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1. Introduction

Early on in the Rel-10 study phase it became clear that the Rel-8 SRS design needed to be enhanced to support a larger number of RRC connected users, and multiple antenna ports for UL spatial multiplexing. As a result, some new SRS features were adopted in Rel-10 including:

· Aperiodic SRS (A-SRS) transmission

· One-shot sounding in response to a positive A-SRS trigger contained in configured DCI formats

· Triggering in UL grants and selected DL DCI formats 1A (FDD/TDD), 2B/2C (TDD) when configured. 
· Configuration of A-SRS transmission opportunities via the A-SRS periodicity and subframe offset. 
· Multiplexing of antenna ports for periodic and aperiodic SRS transmission by a combination of cyclic shift and transmission comb.

RAN1 could not agree on further design aspects, such as multi-shot SRS, frequency hopping and sounding in the DMRS region, partly due to lack of time for a comprehensive technical evaluation of these proposals. Consequently, the RAN plenary WG approved a study item (SI) for Rel-11 enhanced UL transmission [1] with the highlighted objectives for SRS:   
· Study and evaluate enhancement of the uplink reference signals, e.g.
· Frequency hopping with or without multi-shot SRS

· Aperiodic sounding based on non-precoded DMRS

· RS enhancement for cell-edge UEs, e.g., Orthogonal DMRS among cells  

This contribution considers possible sounding enhancements for Rel-11. 
2. Discussion
2.1. Enhancements for A-SRS

Wideband sounding provides the eNB scheduler with the optimum flexibility of where to schedule a UE to reap the expected frequency dependent scheduling gains associated with UL SU-MIMO transmission. On the other hand, wideband sounding limits the SRS capacity and the channel estimation accuracy depends on the UL transmit power constraint. For Rel-10 the SRS transmit power is divided equally across the configured antenna ports. This implies that to maintain the same channel estimation accuracy per antenna port as in a single antenna mode transmission there is a proportionate increase in SRS power. Therefore, to achieve the twin requirements of wideband sounding and acceptable channel estimation performance, frequency hopping of aperiodic SRS transmission should be studied. 

An analysis of frequency hopping was presented in [2], where it was shown that the signaling overhead incurred by frequency hopping could be mitigated by multi-shot sounding, wherein a single positive A-SRS trigger is used to indicate a sequence of A-SRS transmissions. It is recommended that RAN1 study the benefits of frequency hopping in conjunction with multi-shot sounding from the perspective of DL signaling overhead, channel estimation performance, and scheduling gains. In addition, and as a lower priority, we propose a study of multi-shot sounding for coverage enhancement, which was not fully studied in Rel-10. 
Proposal:

To reduce signaling overhead associated with A-SRS sounding and maintain adequate channel estimation accuracy
· Study the benefits of frequency hopping in conjunction with multi-shot sounding
· Impact on DL signaling should be evaluated. 

· As a lower priority study the benefits of multi-shot sounding for coverage enhancement.

2.2. Sounding in DMRS region
Sounding in the DMRS region was initially proposed in the Rel-10 timeframe as one technique to increase sounding capacity. Two possible use cases where mentioned in [3], [4] and are shown in Figure 1.
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Figure 1 Sounding overlay in DMRS Region: (a) Equal PUSCH/SRS bandwidth, (a) Unequal PUSCH/SRS bandwidth
In Figure 1(a) a UE can be configured for sounding on the DMRS symbols of a set of PRB pairs, which have been allocated to another UE for PUSCH transmission. This can be viewed as a MU-MIMO pairing but with only one UE transmitting on PUSCH. Consequently, the demodulation performance of the primary (PUSCH) UE is similar to what is obtained for a true PUSCH MU-MIMO pair. A disadvantage is the increased signaling overhead because the eNB has to send an “empty” UL grant because the grant does not schedule data transmission on the PUSCH. In essence this can be viewed as sounding-without-data transmission on the PUSCH.
An alternative use case for Figure 1(a) is where a PUSCH UE is signaled to transmit DMRS without a directional precoder i.e. full rank precoding for a 2-Tx or respectively, a 4-Tx UE. In effect, rank adaptation is disabled and no precoding gain is exploited for the demodulation performance. On the other hand the impact on specification is limited to an indication of the full rank PMI to the UE regardless of the number of signaled codewords to transmit. Note that this scheme is only applicable to a UE configured for multi-antenna sounding as the single antenna case is simply equivalent to Rel-10 A-SRS transmission. It can be observed from Figure 1(a) that the sounding bandwidth and location are constrained to be the same as the PUSCH allocation. Therefore, the frequency dependent scheduling benefits of this scheme are unclear and it needs further study.
The second case is shown in Figure 1(b) where no restriction is placed on the sounding bandwidth. The PUSCH bandwidth is smaller than the SRS bandwidth in this example. The DMRS and SRS sequences are not orthogonal since they are of different lengths. Thus, to reduce the intra-cell interference on the DMRS, OCC can be applied between the sounding UE and the PUSCH UE. Note that the signaling overhead is also increased for a sounding-only UE. Therefore, a few areas for further study include:

· Justify the need for increased sounding resources in Rel-11.

· Evaluate the increase in signaling overhead

· Signaling aspects for indicating a sounding-without-data transmission on the PUSCH.

3. Conclusion

This contribution presented our views on the areas for study on enhancements to UL sounding in Rel-11. Specifically, we propose that:
· To reduce the signaling overhead that is associated with A-SRS sounding and maintain adequate channel estimation accuracy
· Study the benefits of frequency hopping in conjunction with multi-shot sounding
· Impact on DL signaling should be evaluated. 

· Justify the need for increased sounding resources in Rel-11.

· Evaluate the increase in signaling overhead

· Signaling aspects for indicating sounding-without-data transmission on the PUSCH.
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