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1 Introduction

In RAN#53, new UL RS WID for Rel-11 [1] has been agreed, including study for:
· Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception.
In this contribution, the issues of SRS multiplexing capacity, frequency hopping and multi-shot, non-precoded DMRS and UE-specific SRS base sequence were discussed. We suggest introducing the features of frequency hopping and multi-shot for aperiodic SRS, and allow the UE-specific configuration for SRS base sequence generation. 
2 SRS enhancements
In this section, we first analyse the requirement of multiplexing capacity of SRS, and then discuss techniques for SRS enhancements. 
2.1 Requirement for the Multiplexing Capacity of SRS
In LTE Rel-8, as UL SU-MIMO is not supported, at most 16 SRSs with maximum SRS bandwidth can be multiplexed in each uplink sub-frame thanks to two transmission combs and eight usable cyclic shifts. While in Rel-10 LTE-A, due to SU-MIMO, each UE may be configured with multiple antennas, therefore the number of supportable UEs with SRS transmission in one subframe is decreased. For example, only four UEs would be supported in one uplink sub-frame when each of them is configured with four antennas and maximum SRS bandwidth, as four SRS resources are required for each UE. 
To provide additional SRS scheduling flexibility and potentially improve the SRS resource utilization, aperiodic SRS was introduced in Rel-10. However, since aperiodic SRS shares resources with periodic SRS, the total cell specific physical SRS resource is still the same as in Rel-8. As a result, it seems difficult to achieve timely on demand aperiodic SRS scheduling, considering the potential collision between aperiodic and periodic SRS and the signalling flexibility. 
In Rel-11, to obtain reliable SRS-based channel estimates in UL CoMP, it is beneficial to coordinate SRS scheduling among multiple cells. Orthogonal SRS among multiple cells can be achieved by the coordination of orthogonal codes sequence, time and frequency resource. It means that One CoMP UE may occupy certain SRS resources of multiple cells. As a result, SRS resource will become much scarcer than that in Rel-10. Hence, SRS capacity enhancement is still desirable. 
2.2 Frequency hopping and multi-shot A-SRS
For frequency-dependent scheduling and improving the sounding power spectral density of power-limited UEs, the network may need to trigger multiple narrow band aperiodic SRS transmission several times. To enhance the triggering and save signalling overhead, multi-shots aperiodic SRS transmission per trigger can be considered. One shot aperiodic SRS can be a special case of time-based aperiodic SRS transmission as the duration can be configured by higher layer. Multi-shot transmission can improve the average cell throughput and cell-edge throughput due to increased opportunity to trigger [2]. One issue for multi-shot sounding is that Multi-shot may cause scheduling complexity to control the collision between UEs. However, the agreement at RAN1#63 meeting about UE-specific A-SRS subframe can address it. The scheduling complexity can be reduced by configuring UE-specific SRS periodicity and offset for the multi-shot aperiodic SRS transmission.

Frequency hopping is also a useful feature for A-SRS. Frequency hopping among the multiple shots should be considered for wider sounding BW. The configuration and hopping mechanism can be similar to that of periodic SRS in R8, the parameter of frequency hopping bandwidth can be defined for A-SRS, so the number of multi-shots can be equal to frequency_hopping_bandwidth/SRS_bandwidth.  
2.3 Aperiodic sounding based on non-precoded DMRS
Sounding based on non-precoded DMRS was discussed in [3]. DMRS based SRS not only increases the total multiplexing capacity for UL channel sounding, but also reduce the SRS inter-cell interference. Furthermore, in many cases sounding quality obtained from DM RS can be better than that obtained from SRS. 
However, Performance evaluation is needed to analyse the performance loss on channel estimation, and also the signalling should be carefully designed to keep a low overhead. In LTE-A the CoMP UE with DMRS based sounding will interfere with uplink channel of neighbouring cell’s UE, which also need careful consideration.
2.4 UE-specific base sequence for SRS
There could be increased UE number in the new Rel-11 deployment scenarios, such as in CoMP scenario 3 and scenario 4. For the scenario 4, the low power RRHs within the macro cell coverage have the same cell IDs as the macro cell, if the SRS base sequence is only tied with the cell ID, SRS resource will become scarce in the case that there are many active users. For the UEs that are located at different RRHs and far away from each other, in order to increase the SRS capacity, it should be possible to use the same resource. In this case, it would be beneficial to allow these UEs to use SRS base sequences based on different Cell ID. Figure 1 shows an example of SRS UE-specific resources allocation for CoMP scenario 4. To increase the SRS resource, different base sequences can be assigned between UE2 and UE3 as UE2 is far away from UE3. In short, it is beneficial to configure the SRS base sequences in a UE-specific fashion, instead of cell-specific.
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Figure 1   Example of SRS UE-specific resources allocation for CoMP Scenario 4
As described in Figure 1, for uplink cell edge enhancement of CoMP UE, it is better to set the RRH1 as the receiving point of PUCCH/PUSCH. To orthogonalize UE1 and UE2, the base sequence of UE1’s PUCCH/PUSCH should be configured to the same with UE2. However, if downlink CSI from Macro to CoMP UE1 is attained by SRS with channel reciprocity, it is beneficial to configure UE1’s SRS base sequences according to the PCI of Macro for scheduling flexibility. Therefore, it is beneficial to configure the base sequences of SRS/PUCCH/PUSCH independently. 
3 Conclusion
In this contribution, we discussed the potential SRS enhancements for Rel-11. From the above discussion, we propose that:

· Frequency hopping and multi-shot A-SRS can be considered in Rel-11. 

· Introducing UE-specific SRS base sequence.
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