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1. Introduction

In RAN1#61 meeting, the enhancement for uplink Sounding RS (SRS) was discussed and the following was agreed. 
· One-shot SRS transmission is supported.

· In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel8 at least in common search space

· Continue email discussion until RAN1#61bis

· Support of other SRS durations is FFS 

· Resources used for aperiodic SRS

· Support of aperiodic triggering by DL grant?

· In case of UL triggering, allow triggering without PUSCH grant?

· Support of group triggering
In this contribution, we discuss above five topics on the email discussion. 
2. Discussion
2.1. Support of other SRS durations 
One-shot SRS transmission would be beneficial for quick channel quality measurement. However, the other SRS duration would not be essential as described in follows. 

The main use case for multi-shot SRS transmission, in our understanding, is SRS frequency hopping for cell edge UEs to obtain the channel quality information for whole bandwidth as mentioned in [1][2]. However, frequency scheduling gain for these UEs would be negligible or even negative impact due to less accurate MCS selection since it takes a large delay to obtain the channel quality information for whole bandwidth if cell specific SRS period is reasonably large. If cell specific SRS period is small, e.g. 1 or 2ms, the frequency scheduling gain may be large. However, in this case the cell throughput will be reduced due to the large SRS overhead. 

In addition, multi-shot SRS transmission would require a complicated scheduler to avoid the collision with periodic SRS from other UEs because SRS assignment is valid for multiple subframes (continuous or non-continuous), especially in case SRS resources are shared by periodic SRS and dynamic aperiodic SRS. 

Therefore, in our view, only one shot dynamic aperiodic SRS is sufficient. 

2.2. Resources used for aperiodic SRS
Our thinking is at first to efficiently utilize Rel.8 cell specific SRS resources by the dynamic aperiodic SRS. Still, if the SRS resources are not enough yet, additional SRS should be considered. 
There are two approaches to use the cell specific SRS resources for periodic SRS and dynamic aperiodic SRS. One is the resources are shared by periodic SRS and dynamic aperiodic SRS. This can efficiently utilize the resources because vacant resources by periodic SRS can be assigned to the dynamic aperiodic SRS as shown in Fig.1. The other is the SRS resources are separately configured in a cell specific manner for periodic SRS and dynamic aperiodic SRS. 

In our view, common cell specific SRS resources for periodic SRS and dynamic aperiodic SRS should be used for efficient utilization of SRS resources. 
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Figure 1 The resources for Rel.8/9 periodic SRS and dynamic aperiodic SRS

2.3. DCI format for SRS trigger 
This section discusses DCI format used for triggering dynamic aperiodic SRS. There are two options for triggering of the SRS. One is triggering by 1 bit in PDCCH [5] and the other is triggering by more than 1 bit with SRS parameters [3]. We prefer to trigger dynamic aperiodic SRS together with the SRS parameters compared to trigger it by 1 bit in PDCCH. This is more flexible and more efficient on SRS resource assignment because SRS parameters can be dynamically indicated, e.g. frequency or CS number can be changed dynamically. Especially, this is beneficial in case the SRS resources are shared by periodic SRS and dynamic aperiodic SRS. 
Furthermore, it is not preferable to change the existing DCI format size since changing the DCI format size would cause additional UE test effort and the DCI size ambiguity issue during RRC connection reconfiguration as discussed in carrier aggregation [4]. Therefore, we propose to use whole DCI format 0 for SRS trigger. In DCI format 0, “all 1” in resource allocation field can be used to indicate the PDCCH is used for SRS trigger, since “all 1” in resource block allocation field is not used as a valid codepoint in Rel.8/9 when CRC is scrambled with C-RNTI. In this case, the DCI format size can be kept as in Rel.8/9. Proposed structure of DCI format 0 for SRS triggering is shown in Figure 2. 
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Figure 2 Use of DCI format 0 for triggering dynamic aperiodic SRS 

Below we discuss the following topics listed in the email discussion based on above proposal. 
2.3.1 Support of aperiodic triggering by DL grant
Our proposal can be used as the alternate of DL grant trigger even in case of FDD and TDD because this approach is irrelevant to UL/DL data assignment. Hence, to support the triggering by DL grant would not be essential. 

2.3.2 In case of UL triggering, whether to allow triggering without PUSCH grant 
Our proposal supports to trigger SRS without PUSCH grant by nature since whole DCI format 0 is used for the triggering. When triggering aperiodic SRS and PUSCH assignment occur simultaneously, two PDCCHs are transmitted. 
2.3.3 Support of group triggering
For group triggering, DCI format 3/3A can be reused, i.e. a part of TPC fields in DCI format 3/3A is redefined for SRS triggering bits instead of TPC command. The group triggering can trigger SRS irrelevant to UL/DL data assignment same as our proposal although SRS parameters can not be indicated in the PDCCH. In addition, the group triggering may be useful to reduce the signalling overhead by triggering SRS together with sending TPC command for a group of UEs. 
If SRS trigger is not used frequently, our proposal as described in previous section would be sufficient because of small signalling overhead and more flexibility for SRS assignment. While, if SRS trigger is used frequently, our proposal may have relatively large signalling overhead. In TDD, the signalling overhead would be large since more SRS would be used for UEs with a beam forming and DL subframes for transmitting SRS trigger are limited in TDD. 

In our view, the trigger together with SRS parameters as proposed above would be sufficient at least for FDD. In case of TDD, if the signalling overhead is concerned, the group triggering would be supported in addition to trigger together with SRS parameters.
3.  Conclusion

We discussed dynamic aperiodic SRS on five topics and describe our preference. 
· No support of other SRS durations than one shot. 
· Cell specific SRS defined in Rel.8 should be used as the resources for aperiodic SRS. 
· No support of aperiodic triggering by DL grant.
· Support of SRS trigger together with SRS parameters i.e. use whole DCI format 0 for indication.
· Group triggering would be supported for TDD in addition. 
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