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1 Introduction
In the RAN1#57 meeting, the following sentence for sounding RS transmission on UL MIMO in LTE-Advanced was agreed and was captured in [1].

“The baseline for sounding reference signal in LTE-Advanced operation is non-precoded and antenna-specific. For multiplexing of the sounding reference signals, Rel-8 principles are reused.” 

In this contribution, we provide some possibilities for non-precoded and antenna-specific SRS multiplexing in viewpoint of multiplexing capacity, latency and coverage of SRS transmission. 
2 Multiplexing capacity and coverage of SRS transmission
In order to support efficiently close loop precoding on UL SU-MIMO in LTE-A, it requires SRS transmission with shorter period/larger bandwidth than channel coherence time/bandwidth, which in turn results in consumption of more SRS resources to support UL channel measurement of multiple antennas.
In the followings, we discuss about the feasibility and necessity of SRS resource extension for UL SU-MIMO which can reduce the longer latency/sounding resource shortage issue and maintain the same coverage as LTE Rel-8.
2.1 Extending multiplexing capacity of SRS transmission

Multiplexing capacity of SRS can be significant bottleneck for the system performance optimization since the total SRS resource can be insufficient for LTE-A UEs with multiple transmit antennas. The resource shortage of SRS would result in longer latency and lower system performance. Though the multiplexing capacity is not easily extendable, here we list several approaches which can extend the SRS capacity. 

A) Extension of cyclic shift resource

    Since LTE Rel-8 supports only 8 cyclic shifts per sounding bandwidth and there exist additional cyclic shift resources due to normal CP length, the extension of cyclic shift resources from 8 to value more than 8 can be one approach for the SRS capacity extension. But it needs to be carefully investigated to adopt value more than 8 cyclic shifts. In case of extended CP, the number of additionally available cyclic shifts can be different but still it is extendable. 
B) Extension of root sequence

    Current LTE Rel-8 utilizes only one root sequence per sounding bandwidth and the other root sequences are used for the other cells. Since it is related with cell-planning, the simple extension on root sequence usage may cause additional cell-planning efforts. However, extending the number of root sequence per sounding RS bandwidth is the simplest way for achieving larger sounding capacity. To avoid the cell-planning issue, it is also considerable to search additional sequences which can be freely used in a cell.
C) Change of sounding comb structure
    Minimum bandwidth of LTE sounding RS is fixed to be 4 PRB in [2]. Additional sounding opportunities can be created by changing the minimum sounding bandwidth / sounding comb structure. However, it will cause too much spec change impact for the LTE-A sounding extension. 

D) Allowance of longer sounding latency

    Since the sounding resource shortage is due to the multiple transmit antennas of LTE-A UEs, one of not desirable but feasible solution would be to allow longer sounding latency when sounding resource is not enough. In this case, the sounding RS from each antenna can be TDMed so that the sounding resource usage per sounding channel does not increase significantly. However, it would cause UE-performance degradation due to longer channel sounding period.

Considering the channel update latency, the larger sounding resource is desirable but simple extension does not seem enough for the accommodation of multiple antennas LTE-A UEs. Therefore, we propose the following.

Proposal : RAN1 is recommended to make a requirement guideline in terms of sounding capacity and latency in LTE-A for efficient specification work..
2.2 Coverage of sounding RS
Considering that LTE-A UEs have multiple power amplifiers and antennas, the coverage of sounding RS can be a significant issue. In particular, LTE-A UE should be able to operate with the LTE network. It means that there should be a way around for the compensation of coverage limit. In the following, we consider methods for coverage extension.

A) Precoded sounding RS

    There may be an issue point of sounding RS coverage for LTE-A UE with multiple transmit antennas, especially in case of no full-scale PA configuration. To extend the sounding coverage, it can be considered to have pre-coded sounding transmission, which is not yet precluded in [3]. However, since sounding RS is meant for channel measurement, the precoding procedure cannot be assisted by eNB, which is the issue to be clarified.
B) Smaller sounding bandwidth

     Another way-around for the sounding coverage with smaller PA capability would be changing the current sounding RS structure. Current Rel8 SRS has minimum 4 PRB structure for sounding transmission. By shrinking the bandwidth per sounding transmission, the same PSD per sounding bandwidth can be easily achievable even with multiple transmit antennas. However, it will cause additional sounding latency due to longer cycling time. In addition, it is not applicable to LTE Rel8 system.
C) Power amplifier with 23dBm

    If some UE manufacturers employ 23dBm PA for better support of AGI and single antenna mode although it is implementation issue, it would be possible to suffice the Rel-8 sounding coverage by changing the PA to antenna mapping at each sounding RS transmission time. Since this couldn’t solve the problem universally, other complementary solution needs to be taken into account in other UE implementation.
Since the coverage of LTE-A sounding RS is not guaranteed for all the operating cases, it is necessary to decide how to deal with this coverage issue in RAN1. Therefore, we propose the following:

Proposal : The sounding coverage issue for LTE-A UEs with multiple transmit antennas has to be investigated further in the study item phase.
3 Conclusion
Observing LTE-A UE capability, we described that the sounding channel may need an improvement for capacity extension and the coverage of sounding channel needs to be guaranteed. Therefore, we propose the following.
Proposal 1 : RAN1 is recommended to make a requirement guideline in terms of sounding capacity and latency in LTE-A for efficient specification work.
Proposal 2 : The sounding coverage issue for LTE-A UEs with multiple transmit antennas has to be investigated further in the study item phase.
Proposal 3: Based on clear consensus-building in terms of latency/capacity/coverage for LTE-A UE’s channel sounding, details on SRS multiplexing can be discussed in the work item phase.
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