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1. Introduction
 In RAN1#60, it was agreed that dynamic aperiodic SRS is supported.  Discussion on resource allocation for aperiodic SRS continued after RAN1#60.   Further agreements on aperiodic SRS were made in RAN1#60bis as follows:  
· In case of aperiodic sounding, triggering is at least by PDCCH UL grants

· FFS how many bits / code points in the DCI message are used (i.e. including whether a PUSCH grant is given at the same time). 

· Triggering in DL assignment is FFS

· Details of what is triggered are FFS
Several remaining issues on SRS enhancement are still open, as follows:
· need for sounding via DMRS

· need for increased SRS multiplexing possibilities

· if so, which methods

· need for multi-cell coordination / randomization

· which methods if any

· need for SRS coverage enhancement

· need for non-contiguous SRS transmission

This contribution discusses SRS enhancement to support UL CSI estimation for UL SU-MIMO and other aspects of LTE-A.

2. SRS Enhancement

The aperiodic SRS was agreed in order to allow the eNB to configure the SRS on demand.  The aperiodic SRS should be dynamically assigned through a pre-configured SRS resource pool and provide statistical multiplexing gain of resource utilization, as discussed in [6].   
SRS enhancement is also needed to support UL SU-MIMO up to 4x4 antenna configuration in Rel-10.   UL SU-MIMO requires SRS for each antenna port in order to estimate the UL channel state information for each antenna.  The SRS multiplexing capability needs to be increased for the multiple antenna case.  
UL CoMP will need SRS enhancement to enable reliable inter-cell measurement.  
Enhanced SRS could be used to support DL MIMO and DL CoMP in TDD and possibly FDD systems exploiting channel reciprocity. 
SRS enhancements could also be useful to support CSI estimation in heterogeneous network deployments. 
Non-contiguous SRS allocation was proposed in [5].  All proposed SRS enhancement schemes intend to support new Rel-10 features with forward-compatibility for future support of CoMP or to improve the performance in different deployment scenarios.  
Our views on the possible proposed enhancements are as follows: 
· Multi-cell coordination/randomization – It is essential to coordinate the SRS configurations between different cells in order to support CoMP and Heterogeneous network deployments.  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. 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. 

· SRS coverage enhancement – One of the SRS enhancement objectives is to support inter-cell measurements for UL channel state estimation for CoMP and heterogeneous network deployments.   SRS inter-cell measurement could be used for DL CoMP in TDD system or FDD as part of long-term channel correlation derivation.   The SRS coverage would need to be extended to the neighboring cell eNBs in the CoMP set or cooperative set in heterogeneous network, to improve the SRS hearability at the neighboring cells for reliable CSI estimation.  

· 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 after taking into account the maximum delay spread.  The SRS multiplexing capacity is set to 8 in Rel-8 for a CAZAC root sequence.  An 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 the SRS configurations are coordinated in a cluster of cells to minimize the cross interference, it would be useful to increase the SRS multiplexing capacity 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.    
· Non-contiguous SRS transmission – Non-contiguous SRS transmission is proposed to support clustered DFT-precoded-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 subband SRS can be used to improve 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.  We therefore believe there is no need to support non-contiguous SRS transmission in a subframe.  
3. Conclusions

In this contribution, we analyzed the requirements for SRS enhancement to support features envisioned for Rel-10 and beyond, 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 a cluster of cells.  
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