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Discussion and decision
1 Introduction

As an effective solution for cell-edge performance improvement, hotspot and coverage enhancement, CoMP has been an important item to be discussed in Rel-11. In 3GPP TR 36.819, four scenarios have been defined for further discussion as follows [1]:
· Scenario 1: Homogeneous network with intra-site CoMP
· Scenario 2: Homogeneous network with high Tx power RRHs
· Scenario 3: Heterogeneous network with low power RRHs within the macro cell coverage, where the RRHs have different cell IDs as the macro cell
· Scenario 4: Heterogeneous network with low power RRHs within the macro cell coverage, where the RRHs have the same cell IDs as the macro cell
At RAN1#66bis meeting, standard impacts in support of UL CoMP are discussed and potential areas including power control, DMRS, SRS, control information transmission and timing of uplink are identified. In addition, the impact of legacy UE is suggested to be taken into account for further investigation. On the CSI feedback for CoMP, besides explicit and implicit feedback, sounding is also considered as an important mechanism which has less impact on specification and lower feedback overhead. In this contribution, our views on sounding enhancement are presented.
2 Frequency hopping and multi-shot for A-SRS
It is well-known that, with the help of frequency hopping, wider bandwidth can be sounded, and this is very important for UL scheduling in frequency domain. Moreover, with frequency hopping, A-SRS can be multiplexed with period SRS easily. Frequency hopping has been supported for period SRS in Rel-8, so in our view, it is natural that the same mechanism is reused for A-SRS.

For multi-shot mechanism, the motivation is to improve channel estimation accuracy for UE with limited transmitting power. In order to achieve an accurate sounding, a sequence of SRS can be transmitted during coherence time, maybe together with frequency hopping to cover the target bandwidth. In order to support multi-shot A-SRS, a specific A-SRS configuration is required, which will bring some limitations on the assignment flexibility of A-SRS. As A-SRS can be triggered by DL/UL DCI in Rel-10, the function of multi-shot can be realized by multiple A-SRS triggering in most scenarios, except the case with sparse transmission in both UL and DL. Therefore, more evaluations should be performed on the throughput improvement with considerations of power consumption and signalling overhead to show whether the multi-shot mechanism is required or not.

Proposal 1: Frequency hopping is beneficial for A-SRS, but multi-shot mechanism seems slightly unnecessary unless it is justified with the consideration of application scenario and performance evaluation.

3 Inter-cell interference on SRS
As a necessary precondition for uplink transmission, uplink channel information can be detected by SRS transmission, which also has the advantage to downlink transmission based on channel reciprocity especially for TDD. Besides that, SRS can also help to make a decision on CoMP coordination and measurement sets in Rel-11. Therefore, it can be expected that SRS will play an important role in uplink CoMP as well as downlink CoMP.
For SRS, inter-cell interference from PUSCH, PUCCH or SRS of neighbour cells cannot be avoided, which will degrade the sounding accuracy. However, for UE configured with CoMP transmission, the inter-cell interference within coordination set can be suppressed if multi-point simultaneous sounding is used.  To support this simultaneous fashion, same sounding subframe should be configured for multiple points and CoMP-UEs are better to be multiplexed together. Therefore, it is preferred to use UpPTS for such CoMP sounding for TDD, and if necessary additional shared subframe can also be provided by appropriate SRS subframe configuration which is also supported for FDD.
For CoMP scenario 1-3 that cell IDs of macro and RRH are different, base sequences of SRS are different for macro and RRH, so the multi-point simultaneous sounding cannot be supported unless a cell-group specific base sequence is introduced. For CoMP scenario 4, same cell ID is shared by macro and RRH, so multi-point simultaneous sounding can be supported naturally.
Proposal 2: It is beneficial to use multi-point sounding based on single subframe to mitigate inter-cell interference on SRS of CoMP-UE, and UpPTS is the preferred sounding subframe for TDD. For CoMP scenario 1-3, cell-group specific base sequence is required.

4 SRS capacity enhancement
In order to support uplink close-loop MIMO, multi-port sounding is required and supported in Rel-10, from which it can be expected that the cost of SRS resources is very high. Considering CoMP, from the perspective of coordination set, it is obvious that more SRS resources will be occupied by CoMP-UE definitely no matter what kind of design is used. Therefore, the capacity of SRS may be not enough to support advanced uplink transmission techniques well. 
To increase SRS resources, several solutions have been proposed including increasing comb, increasing cyclic shift, or additional A-SRS based on DM-RS. More frequency resources will be provided by increasing comb, but the sounding accuracy will degrade since inter-SRS interference gets serious if the sounding bandwidth is not expanded. Moreover, new and legacy SRS seem hard to be distinguished by cyclic shift, because their SRS lengths are different and severe interference between them will occur. As a sequence domain method, increasing cyclic shift can also provide more sounding resources. However, same as increasing comb, the degradation of sounding accuracy cannot be avoided, and new SRS is still not able to work with legacy SRS well in same sounding bandwidth. A new type of A-SRS based on DM-RS is a time domain solution to increase sounding resources, which utilizes residual cyclic shift of DM-RS to detect uplink channel. One attractive advantage of such A-SRS is that it has no impact on legacy SRS and the multiplexing between new A-SRS and DM-RS can be achieved simply through dynamic grant, but the influence on channel estimation of PUSCH should be evaluated in advance.
From the perspective of single cell, the additional SRS resources with less impact on legacy SRS seems likely to be accepted, because the utilization efficiency of sounding resources will not decrease and less complexity will increase for sounding resource management. However, for multi-point sounding based on single subframe, the backward compatible requirement can be released as long as the sounding accuracy does not degrade severely. For one UE, if multi-point sounding is configured, signal will experience separate delay to reach each point within the coordinating set, which makes the cyclic shift of SRS hard to be managed under the current uplink timing mechanism. Furthermore, SRS multiplexing of multiple UEs based on cyclic shift only is also problematic, which requires a new multiplexing scheme. For such case, increasing comb is a beneficial solution and UEs configured with multi-point sounding are allowed to be multiplexed together in an FDM way to avoid interference.
Proposal 3: Solutions with less impact on legacy UE can be considered for sounding capacity enhancement with first priority, e.g. A-SRS based on non-precoding DM-RS. For multi-point sounding based on single subframe, non-backward compatible solutions should be considered, e.g. increasing comb.
5 Conclusions

In this contribution, considerations on uplink sounding enhancement were shown. Our views are listed as:
· Proposal 1: Frequency hopping is beneficial for A-SRS, but multi-shot mechanism seems slightly unnecessary unless it is justified with the consideration of application scenario and performance evaluation.
· Proposal 2: It is beneficial to use multi-point sounding based on single subframe to mitigate inter-cell interference on SRS of CoMP-UE, and UpPTS is the preferred sounding subframe for TDD. For CoMP scenario 1-3, Cell-group specific base sequence is required.
· Proposal 3: Solutions with less impact on legacy UE can be considered for sounding capacity enhancement with first priority, e.g. A-SRS based on non-precoding DM-RS. For multi-point sounding based on single subframe, non-backward compatible solutions should be considered, e.g. increasing comb.
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