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1 Introduction
In RAN1#63bis, support of triggering aperiodic SRS with DCI format 1A for TDD was agreed as working assumption with the following notes [1]. 
Agree on the support of triggering with DL grant 1A as baseline working assumption for TDD.
· Only in case format 0 configured for type 1 SRS triggering 
· “0”, No type 1 SRS trigger
· “1”, triggering type 1 SRS by RRC-configured parameters set 5 (as defined in R1-110558)
· UE behaviour is same as in case UL DCI format triggering of type 1 SRS
· Could be revisited by next meeting

· The support of 1A for FDD, 2B and 2C for TDD is FFS

· Companies are encourage to investigate further, especially with respect to the following issues

· DCI format size ambiguity

· Collision handling of multiple triggers

· SRS and A/N collision 
In this contribution, we propose aperiodic SRS triggering with DCI format 1A for FDD and DCI format 2B, 2C for TDD in addition to DCI format 1A for TDD. Relating to this, following points are discussed.
- Support of DCI format 1A for FDD
- Support of DCI format 2B and 2C for TDD
- DCI format size ambiguity issue
- SRS and A/N collision issue
- Collision handling of multiple triggers
2 Triggering aperiodic SRS in DL DCI format

It has been discussed whether to support triggering aperiodic SRS (A-SRS) in DL DCI format. In RAN1#63bis, it was agreed to support triggering with DCI format 1A for TDD as working assumption, and FFS for DCI format 1A for FDD and 2B, 2C for TDD. 

Triggering in DL DCI format is useful for the following purposes. 

· To allow triggering A-SRS with different parameters than the parameter configured for DCI format 0 or 4. 

· To increase triggering opportunity in TDD system in which SRS can used for channel quality measurement for DL scheduling or precoding thanks to the channel reciprocity. 

On the first purpose, there are several use cases. One use case is to trigger multi-antenna SRS occasionally even in case of single antenna PUSCH mode with single antenna SRS configuration in order to monitor the channel condition for multiple antennas prior to transmission mode change, i.e. for a kind of "probing" mechanism. Another use case is flexible SRS resource allocation to avoid collision among UEs by configuring different SRS resource for DCI format 0 (or 4) and DL DCI format. Since triggering with DL DCI format would not occur so frequently for the second purpose, allowing triggering only in DCI format 1A is sufficient for FDD. In this case, additional bit for A-SRS request field is not needed for FDD. 

For the second purpose, because aperiodic SRS is used for DL transmission, it would be preferable to trigger with DCI format which is typically used for DL scheduling, i.e. DCI format corresponding to the configured TX mode. Therefore, for TDD, it would be beneficial to support A-SRS request field in TX mode dependent DCI format, especially DCI format 2B, 2C for which DM-RS based beamforming is possible. 

Therefore, we propose to support A-SRS triggering with DCI format 1A for FDD and DCI format 2B, 2C for TDD.  
3 Views on the issues raised in RAN1#63bis
This section provides our view on the issues of DCI format size ambiguity and A/N and SRS collision which are raised in RAN1#63bis. 
DCI format size ambiguity issue
In order to keep backward compatibility with Rel.8/9 operation, presence of A-SRS request field (1bit) for DCI format 1A and 2B needs to be configurable, similar to DCI format 0. During the RRC reconfiguration period, there may be ambiguity (or uncertainty) on DCI format size between eNB and UE. However, eNB would typically configure A-SRS request field for DCI format 0, 1A (and 2B for TDD only) at the same time. Therefore, supporting DCI format 1A and 2B would not cause additional ambiguity problem to the case supporting only UL DCI. For DCI format 2C for TDD, configurability of presence of A-SRS request field is not necessary because DCI format 2C is newly introduced in Rel.10. 
A/N and SRS collision issue 
UE transmits A-SRS in the first UE specific A-SRS subframe on or after subframe n+4. Here, n denote subframe number where A-SRS trigger is transmitted. On the other hand, UE transmits A/N in response to PDSCH in the 4th subframe after receiving the DL assignment. Transmission timing for A/N and A-SRS is collided when DL DCI with A-SRS trigger is transmitted on subframe m-4 where m is UE specific A-SRS subframe, as illustrated in Figure 1. Potential problem is that when eNB configures Simultaneous-AN-and-SRS as FALSE, eNB has to avoid transmitting A-SRS trigger with DL DCI at m-4 to avoid A-SRS drop when PUSCH is not assigned. Note that when PUSCH is assigned, there are no issues since A/N is transmitted on rate matched PUSCH. However, this is not a significant problem in our view for the following reasons: 
· There are multiple subframes in which eNB can transmit A-SRS trigger for a given UE specific A-SRS subframe because UE specific A-SRS subframe has a periodicity, e.g. 5ms. eNB can easily avoid to transmit A-SRS trigger at subframe m-4.

· eNB can operate with simultaneous A/N and SRS using PUCCH shorten format. If a degradation of PUCCH coverage by PUCCH shorten format is concerned for a large cell, eNB can avoid simultaneous A/N and SRS for the cell edge UEs by scheduling. 
· For TDD configuration with few (e.g. one or two) UL subframes, eNB may have no or limited choice of subframes to transmit A-SRS trigger without A/N and SRS collision. However, for such TDD configuration, reasonable operation would be to allow simultaneous A/N and SRS since A/N and SRS collision, which results in dropping SRS, would happen very frequently already in Rel.8. 
In addition, even in case A-SRS on subframe m is triggered by UL grant, eNB needs to not assign PDSCH on subframe m-4 in order to avoid A-SRS drop when PUSCH on subframe m is not scheduled, as illustrated in Figure 2. Therefore, if this is a significant problem, we should discuss it as general issue of SRS. 
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Figure 1 A/N(PUCCH) and SRS collision for DL DCI triggering case
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Figure 2 A/N(PUCCH) and SRS collision for UL DCI triggering case

Collision handling of multiple triggers
The issue on collision handling of multiple triggers listed in the chairman note for RAN1#63bis is already resolved in our understanding since it was agreed UE behaviour in case of multiple triggers is not specified.
4 Conclusion 

In this contribution, we discussed aperiodic SRS triggering with DL DCI format. We see merits of triggering with DL DCI which allows A-SRS trigger with different parameters than the parameter configured for DCI format 0 or 4 as well as allows increasing triggering opportunity in TDD system in which SRS can be used for DL scheduling or precoding thanks to the channel reciprocity. We also provided our view on the issues of DCI format size ambiguity and A/N and SRS collision which are raised in RAN1#63bis, and we observed these are not significant problem. 
Therefore, we propose to support aperiodic SRS triggering with DCI format 1A for FDD and DCI format 2B, 2C for TDD in addition to DCI format 1A for TDD which was agreed as working assumption. 
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