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1. Introduction
In this contribution we discuss our views on some of the different SRS enhancements being considered for LTE-A:

· DM-RS based Sounding,
· SRS multiplexing capacity improvements,
· Multi-cell coordination / randomization,
· SRS coverage enhancements,
· Non-contiguous SRS transmission.
2. Sounding via DM-RS

In [2], using DMRS symbol for uplink channel sounding is proposed with FFS whether associated control signalling is by PDCCH or RRC. The ability to use un-used DM-RS cyclic shifts for sounding purposes may be useful in principle; however, the impact on scheduled PUSCH UE transmission and limitations of DM-RS based sounding need to further considered. Some issues with DM-RS sounding include:

· Increase in intra-cell and inter-cell interference,
· Impact on scheduled PUSCH UE channel estimation performance, e.g., leakage between cyclic shifts, potentially different PSD between scheduled PUSCH UE and DM-RS sounding UE due to different power control loops, bandwidths, etc., inability to use OCC for separation between layers, etc.
· Sounding bandwidth limited to bandwidth of scheduled PUSCH UE to maintain orthogonality, especially given current state of agreements on OCC and DM-RS sequence/group hopping.
· DL control signalling overhead – need to signal most of the UL grant information --- RB allocation, hopping indication, DM-RS cyclic shift, etc.
· Require PDCCH based signalling for full scheduler flexibility – the added PDCCH load for configuring the DM-RS sounding can result in PDCCH blocking,

· RRC-configuration and periodic/semi-persistent configuration places scheduler constraints, e.g., PUSCH RB allocation matching DM-RS sounding BW - if  DM-RS frequency hopping is enabled, the RBs can only be used for FH UEs with non-adaptive HARQ; need adaptive HARQ for localized PUSCH allocations, etc.  
The constraints, control channel overhead and performance impact concerns seem to limit the use case of DM-RS based sounding. Practical system performance benefits need to be shown taking in to account the potential increase in intra and inter-cell interference, scheduling constraints and control channel overhead. Benefits over dynamic one-shot/aperiodic SRS which is an agreed Rel-10 SRS feature should be demonstrated.
3. Improvements to SRS Multiplexing Capacity

 LTE Rel-8 provides sufficient flexibility with supporting four SRS BWs simultaneously, IFDMA comb structure with RPF=2, and eight equally spaced cyclic time shifts (CS) per comb with a CS spacing of 4.17us. Note the CS spacing is slightly smaller than the normal CP duration of ~4.67us. For the same SRS overhead in cell, the SRS multiplexing capacity can be traded off with channel information feedback rate by appropriately assignment of the SRS bandwidths and cyclic shifts to the UEs. One-shot/aperiodic SRS transmissions can further help in improving the SRS utilization and thus reduce the need for increase in SRS multiplexing capacity.  
For low-delay spread channels, if an increase in SRS multiplexing capacity is needed, it can be easily achieved by doubling the number of supported cyclic shifts, i.e., 16 CS on each comb. This would allow co-existence of Rel-8/9 UEs with Rel-10 UEs on the same comb as Rel-8/9 UEs would appear to be using only the even CS. The minimum SRS bandwidth can be kept at 4RBs or increased to 8RBs.
For high-delay spread channels and/or power-limited UEs, increasing the maximum RPF to 12/16/20 (depending on the SRS bandwidth configuration) can allow a large number of power-limited UEs to perform wideband sounding. This type of power-limited wideband sounding would not necessarily be useful for the purpose of UL frequency selective scheduling, but can be useful for other purposes, such as obtaining broadband average CQI information to support MCS selection for a frequency hopping UE allocation, translating measured uplink long-term channel statistics to the downlink frequency in FDD for DL scheduling [5], or for supporting channel-statistics-based beamforming in TDD.
However, increasing the SRS multiplexing capacity also increases the inter-cell interference and net system performance benefits need to be demonstrated.
4. SRS Multi-cell (CoMP) coordination / randomization
Multi-cell eNB (Intra-eNB) SRS coordination is supported in LTE Rel-8/9 by coordinating the usage of the SRS resources such as cell-specific SRS subframes, SRS sounding region, comb usage etc. UEs requiring coordination can be assigned orthogonal set of resources with the UE’s SRS resources not assigned to other UEs in the cell. 
Benefits of any further coordination related enhancements need to be demonstrated and further studied.
5. Non-contiguous SRS Transmission
The primary motivation for supporting non-contiguous SRS transmission is to support non-contiguous PUSCH resource allocation. However, contiguous wideband SRS transmissions can as well support non-contiguous PUSCH RA and provide greater flexibility in frequency selective scheduling. Power limitation is likely to not be an issue if non-contiguous RA is being considered for a UE. Additionally, with the agreed DM-RS sequence design based on the whole allocation size (which is then split in to clusters) with non-contiguous resource allocations, supporting non-contiguous SRS would place un-necessary constraints/restrictions on SRS scheduling to maintain orthogonality and result in undesirable fragmentation of the SRS resources. 

Thus, we do not see the benefits of supporting non-contiguous SRS transmissions for Rel-10. 

6. Conclusions

The following are our views on other SRS enhancements for Rel-10:

Non-contiguous SRS transmission

· No non-contiguous SRS transmissions with a component carrier.
Sounding via DM-RS

· Benefits over dynamic one-shot/aperiodic SRS (agreed Rel-10 SRS enhancement) should be demonstrated taking in to account the increased in intra and inter-cell interference with DM-RS sounsing, scheduling constraints and control channel overhead.
SRS Multiplexing Capacity

· Doubling the number of supported cyclic shifts, i.e., 16 CS on each comb can be a straight-forward way to increase the multiplexing capacity (orthogonality in low-delay spread channels with co-existence support for Rel-8/9 UEs).

· Net system performance benefits taking in to account the increase in the inter-cell interference need to be demonstrated.
Multi-cell (CoMP) coordination / randomization 
· Rel-8/9 supports intra-eNB coordination of the SRS resources.
· Benefits of any further coordination enhancements need to be demonstrated and further studied.
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