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1. Introduction

In RAN #84bis meeting, there was discussion on SRS transmission in LAA and the followings were agreed [1].
	Agreement:

· Working assumption: Periodic SRS without PUSCH is NOT supported in Rel-14 eLAA WI

· A-periodic SRS without PUSCH is supported at least in DL ending partial subframes in Rel-14 eLAA WI

· FFS the case of UL subframes 

· LBT for aperiodic SRS without PUSCH

· 25us one-shot LBT within eNB MCOT;

· Cat 4 LBT outside of eNB MCOT 

· FFS contention window size parameters, including possibility of non-adapting contention window size

· FFS no LBT if SRS is transmitted within 16us of the DL transmission within eNB MCOT
· FFS whether or not the eNB can indicate a LBT type

Agreement:

· Aperiodic SRS without PUSCH can be triggered by dynamic signaling at least via DL grants

· UE is configured by RRC one or more sets of SRS parameters

· The configuration details are FFS

· FFS other possible triggering mechanisms,  e.g.:

· Group DCI

· UE-specific DCI

· One or several of the above options may apply

Agreement:

· Only wideband SRS transmission in supported in eLAA

· Existing max # SRS RBs for a given system bandwidth is the baseline

· FFS whether or not to extend/shift to # of RBs > max # RBs in the legacy case

· Working assumption: SRS is based on legacy comb structure

· As a baseline, comb = 2 and 4

· FFS whether or not support different comb value(s)

Agreements:
· SRS, if present in a UL subframe, is transmitted at the end of the subframe


In this contribution, we discuss on the remaining issues of SRS transmission in LAA SCell.
2. Discussion

2.1. SRS Subframe Configuration

Considering that LAA SCell would support opportunistic DL/UL transmission according to DL/UL buffer status, it is desirable to allow SRS transmission in any SF when it is needed. To support this flexible SRS transmission, it should be supported to configure all SFs as SRS subframes. However, it may still need some modification of current specification because minimum SRS periodicity configured by UE specific SRS configuration (i.e., SRS Configuration Index) is 2ms. Moreover, if SRS Subframe Configuration is used in LAA, there can be two possible ways to utilize configured SRS subframe. One is to utilize configured SRS subframe as UL subframe only. The other is to utilize configure SRS subframe as flexible subframe for both of DL and UL. In the former case, SRS Subframe Configuration definitely restricts flexible DL and UL transmission in LAA SCell and hence is not preferred. In the latter case, there is no guarantee that SRS can be transmitted in the configured SRS subframe since it can be utilized for DL transmission. To this end, UE complexity may need to be increased to decide the validity of SRS subframe (e.g., whether SRS subframe is currently used for UL transmission or not). In addition to this, SRS Subframe Configuration may also restrict UL scheduling flexibility. As an example, if a UE transmits UL TX burst and it has PUSCH transmission without SRS triggering in the configured SRS subframe, the UL TX burst should be cut off in the SRS subframe for rate-matching of SRS symbol. Or, if the UE want to transmit consecutive UL TX burst in a configured SRS subframe, it should excessively transmit SRS in the all configured SRS subframes. Overall, it is not preferred to support SRS Subframe Configuration in LAA. If SRS Subframe Configuration is not supported in LAA, it would be natural not to support periodic SRS even with PUSCH transmission.
Proposal #1: RRC-configured SRS subframe set is not supported in Rel-14 LAA.

Proposal #2: Periodic SRS (with PUSCH) is not supported in Rel-14 LAA.
2.2. SRS TX subframe timing
If SRS Subframe Configuration is not supported in LAA, it may need to redefine SRS transmission timing with respect to the time when SRS is triggered. Since SRS transmission is subject to LBT in LAA, eNB should detect whether SRS is really transmitted or not at the subframe where SRS can be transmitted. To reduce eNB complexity for SRS detection, SRS transmission timing should be known at the eNB side. As a simple solution, SRS triggered by a DCI may be always transmitted in the subframe implicitly/explicitly indicated by the DCI.
Proposal #3: SRS triggered by a DCI can be transmitted in the subframe implicitly/explicitly indicated by the DCI.

Specifically, there can be three cases according to SRS triggering DCI type as below.
· Case 1: SRS without PUSCH (via DL grant DCI)
· UE can transmit SRS at (n+4)-th subframe when SRS is triggered at n-th subframe,.

· Case 2: SRS with PUSCH triggered by single subframe scheduling DCI (SSF DCI)

· UE can transmit SRS in the scheduled SF for PUSCH.

· Case 3: SRS with PUSCH triggered by multi-subframe scheduling DCI (MSF DCI)

· UE can transmit SRS in the first or last scheduled SF for PUSCH.

For the third case (Case 3), if SRS is transmitted in the first scheduled SF for PUSCH, all of multiplexed UE should transmit SRS in the first scheduled SF. This may cause collision between SRSs when SRS multiplexing capacity is not enough. If SRS is transmitted in the last scheduled SF for PUSCH, the use of ending TX gap would be restricted. In this case, however, eNB can trigger UEs that really need to transmit SRS rather than all UEs. Therefore, we slightly prefer to transmit SRS in the last scheduled SF for the third case (Case 3).
3. Conclusion
In this contribution, we discussed on the remaining issues of SRS transmission in LAA and the followings were proposed:
Proposal #1: RRC-configured SRS subframe set is not supported in Rel-14 LAA.

Proposal #2: Periodic SRS (with PUSCH) is not supported in Rel-14 LAA.
Proposal #3: SRS triggered by a DCI can be transmitted in the subframe implicitly/explicitly indicated by the DCI.

· Case 1: SRS without PUSCH (via DL grant DCI)

· UE can transmit SRS at (n+4)-th subframe when SRS is triggered at n-th subframe,.

· Case 2: SRS with PUSCH triggered by single subframe scheduling DCI (SSF DCI)

· UE can transmit SRS in the scheduled SF for PUSCH.

· Case 3: SRS with PUSCH triggered by multi-subframe scheduling DCI (MSF DCI)

· UE can transmit SRS in the first or last scheduled SF for PUSCH.
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