subframe configuration with additional UpPTS symbols for SRS
Proposal 1: For increasing the number of UpPTS symbols, the special subframe configuration 3:2:9 or 3:1:10 shall be supported. The length of UpPTS could be different for SF #1 and #6 for 5ms switching periodicity. 
For a longer UpPTS, another issue is how to configure additional SRS resources to UE. Currently when two SC-FDMA symbols exist in UpPTS of the giving serving cell, both can be used for SRS transmission and for type 0 SRS both symbols can be assigned to the same UE. When more than two symbols exist in UpPTS, one option is that any two symbols in UpPTS including a combination of legacy and new symbols can be assigned to the same UE for both type 0 and type 1 SRS. Alternatively, UE can be configured with up to two symbols either in additional UpPTS or in legacy UpPTS. Fig. 2 below shows the difference of two configuration options. 
It is noted that inter-cell interference in additional UpPTS and legacy UpPTS symbols could be different highly dependent on neighbouring cell TDD UL/DL and special subframe configuration. Therefore, if option 1 is adopted then SRS transmission power could be different for two symbols. However, for option 2 UE transmits SRS either in legacy or additional UpPTS, same transmission power is used for both symbols and the existing SRS power control mechanism can be reused. Therefore, option 2 is slightly preferred. 
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Fig. 2. Illustration of SRS resource configuration to UE with special subframe configuration 3:2:9
Proposal 2: RAN1 shall decide whether any two symbols in UpPTS including a combination of legacy and additional UpPTS symbols can be assigned to the same UE for both type 0 and type 1 SRS and whether SRS power control shall be different for additional and legacy UpPTS symbols. 

2.2 Increasing number of comb to 4
In theory, increasing the comb or RPF from 2 to 4 could double SRS multiplexing capacity. However, the supported delay spread between two adjacent cyclic shifts is reduced and there could be strong inter-code interference for frequency selective channel. As a result, only half of the 8 cyclic shifts can be used and in such case there is no capacity gain from extended comb. 

To support more user multiplexing with extended comb, one proposal is to change maximum cyclic shift to 6. In such case 50% increase on SRS capacity can be expected. However, it is noted that the separation between two cyclic shifts is reduced from 4.17 us to 2.77 us. Considering non-ideal UL timing advance, the supported maximum channel delay spread is less than 1.5us with max number of CS of 6. Therefore, if one CS (e.g., CS#0) is configured to UE with large channel delay spread it means the adjacent two CSs, e.g., CS#1 and #5 cannot be configured to other UEs. As a result, total number of available CS is only 4, e.g., CS#0, #2, #3 and #4, or less than 4 if one of CS#2, 3 and 4 is configured to another UE with large delay spread. Therefore, the capacity improvement by using extended comb and CS is quite limited. It is preferable not to increase maximum number of CS to 6 if extended comb 4 is supported.
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Fig. 3: CS separation for Max #CS=4 and 6 for extended comb 4
Another issue for extended comb is the coexistence with legacy UE. As discussed in [3] either FDM or TDM based multiplexing can be used for legacy and new UEs with different comb. However, for 4 SRS ports, the port multiplexing is achieved with both CS and comb. Therefore, legacy UE with 4-port SRS may occupy both transmission comb 0 and 1. If different transmission comb is assigned to legacy and new UEs, there is potential collision for 4-port SRS UE. For TDM based multiplexing, legacy and new UEs are assigned with different UpPTS symbols or UL subframes for SRS transmission, and thus the potential resource collision can be avoided. But the network needs to reserve at least one SRS symbol for comb 4 even there is only one new UE in the cell. This may lead to poor resource utilization. 

According to [4], the performance gain from SRS comb extension is quite limited. Less than 5% throughput gain is observed for cell edge UEs when comb 4 is used. The observation is different from [2] and [5] where inter-cell coordination is considered to further reduce the chance of inter-cell SRS interference. Therefore, it can be seen that performance gain from SRS comb extension is highly dependent on whether all the cells in the network use the same comb in the same symbol. If one cell uses comb 4 but another cell does not use it, or both cells use comb 4 but at different symbols, then there will be no performance improvement from SRS comb extension. 
In order to achieve performance benefits of SRS comb extension, it is preferable to have synchronous comb or RPF configuration among all the neighbouring cells. It may be difficult for legacy SRS resources, but it is possible to synchronize extended comb configuration for additional UpPTS symbols. For example, the comb for additional UpPTS symbols is fixed to 4.
Proposal 3: SRS comb extension shall be considered only for additional UpPTS symbols. Maximum number of cyclic shift is limited to 4 if extended comb is configured.
2.3 Aperiodic SRS enhancements

Generally, the improvement on SRS resource management is of equal importance as increasing SRS capacity. Aperiodic SRS introduced in Rel-10 can greatly improve SRS assignment efficiency for multi-antenna UEs by allowing one-shot sounding. However, for aperiodic SRS, although UE can be configured with multiple parameter sets corresponding to different DCI formats trigger, all the parameter sets shall have the same SRS transmission periodicity and subframe offset. Following the same principle as Rel-12 it means UE can only transmit aperiodic SRS in either additional or legacy UpPTS symbols but not both even when the length of UpPTS is increased to 10 symbols. This may not allow to maximize resource utilization of additional SRS resources in the UpPTS special subframe. Therefore, it can be considered to allow UE to transmit aperiodic SRS on multiple symbols in UpPTS based on trigger command. 
3
Conclusion

In this contribution, we discuss the specification impact for SRS capacity enhancements considering both periodic and aperiodic SRS. We have the following proposals:

Proposal 1: For increasing the number of UpPTS symbols, the special subframe configuration 3:2:9 or 3:1:10 shall be supported. The length of UpPTS could be different for SF #1 and #6 for 5ms switching periodicity. 
Proposal 2: RAN1 shall decide whether any two symbols in UpPTS including a combination of legacy and additional UpPTS symbols can be assigned to the same UE for both type 0 and type 1 SRS and whether SRS power control shall be different for additional and legacy UpPTS symbols. 

Proposal 3: SRS comb extension shall be considered only for additional UpPTS symbols. Maximum number of cyclic shift is limited to 4 if extended comb is configured.
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