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1 Introduction

In RAN1 session 62bis, a great progress was made in the aperiodic SRS (ap-SRS) section. However, due to lack of time, the resource allocation issues were not discussed. In this Tdoc, we will show our views on the ap-SRS cyclic shift/comb assignment and the corresponding RRC parameter signaling.
2 CS and Comb Assignments for Multiple Antennas
In the RRC message of aperiodic SRS, the information elements called cyclicShift-ap and transmissionComb-ap are used to allocate a CS and comb to a specific UE [1]. By using the philosophy of the implicit method, cyclicShift-ap and transmissionComb-ap could be used to assign the CS and comb to the first antenna of a specific UE, and the CS and comb of other antennas could be obtained by a pre-defined rule. So, the kth antenna’s CS and comb can be respectively expressed as
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For the CDM method, it is reasonable to separate antenna ports equally-spacedly with the maximal spacing in the CS domain. This way it not only keeps the best orthogonality among antenna ports, but also facilitates the SRS resource allocation to multiple UEs. Moreover, although the two transmission combs can provide perfect orthogonality, it is impossible to separate up to four antenna ports by using pure FDM. It is necessary to include CDM, if FDM is also used to multiplex antenna ports. So, there are two methods to multiplex different antenna ports: one is the CDM method and the other is the CDM+FDM method. Based on the above statements, one CDM example and one CDM+FDM example are listed below.
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For 2TX case, 
[image: image5.wmf]0

0

D=

, 
[image: image6.wmf]1

4

D=

, and 
[image: image7.wmf]01

0

dd

==

.
For 4TX case, 
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CDM+FDM
For 1TX case, 
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For 2TX case, 
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For 4TX case, 
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The illustrations of the two examples are shown in Figure 1. In the CDM+FDM example, for each UE at most two antenna ports are put in one transmission comb. It is expected that the performance of the CDM+FDM method would perform better under the noise-limited scenarios (e.g., lightly-loaded cases), and the two methods would perform similarly under the interference-limited scenarios (e.g., highly-loaded cases). However, there are two arguments on the CDM+FDM method:

1. Two combs can no longer be used to separate periodic and aperiodic SRS [2].

2. CDM+FDM might induce some scheduling limitations, since it restricts that the sounding bandwidths of the two combs should be the same [3][4].
According to the latest chairman note [5], it is still under discussion whether the CDM+FDM method is used in periodic SRS, if multi-antenna periodic SRS is supported. So, the first argument doest not seem to be strong if the CDM+FDM method is supported in periodic SRS, because in this case CDM+FDM instead becomes useful to multiplex periodic and aperiodic SRS in an sounding bandwidth. However, the second argument is the inborn shortcoming of the CDM+FDM method.
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Figure 1. Illustrations of CDM and CDM+FDM examples.
Proposal 1: If CDM+FDM is supported in periodic SRS, CDM+FDM also could be adopted for ap-SRS. Otherwise, pure CDM should be adopted for ap-SRS to release the ap-SRS scheduling limitation.
3 Multi-Set RRC Message
It was agreed that 2 or 3 new bits are inserted in DCI format 4 to indicate 3 or 7 sets of ap-SRS RRC messages. It is still under discussion that which UE-specific RRC parameters should be signalled. In Rel-8/9, the SRS UE-specific parameters include srs-Bandwidth (2 bits), srs-HoppingBandwidth (2 bits), freqDomainPosition (5 bits), duration, srs-ConfigIndex (10 bits), transmissionComb (1 bit), and cyclicShift (3 bits) [6]. Due to the ap-SRS one-shot nature, it seems that the three parameters srs-HoppingBandwidth, duration, and srs-ConfigIndex are unnecessary, if multi-shot ap-SRS is not supported at the end. On the other hand, it seems that the signalling overhead is not a big issue for RRC signalling, and so, for full ap-SRS flexibility, the rest of the UE-specific parameters should be signalled in each of the RRC sets (11 bits). If signalling overhead is considered to be a concern, two options could be chosen: one is to allow each subset to only carry a subset of the parameters, and the other is to reduce the signalling bits of some parameters. However, the two options would more or less reduce the ap-SRS scheduling flexibility, such that multiplexing between periodic and aperiodic SRS would be restricted.
Proposal 2: srs-Bandwidth, freqDomainPosition, transmissionComb, and cyclicShift should be carried in each RRC parameter set, and the number of signalling bits for each parameter should follow periodic SRS.
4 Conclusion
In this contribution, we provide some views on the resource allocation issue of ap-SRS. Based on the above discussions, we have the following proposals:
Proposal 1: If CDM+FDM is supported in periodic SRS, CDM+FDM also could be adopted for ap-SRS. Otherwise, CDM should be adopted for ap-SRS to release the ap-SRS scheduling limitation.
Proposal 2: srs-Bandwidth, freqDomainPosition, transmissionComb, and cyclicShift should be carried in each RRC parameter set, and the number of signalling bits for each parameter should follow periodic SRS.
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