3GPP TSG RAN WG1 Meeting #59bis

R1-100660
Valencia, Spain, 18th – 22nd January 2010
__________________________________________________________________________

Agenda item: 7.4.2
Source: LG Electronics

Title: SRS Enhancements for UL MIMO in LTE-Advanced
Document for: Discussion
__________________________________________________________________________

1 Introduction
In the RAN1 #58bis meeting, it was agreed to consider enhanced SRS schemes in order to support additional features such as UL-MIMO, high order MU-MIMO and CoMP for LTE-Advanced as following [1]:  
Conclusion

· UE transmission of SRS can be used for CSI estimation at multiple cells exploiting channel reciprocity. 

· Enhanced SRS schemes may be considered
Some proposals for enhanced SRS transmission in LTE-Advanced were presented in the RAN1 #59 meeting [2]-[7]. In this contribution, we review potential candidates and propose guidelines for further investigation.
2 Enhanced SRS for LTE-A System
For the enhanced features in LTE-A system such as single cell MIMO or multiple cell operation, the channel measurement for each extended transmission antenna should be supported. However, the number of uplink transmission antennas can be more up to 4 times of that of Rel-8 while the sounding channel capacity cannot be increased with current SRS structure. Characteristics of Rel-8 SRS can be summarized as following:
· At most one OFDM symbol per subframe,

· At most two transmission comb is defined,

· Up to 8 cyclic shift multiplexing is supported,

· Minimum sounding bandwidth is 4 physical RBs,

· Periodic usage of sounding resource.

Considering these characteristics, there can be several approaches to enhance or extend Rel-8 SRS transmission functionality. Assuming the same SRS configuration with Rel-8 SRS (limited SRS capacity), the introduction of multiple transmission antennas to LTE-A UE inevitably causes SRS resource shortage when LTE-A system tries to achieve an optimal uplink performance (and possibly downlink performance). The resource shortage of SRS would result in longer channel measurement latency and less accurate channel measurement. To mitigate the performance degradation, there can be the enhanced SRS usage model or the extension of SRS resource. As a candidate of the enhanced SRS usage schemes, scheduling-based SRS transmission can be one approach. 
· Scheduled (aperiodic) SRS transmission [2][3] : Departing from the Rel-8 SRS transmission scheme (periodic SRS transmission), the resource utilization can be further optimized if the sounding transmission for each extended antenna is signaled on-demand. Though the optimization target for LTE-A system is within 10Km/h, tracking of channel variation should be also supported by reusing Rel-8 periodic SRS transmission scheme. However, it should be noted that this scheduled transmission mode would cause relatively large control overhead compared to that of Rel-8 SRS signaling. 
Point 1: Different SRS transmission mode should be studied to optimize the SRS resource usage for LTE-A system performance.

However, the usage enhancement of Rel-8 SRS resource cannot be a fundamental cure for the SRS resource shortage in LTE-A system. If necessary, it is better to consider the extension of SRS resource itself.
· SRS transmission using UL DM-RS [3][4] : There can be two approaches on the utilizing DM-RS as channel measurement. The first is to reuse the DM-RS which is accompanied with PUSCH transmission [3]. The second is to exploit the unused DM-RS which is not assigned for PUSCH transmission. However, reusing PUSCH DM-RS (the first case) may not be suitable with current working assumption, i.e. the same precoding application for both data symbols and DM-RS symbols [8]. On the other hand, the second one does not accompany any data transmission which means that any arbitrary precoding or no precoding can be used for DM-RS transmission. However, this kind of functionality is not defined in Rel-8 system.
Point 2: Different DM-RS transmission mode needs further study for the capacity extension of LTE-A SRS.
· Extension of SRS multiplexing capacity [5], [6]: With this objective, possible modification points of Rel-8 SRS structure can be the number of comb (RPF), the number of cyclic shifts, and the minimum sounding bandwidth. Capacity extension with RPF or cyclic shift has inherently the same fundamental based on the assumption of smaller delay spread, which may be often observed with LTE-A deployment such as relay/pico/femto cells in hot-spot area. However, under the large delay spread environment, there would be a limit on the available cyclic shifts. On the other hand, changing minimum sounding bandwidth (i.e. smaller SRS Tx. bandwidth less than a target measurement bandwith) can increase the SRS multiplexing capacity but measurement accuracy relatively can be degraded depending upon channel frequency selectivity. In the point of backward compatibility, changing RPF and minimum sounding bandwidth needs careful coordination between Rel-8/9 UEs and LTE-A UEs so that they are not mixed within the same SRS transmission band [5]. In case of extending cyclic shifts, LTE-A and legacy UE can be easily multiplexed with the same SRS transmission band. 
Point 3: The system impact due to changing RPF, cyclic shift, or minimum sounding bandwidth  needs further study.
Based on the above review, RAN 1 should evaluate the LTE-A performance based on optimized SRS resource utilization of Rel-8 SRS capacity. In case that additional capacity of LTE-A SRS is required, RAN 1 can consider above extension methods as possible candidates for SRS extension. 
3 Conclusion
In this contribution, we investigate the potential candidates for enhanced LTE-A SRS transmission to support LTE-A UEs with the extended number of antennas.  One proposal is given below:
To efficiently move forward the LTE-A SRS design, we need to put more focus on the clarification for the requirement baselines such as measurement accuracy and multiplexing capacity corresponding new potential LTE-A uplink transmission features. 
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