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1. Introduction

Several details of aperiodic SRS configuration were agreed at RAN1 #63 including transmission timing, size of the SRS trigger field in UL DCI formats and the definition of up to three RRC-configured parameter sets (see [1] for further details). One critical missing feature is how to multiplex multiple antenna ports when aperiodic sounding is triggered (this feature is also missing for periodic multi-antenna sounding). Furthermore, we consider a refinement of the size and content of the RRC-configured parameter sets, one of which is indicated by the SRS request field in DCI format 4.
2. Discussion
2.1. Multiplexing of antenna ports for sounding
An outstanding issue for the Rel-10 sounding procedure is how to multiplex sounding from multiple antennas. It could either be based on a combination of the transmission comb and cyclic shift (CS) or be based solely on the CS. For CS-only multiplexing the UE determines the CS value for all Np antenna ports as 
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where 
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 is the dynamically signaled (or semi-statically signaled in the case of DCI format 0) CS and 
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 is a pre-determined offset, e.g. for Np = 4
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= 0, 4, 2, 6. One motivation to consider a combination of CS and comb is to improve the orthogonality between antenna ports similarly to the UL DMRS, where antenna ports are multiplexed using a combination of CS and OCC. A few reasons why the CS-comb multiplexing may not be as important include
· The transmission comb can be used to multiplex narrowband and wideband sounding UEs within the same bandwidth and also to enable frequency hopping. Therefore, there is a trade-off between the orthogonality factor and SRS resource management.
· Qualitatively, when sounding is used for link adaptation and scheduling it is effectively quantized to one of the first 29 MCS entries of Table 8.6.1-1 of [2]. This 5-bit quantization implies that the impact of a reduced degree of orthogonality on link adaptation may not be as severe as its impact on channel estimation error for demodulation, where from an implementation perspective a much finer resolution can be obtained for the channel estimate. We acknowledge, however, that for applications requiring channel reciprocity it may be an issue. Nevertheless, we believe that there is a greater benefit to Rel-10 SRS resource management of separating wideband and narrowband users within the same bandwidth.   
Proposal: 
1) Multiple antenna ports are multiplexed by configuring a base CS parameter via L1 or RRC signaling. 

· Consider CS in conjunction with the transmission comb if performance issues are observed for CS-only multiplexing.
2.2. Configuration details for DCI format 4 
For DCI format 4 it was agreed in [1] that three parameter sets shall be semi-statically configured via RRC signaling for aperiodic SRS transmission. The selected parameter set is indicated by one of the SRS request values “01”, “10” and “11” in DCI format 4. Each parameter set contains the following parameters
· SRS bandwidth
· Frequency domain position

· Transmission Comb

· Cyclic shift

· SRS hopping bandwidth (if hopping is supported)
· Duration (if multi-shot SRS is supported)

· Number of antenna ports
· FFS if number of CCs and indices of CCs are indicated by DCI format 4.

During online discussions, it was also agreed to investigate a reduction in the number of parameters contained in each set. In our view, it is desirable to minimize the eNB complexity by reducing the multiplicity of configuration options because some of the parameters may end up being the same for each set. Towards this goal, we consider the necessity of dynamically signaling each parameter:

1) Cyclic shift: is necessary for multiplexing users and/or indicating a base CS for multiplexing antenna ports.
2) Transmission comb: a primary use case for the transmission comb in Rel-8/9 is to multiplex narrowband and wideband UEs in the same sounding bandwidth. As such a common value for the comb should be sufficient for a specific UE. Therefore, our view is that use cases for dynamically signaling the transmission comb should be clearly justified. 

3) SRS bandwidth: the sounding bandwidth is configured partly based on the UL geometry and the number of configured SRS antenna ports Np in order to achieve acceptable CSI quality. Given that the geometry is not expected to change fast enough to require L1 signaling, there is no need to dynamically change the SRS bandwidth for each parameter set. Given that the transmission comb may be used to multiplex narrowband and wideband sounding UEs it is preferable to jointly apply either common RRC signaling or dynamic signaling in each parameter set for both transmission comb and SRS bandwidth.
4) Frequency domain position: Rel-8/9 frequency hopping allows sounding of up to six BW parts. Including this parameter implies that only three unique BW parts can be indicated by DCI format 4 which may not be sufficient for exploiting frequency selectivity. As such dynamic indication of this parameter may not provide significant gains in frequency dependent scheduling. 
5) Number of antenna ports: it was agreed that the number of antenna ports 
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configured for aperiodic sounding can be different from the number of antenna ports configured for PUSCH Mode 2. Our view is that once 
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is configured it should be the same for any aperiodic SRS transmission. One reason for this is as follows

· A UE that is semi-statically configured for PUSCH Mode 2 (UL SU-MIMO) can dynamically switch to single antenna transmission if it detects a PDCCH conveying DCI format 0. Since in this case Np is anyway fixed when sounding is triggered using DCI format 0 we propose that Np is RRC configured as common for all parameter sets. 

6) Hopping bandwidth and Duration: if supported, the hopping bandwidth and duration can be RRC configured as common for all parameter sets. 

7) Number of CCs: Since CA configuration is independent from aperiodic SRS configuration it is preferable to separate the two issues by the independent configuration of aperiodic SRS for each serving cell as captured in the current Rel-10 specification [2].  
3. Conclusion

Some outstanding details for Rel-10 sounding were addressed in this contribution. We propose that
· Multiple antenna ports are multiplexed by configuring a base CS parameter via L1 or RRC signaling. 

· Consider CS in conjunction with the transmission comb if performance issues are observed for CS-only multiplexing.
· For reduction of the parameters contained in the aperiodic parameter set indicated by the SRS trigger in DCI format 4:

· Independent configuration of the cyclic shift in the three parameter sets. 
· The transmission comb and SRS bandwidth may also be considered if the use case is justified. 
· All other aperiodic SRS parameters are RRC configured as common to all parameter sets.
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