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1. Introduction

In RAN #70 meeting, a new work item (WI) on enhanced LAA (eLAA) was approved with the following objectives [1].
	· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]


In this contribution, we mainly discuss on SRS transmission in LAA SCell, one of the objectives in eLAA WI.
2. Discussion

2.1. Periodic SRS

In LAA SCell, if periodic SRS is supported, transmission opportunity of periodic SRS can be restricted by LBT operation. Moreover, if flexible DL and UL structure is adopted for LAA, periodic SRS transmission would not be useful when there is DL traffic only. Therefore, it is preferred to transmit SRS only when it is needed to estimate channel state of UL. Considering that periodic SRS is of little utility, it seems better not to support periodic SRS in LAA UL.
Proposal #1: Periodic SRS is not supported in LAA UL.

2.2. SRS triggering
To support aperiodic SRS in LAA SCell, it should be determined how to trigger SRS transmission. One way is to set subframes where UE can transmit SRS by RRC signalling (e.g., SRS Subframe Configuration) and eNB trigger by DCI to transmit SRS at the one of the configured subframe as in Rel-13 LTE. However, if LAA performs opportunistic DL/UL transmission according to DL/UL buffer status, configured SRS subframe may not be a UL subframe or even can be used as a DL subframe. In addition, if SRS Subframe Configuration is used in LAA, UE has to decide the validity of SRS subframe (e.g., whether SRS subframe is currently used for UL transmission or not). Therefore, SRS Subframe Configuration may restrict opportunity of SRS transmission while increasing UE complexity. On the other hand, aperiodic SRS triggered by a DCI may be always transmitted in the subframe indicated by the DCI. In this case, SRS Subframe Configuration may not be needed but rate-matching for SRS from different UE may have to be resolved. In our perspective, opportunistic SRS transmission would be more useful in LAA UL and aperiodic SRS without SRS Subframe Configuration would be more preferred.
Proposal #2: RRC-configured SRS subframe set is not used for the aperiodic SRS transmission in LAA SCell.

2.3. SRS symbol location
In Rel-13 LAA DL, partial subframe is introduced to fully utilize MCOT and to make a time gap for CCA of next DL TX burst (i.e., TX gap). Similar to LAA DL, it is expected that the use of TX gap would be also beneficial in LAA UL. More details on the TX gap in LAA UL can be found in our companion contribution in [2]. The TX gap for LAA UL should be designed considering two main usages; (1) to provide time gap for CCA between consecutive UL TX bursts and (2) to provide time gap for CCA of DL TX burst right after UL TX burst (UL to DL switching case). For the former one, it does not matter to create TX gap at the start of the first subframe of UL TX burst (start TX gap) or at the end of the last subframe of UL TX burst (end TX gap). For the latter one, it would be natural to consider end TX gap since starting partial subframe of Rel-13 LAA DL has only one length (e.g., 7 symbols). However, it should be noted that the use of end TX gap for UL TX burst can frequently drop SRS transmission. Therefore, SRS symbol location should be considered with the TX gap for UL TX burst. Regarding this, the following options can be considered.
(1) Option 1: End TX gap

· SRS can be transmitted in the first symbol in any UL subframe.
(2) Option 2: Start TX gap
· SRS can be transmitted at the last symbol in any UL subframe.
As shown in [3], TX gap for UL to DL switching seems essential for LAA UL performance at least for self-carrier scheduling case. In this sense, option 1 would be more preferred since it can utilize dynamic TX gap by DCI indication while option 2 can only utilize a fixed TX gap by TA offset.
Figure 1. SRS symbol location
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(b) Option 2
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Furthermore, if SRS without PUSCH is supported in LAA UL for fast link adaptation, option 1 can support multiplexing of UE transmitting SRS without PUSCH and UE transmitting SRS with followed PUSCH is supported by sharing CCA gap between SRS and SRS with followed PUSCH while option 2 cannot.
Proposal #3: For the following options for SRS symbol location, option 1 is preferred.
· Option 1: End TX gap
· SRS can be transmitted in the first symbol in any UL subframe.
· Option 2: Start TX gap
· SRS can be transmitted at the last symbol in any UL subframe.
For the both of two options, it should be considered how to support multiplexing between SRS and PUSCH only from different UEs. As a simple solution, eNB can trigger SRS transmission as reservation signal even for the UEs intended to transmit PUSCH only. Therefore, no special handling is necessary for multiplexing SRS transmission and PUSCH transmission from different UEs.
Proposal #4: For the both of two options of SRS symbol location, no special handling is introduced for multiplexing SRS transmission and PUSCH transmission from different UEs in a same subframe.
3. Conclusion
In this contribution, we discussed SRS transmission in LAA and the following were proposed:
Proposal #1: SRS only transmission is not supported in LAA UL.

Proposal #2: RRC-configured SRS subframe set is not used for the aperiodic SRS transmission in LAA SCell.

Proposal #3: For the following options for SRS symbol location, option 1 is preferred.
· Option 1: End TX gap
· SRS can be transmitted in the first symbol in any UL subframe.
· Option 2: Start TX gap
· SRS can be transmitted at the last symbol in any UL subframe.
Proposal #4: For the both of two options of SRS symbol location, no special handling is introduced for multiplexing SRS transmission and PUSCH transmission from different UEs in a same subframe.
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