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1. Introduction

In r10, aperiodic SRS has been adopted to improve the real-time characteristic of channel state information. In r11, the introduction of CoMP for point edge r11 UEs result in the classic scenario that a single UE transmits SRS to multiple points in the cooperation area for uplink channel estimation or downlink scheduling. For a specific point, the received SRS will be much more than that in previous versions. In this contribution, we will deal with the issues related to SRS enhancement in the r11 CoMP scenario.
2. Discussion

2.1 Problem Description in CoMP scenario
In CoMP scenario 3, the cell edge CoMP UE may need to transmit SRS to multiple points at the same time-frequency resource, however, in r10, the base sequence of SRS is linked to the cell-id which is more suitable for the single point transmission and not suitable for the multiple points reception circumstance. With the semi-static cell-id based SRS base sequece configuration, for a specific point, it needs to recover multiple SRS transmissions with different base sequences. Meanwhile, the SRS resource allocation to the cell edge CoMP UEs will influence that of the cell center UEs of multiple points at the same time-frequency resource.  

In CoMP scenario 4, the serious problem is the SRS capacity for the shared cell-id feature. The macro and the pico in the CoMP scenario 4 needs to solve several times of UEs in the traditional cell range, and the single transmitting SRS to multiple points make the problem worse. However, the problem specially for CoMP scenario 4 can be solved by point-specific SRS base sequence configuration. To make the configuration more flexible and meanwhile keep the consistency with DMRS enhancement, UE-specific SRS base sequence configuration will be a better choice.
Proposal 1: Support UE-specific configuration of SRS base sequence.
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Fig 1. CoMP scenario for SRS enhancement

With UE-specific SRS base sequence configuration, the main problem to deal with is a single CoMP point edge UE transmitting SRS to multiple reception points. Consequently, for a specific point, it needs to deal with more SRS receptions than previous versions. The need of differentiating SRS from different antenna ports and different UEs in most cases (except for the MU-MIMO case) make the SRS capacity problem quite serious. The SRS resources contains: time, frequency, CS, comb, aperiodic SRS. We will analyze these aspects one by one.
The time and frequency resource decide the position of uplink SRS transmission. If the SRS is for uplink channel estimation, the PUSCH transmission of different UEs should be carried out at different time-frequency resources except the multi-user scheduling case to avoid inter-UE interference. If the SRS is for downlink scheduling, the most popular case is that different UEs also transmitting SRS at different time-frequency resource to avoid collision of different uplink data transmission at different UEs later. In a word, from the perspective of scheduling, the eNB will try the best to avoid coscheduling SRS of different UEs at the same time-frequency resource. However, with the introduction of CoMP, the payload for SRS transmission at a single point will be increased to a large degree, a method to increase the time-frequency reserved for SRS was proposed in previous meets. The method proposed to allocate additional time resources for the pico node in the heterogeneous networks, not be restrict to the last OFDM symbol of the subframe, and maybe the last OFDM symbol of the slot or others. However, in our opinion, this method may lead to severe issue of backward compatibility, especially the multiplexing of SRS and PUCCH. In present specifications, the SRS only may exist at the last OFDM symbol of the subframe, and the SRS and PUCCH can coscheduled with the shortened PUCCH format with the last PUCCH symbol punctured. If another symbol need to be allocated to the SRS transmission, then for multiplexing of SRS and PUCCH, the punturing method will need to be updated as well, which will change the behaviour of multiple PUCCH formats(PUCCH format 1/1a/1b/3) and at the same time lead to performance loss of PUCCH transmission. As a result, to allocate more time resource for SRS transmission in a subframe is not suitable for backward compatibility and performance gain of PUCCH.
Proposal 2: To allocate more time resource for SRS transmission in a subframe in r11 for CoMP scenario is not supported.

In r10, the CS and comb resource for SRS is divided as following:
The ZC sequence for uplink references is:
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The sequence for uplink SRS is :
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Where the CS parameter is calculated as:
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where 
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is configured by high layers, which decides the starting position offset. And then the granularity of 
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is decided by the antenna ports number, then the total angle 
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,which finally decides the offset of the ZC sequence.
About the comb distribution, it is configured by higher layers, and is related to the starting frequency position for transmission of SRS.

For present specification, the CS of SRS is divided by 8; consequently, if the divisor is enhanced to multiple of 8, such as 16 or 24, the enhanced SRS can get good backward compatibility with previous version. About comb, the method to get more comb resource is by improvement of the number of combs, if the number is multiple of 2, there is no backward compatibility problem. Considered that there need more SRS resource as a result of the introduction of CoMP in r11, the increase of CS and comb can become a choice if the performance loss resulted by the less distance between adjacent code and frequency division is tolerable. To our intuition, for the UEs with large system bandwidth, there can be more combs or CS allocated.

Proposal 3: Study the possibility the increase of CS and comb in r11.

Another method to improve the SRS resource at a period of time is the adoption of the aperiodic SRS. Although the whole SRS resources are shared by the periodic SRS and aperiodic SRS, which means that the introduction of aperiodic SRS doesn’t improve the available SRS time-frequency or CS or comb resources, but actually increase the SRS transmission chance, the import of aperiodic SRS do supply the real-time channel state in the r10 SU-MIMO scenario. Consequently, similarly, the aperiodic SRS can be enhanced to supply performance gain in the CoMP scenario.
Frequency hopping and multi-shot are two methods discussed in the r10 stage, however, due to the limit of time, these two features are not included in the r10 specification. As these two features have been adopted by the periodic SRS, the adoption for aperiodic SRS only leads to little standardization work. And frequency hopping and multi-shot A-SRS can provide reliable channel state information with little physical signaling overhead for a large range of frequency, so the support of frequency hopping and multi-shot A-SRS can mitigate the SRS resource limit in the CoMP scenario.
Proposal 4: Support frequency hopping and multi-shot A-SRS for the CoMP scenario in r11.

Two UEs associated with different base sequences can also get the quasi-orthogonality. However, this kind of quasi-orthogonality can only get good performance when the spatial distance is large enough. In other words, the base sequences are also a kind of SRS resource if adopted suitably. For a specific point, when it needs to schedule several UEs transmitting SRS, it firstly distract the resources already reserved (This actually means that the UE controlled by other points transmitting SRS to this point. For example, in Fig 1, UE_2 is served by point_2 and receive control information from point_2, at the same time, needs to transmit SRS to both point_2 and point_1; then the SRS used by UE_2 need to be reserved at point_1 and can’t be used by other UEs); and secondly, the eNB grouped the UEs according to the frequency of the specific sounding UE, then the UEs belonging to different groups will be dealt with separately; thirdly, the UEs in the same frequency sounding group can further be grouped by the different sounding time, which is according to the importance of the sounding information and can be carried out by the aperiodic SRS; Fourthly, the UEs need to transmit sounding information at the same time can be differentiated by CS and comb(This may be further improved by allocation of more CS and comb). If these resources are not enough, then according to the inter-UE distance, the eNB will configure the same base sequence for the nearby UEs and different base sequence for faraway UEs(This is fulfilled by the adoption of UE-specific base sequence). If finally, after these steps, there still be UEs coscheduled at the same resource, then according to the priority of the UEs, drop the SRS transmission with the lower priority. About the scheduling order of the points in the cooperation area, every point will in turn be the first point to schedule UEs controlled by itself.
3. Conclusion

In this contribution, we analyzed the enhancement of SRS in the r11 CoMP scenario, and our proposals are as following:
Proposal 1: Support UE-specific configuration of SRS base sequence.

Proposal 2: To allocate more time resource for SRS transmission in a subframe in r11 for CoMP scenario is not supported.

Proposal 3: Study the possibility the increase of CS and comb in r11.

Proposal 4: Support frequency hopping and multi-shot A-SRS for the CoMP scenario in r11.
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