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1. Introduction
In RAN1#59bis, SRS enhancement was discussed.  Independent SRS configuration per CC in case of carrier aggregation was agreed.  There are several open issues that are  under email discussion:
· need for dynamic aperiodic sounding

· if so, details

· need for sounding via DMRS

· need for increased SRS multiplexing possibilities

· if so, which methods

· need for multi-cell coordination / randomisation

· which methods if any

· need for precoded SRS

· need for SRS coverage enhancement

· need for non-contiguous SRS transmission

This contribution discusses SRS enhancement for the use of UL channel state information estimation for UL SU-MIMO and other technologies supported in LTE-A.
2. SRS Enhancement
The SRS needs enhancement to support extended MIMO features in Rel-10.  The scenarios required for SRS enhancement were discussed in [1].  The UL SU-MIMO up to 4x4 antenna configuration in Rel-10 requires additional SRS multiplexing capability.  The UL CoMP needs orthogonal or semi-orthogonal sounding RS for the cells in the CoMP set to measure the UL channel state information.  The enhancement of the SRS could extend its support of channel reciprocity to DL MIMO and DL CoMP in TDD and possibly FDD systems exploiting channel reciprocity. The SRS needs to be enhanced to support the CSI estimation in the heterogeneous network deployment. Aperiodic SRS are proposed in [3] to allow the dynamic and on-demand SRS transmission.  Non-contiguous SRS allocation was proposed in [4].  All proposed SRS enhancement schemes intend to support new Rel-10 features or improve the performance in different deployment scenarios.  Our view on the proposed enhancements is as follows: 
· Dynamic aperiodic sounding – In Rel-8, the SRS is transmitted periodically and is configured through higher layer signaling.   The SRS is configured considering the tradeoff between the SRS overhead and the accuracy of the channel state estimation.  In order to provide sufficient accuracy in CSI estimation, the SRS period should be configured inversely proportional to the Doppler. Since multiple users are multiplexed in the same SRS symbol, it is hard to configure SRS periodicity depending on UE mobility.  It is therefore useful to have aperiodic sounding that can be configured on-demand and dynamically.  
· DMRS for sounding –The DMRS are always transmitted with the PUSCH.  The DM RS are also precoded along with PUSCH if it is configured.  It is the eNB’s design choice whether to use DM RS for sounding. It is an implementation issue.  
· Multi-cell coordination/randomization – It is essential to coordinate the SRS configuration among cells in order to support CoMP and Heterogeneous network deployment.  Multi-cell SRS coordination would configure the SRS sequences orthogonally within a cluster of cells.  The coordination of SRS configuration would minimize the SRS cross-interference and thus provide more reliable channel state estimation. Multi-cell coordination is important to support CoMP feature and heterogeneous network deployment. Further randomization of the SRS pattern may help randomize the SRS interference and avoid collision. This may be useful in some cases such as scenarios involving large number of users in synchronous network deployments. 

· Precoded SRS – The SRS is used to estimate the UL CSI and to determine the precoding vector.  A precoded SRS would limit the estimate of the CSI and would not help in the selection of best precoding vector.  Furthermore, sub-band precoding would increase the CM. Thus, the precoded SRS is not helpful.

· SRS coverage enhancement – One of the SRS enhancement objectives is to support CoMP.  The SRS coverage needs to be extended to the neighboring cell eNBs in the CoMP set.  The SRS coverage enhancement would improve the SRS hearability to the neighboring cell eNBs for reliable CSI estimation for the UEs with CoMP feature.  
· Increase SRS multiplexing possibilities – In Rel-8, the SRS sequence is defined by the phase shift of the CAZAC root sequence.  The SRS multiplexing capability is limited by the number of phase shifts supported within the symbol interval with the tolerance of maximal delay spread.  The SRS multiplexing capacity is set to 8 in Rel-8 for a CAZAC root sequence.  Additional SRS repetition factor (RPF) of 2 is supported in Rel-8 to allow additional multiplexing capability of wideband and narrow band SRS.  The narrow band SRS can be used to extend the SRS coverage when the UE reaches the maximum power limit. 

When SRS configuration is coordinated in a cluster of cells to minimize the cross interference, the SRS multiplexing capacity needs to increase to support not only the UEs in the serving cells but also the UEs in the neighboring cells in the CoMP set.  The increase of SRS multiplexing capacity could be done in time, frequency, and code domain.  It is critical to increase the SRS multiplexing capability.  
· Non-contiguous SRS transmission – Non-contiguous SRS transmission is proposed to support clustered SC-FDMA by some companies. In Rel-8 both wideband and subband SRS are supported to derive the channel state information.  The wideband SRS is sufficient to provide the channel state information for the entire bandwidth.  The introduction of subband SRS is to increase the reliability of channel state estimation when the UE reaches the power limit.  Both wideband and subband SRS provide sufficient reference for either wideband or subband channel state estimation.  Therefore there is no need to support non-contiguous SRS transmission in a subframe.  
3. Conclusions
In this contribution, we analyzed the requirement of SRS enhancement to support Rel-10 features, such as UL SU-MIMO, DL MIMO extension, UL/DL CoMP, and heterogeneous networks.   
· Multi-cell SRS coordination and coverage enhancement is critical for the UL channel state estimation at multiple eNBs to support CoMP and heterogeneous network deployments.  
· The SRS multiplexing capability needs to be increased when the configurations of the SRS sequences are coordinated in the cluster of cells.  
· Dynamic aperiodic SRS configuration would provide additional flexibility for SRS.  
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