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1 Introduction

In RAN1 session 61bis, although the wayforward R1-104249 [1] was not treated due to lack of time, it reflected most companies’ consensus on aperiodic SRS. That is, aperiodic SRS should be multiplexed together with periodic SRS in the sounding symbol of a cell-specific subframe. No new resource will be created for aperiodic SRS. Moreover, in the DM-RS section, the implicit cyclic shift (CS) assignment for multiple layers was agreed in the last meeting. The agreements [2] are listed as below.
1. For initial transmission the CSI to (CS, OCC) should follow the following

· CS and OCC for layer 0(nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format. 
· Mapping table between CSI and (nDMRS,0(2) , nOCC,0) 
· Exact mapping  is FFS
· CS for layer k (k=0,1,2,3) is derived from CS offset according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12
· CS offsets (∆k) for 2 layers are 0, 6 for k=0,1
· CS offsets (∆k) for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3
· CS offsets (∆k) for 3 layers are FFS.
2. FFS applicability of the above to retransmission cases
Since the CS assignment is also a problem in the SRS topic, the agreed implicit method seems to be a good reference solution for the problem. This contribution discusses the feasibility of re-using the agreed implicit method for the SRS CS assignment problem.
2 Allocation of Multiple Antennas 
In [3], three options are proposed to allocate multiple transmit antennas in the sounding symbol of a cell-specific subframe:
A. Simultaneous SRS transmissions from all TX antennas.
B. Antenna switching among the TX antennas.
C. Single-antenna SRS transmission.
For aperiodic SRS, we also think that option A should be the baseline, since this way it allows eNB to acquire spatial channel information in a one-shot SRS transmission, so as to facilitate the PMI selection. For periodic SRS, it might not be so urgent to obtain the instantaneous spatial channel information that option B, which acts like the antenna selection in Rel-8, might be a good choice in terms of SRS resource saving. However, with aperiodic SRS, the periodicity of periodic SRS would be longer than in Rel-8/9, such that the unnecessary periodic SRS could be eliminated. As a result, the CS resource consumption of periodic SRS does not seem to be a concern. From this point of view, option A might be also a good candidate as well for periodic SRS. Regarding option C, we do not see any merit of it, by comparing it with option B. Based on the above, we have the following proposal.
Proposal 1: For aperiodic SRS, option A should be the baseline, and for periodic SRS, both options A and B could be considered.
3 SRS CS Assignment for Option A
It is widely recognized that the SRS resources, which are provided by the cell-specific subframes, should be shared by periodic and aperiodic SRS [1][4][5]. In Rel-8/9, there are two transmission combs, each of which supports eight CS values, in a sounding symbol, and the CS and comb assignments are configured by RRC. In Rel-10, we also think that resource assignments of periodic and aperiodic SRS should be configured in the RRC level. In this way, the RRC format of Rel-8/9 can be largely re-used, such that the spec. modification is minimized and moreover the signalling overhead would be reduced. If needed, some of the parameters of aperiodic SRS could be fine-tuned when it is triggered by PDCCH. The UE-specific RRC formats of periodic and aperiodic SRS could be different, since some information elements of periodic SRS are not needed for aperiodic SRS and their adjustment periodicities might be different as well.
Rel-8/9 only supports single-antennas SRS transmission, and so the resource assignment is naturally antenna-specific. However, uplink MIMO will be supported in Rel-10, so that the SRS transmissions from multiple antennas are required. If using antenna-specific resource assignment, the signalling overhead would be a concern and the existing format could not be re-used. As a result, the resource assignment mechanism in Rel-8/9 requires some modifications to suit the need. It seems that using CDM to separate multiple TX antennas is simpler than using FDM+CDM, since the hybrid method might complicate signalling. As mentioned in Section 1, the agreed implicit method from DM-RS section seems to be able to be directly applied to assign CS resource for option A.
In the RRC message SoundingRS-UL-ConfigDedicated, an information element called cyclicShift is used to allocate CS to a specific UE. By re-using the philosophy of the implicit method as mentioned in Section 1, cyclicShift could be used to assign the CS to the first antenna of a specific UE, and the CS of other antennas could be obtained by a pre-defined rule. According to the formulas shown in Section 1, below is a straightforward example:
For 1TX case, 
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For 4TX case, 
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The advantages of this implicit method are as below.
·  Allow the SRS RRC format of Rel-8/9 (i.e., SoundingRS-UL-Config) to be largely re-used. At least, the part of CS assignment does not have to be changed, since the implicit method needs the parameter cyclicShift only.
·  Easy to multiplex UEs with different TX antennas in a sounding symbol (see Figure 1 for an example).
·  Suitable for periodic and aperiodic SRS, if option A is adopted for both of them.

·  Might facilitate the CS re-assignment for aperiodic SRS. Only one deviation value, which is carried in a DCI format, is needed to change the RRC-configured CS allocation.
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Figure 1. Multiplexing of different UEs with different numbers of TX anennas.
Proposal 2: CDM should be used to separate multiple antennas, and an implicit method should be used to assign CS resource to multiple TX antennas.
4 CS Re-assignment for Aperiodic SRS

The main concern of the RRC-configured aperiodic SRS is the lower flexibility. So, it would be better to design a resource re-assignment mechanism. One possible manner is to re-use the information field of the uplink grant for the re-allocation of SRS resource. That is, the information field is not only for its original purpose but also for SRS parameter adjustments. The cyclic shift indication (CSI) field might be a candidate, as mentioned in [4]. The control information element could be used to modify the RRC-configured UE-specific parameters of aperiodic SRS (e.g., cyclicShift, srs-Bandwidth, freqDomainPosition, and transmissionComb). The eNB can directly assign a new value to replace the old one or just indicate a deviation to adjust a parameter. The joint encoding, in which only an index is signalled to modify multiple parameters, also could be considered, but however the number configurations should be limited so as to reduce the implementation complexity. 
Proposal 3: Re-use other control information elements in DCI formats to provide reasonable flexibility for aperiodic SRS.
5 Conclusion
In this contribution, we provide some views on the resource allocation issue of aperiodic and periodic SRS. Based on the above discussions, we have the following proposals:
Proposal 1: For aperiodic SRS, option A (see Section 2) should be the baseline, and for periodic SRS, both options A and B (see Section 2) could be considered.
Proposal 2: CDM should be used to separate multiple antennas, and an implicit method should be used to assign CS resource to multiple TX antennas.
Proposal 3: Re-use other control information elements in DCI formats to provide reasonable flexibility for aperiodic SRS.
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