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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. SRS only transmission
Considering that the main purpose of SRS is to estimate channel quality on the UL, it is natural to transmit SRS in the interference environment similar to PUSCH transmission. In this regard, it would be desirable for UE to transmit SRS with prior UL LBT operation. If UE transmits SRS based on the results of UL LBT operation, eNB should perform blind decoding even in the SRS triggered subframe to determine whether SRS is really transmitted or not. However, if SRS only transmission is allowed in LAA, eNB should detect the existence of SRS with only 1 SRS symbol. It may be unreliable and eNB can incorrectly estimate the UL channel quality. One simple way to resolve this problem is to exclude the SRS only transmission case. For example, SRS will be transmitted always with adjacent PUSCH (or PUCCH) and eNB can more easily detect SRS with the PUSCH (or PUCCH) DM-RS.
Proposal #1: SRS only transmission is not supported in LAA UL.

2.2. Periodic SRS and SRS Subframe Configuration
Considering opportunistic transmission in LAA, the benefit of periodic SRS is questionable. For example, if SRS only transmission is not supported in LAA UL as in section 2.1, there will be little possibility for a UE to transmit periodic SRS since PUSCH (or PUCCH) transmission at the configured SRS subframe may not be guaranteed. Therefore, aperiodic SRS is more preferred in LAA UL.
Proposal #2: Periodic SRS is not supported in LAA UL.
If periodic SRS is not supported in LAA UL, it should be considered whether to keep SRS Subframe Configuration or not for aperiodic SRS. If SRS Subframe Configuration is kept, SRS can be transmitted at the subframe which is configured by eNB and has PUSCH (or PUCCH) transmission. However, if LAA performs opportunistic DL/UL transmission according to DL/UL buffer status, configured SRS subframe may not have PUSCH (or PUCCH transmission) or can be used as temporal DL subframe. Hence, SRS Subframe Configuration can restrict SRS transmission as shown in Figure 1. On the other hand, aperiodic SRS triggered by an UL grant may be always transmitted in the subframe where the PUSCH scheduled by the UL grant is transmitted. 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 #3: For aperiodic SRS, it should be discussed whether SRS Subframe Configuration by RRC is necessary or not.
Figure 1. Aperiodic SRS with or without SRS Subframe Configuration
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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. For option 1, TA offset is applied to create a TX gap for the UL to DL switching case as described in [2]. For option 2, end TX gap is provided for the UL to DL switching case.
(1) Option 1: Start TX gap
A. SRS can be transmitted at the 14th symbol in any UL subframe.
Figure 2. SRS symbol location; Option 1
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(2) Option 2: End TX gap
A. SRS can be transmitted in the 14th symbol only in a UL subframe which is a full subframe.

Figure 3. SRS symbol location; Option 2-A
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B. SRS can be transmitted in the last symbol of any UL subframe (flexible SRS symbol position in a subframe).
Figure 4. SRS symbol location; Option 2-B
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C. SRS can be transmitted in the first symbol in any UL subframe.

Figure 5. SRS symbol location; Option 2-C
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Proposal #4: For SRS symbol location the following options can be considered.
· Option 1: Start TX gap
· A. SRS can be transmitted at the 14th symbol in any UL subframe.
· Option 2: End TX gap
· A. SRS can be transmitted in the 14th symbol only in a UL subframe which is a full subframe.
· B. SRS can be transmitted in the last symbol of any UL subframe (i.e., flexible SRS symbol position in a subframe).
· C. SRS can be transmitted in the first symbol in any UL 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: Periodic SRS is not supported in LAA UL.
Proposal #3: For aperiodic SRS, it should be discussed whether SRS Subframe Configuration by RRC is necessary or not.
Proposal #4: For SRS symbol location the following options can be considered.

· Option 1: Start TX gap
· A. SRS can be transmitted at the 14th symbol in any UL subframe.
· Option 2: End TX gap
· A. SRS can be transmitted in the 14th symbol only in a UL subframe which is a full subframe.
· B. SRS can be transmitted in the last symbol of any UL subframe (i.e., flexible SRS symbol position in a subframe).
· C. SRS can be transmitted in the first symbol in any UL subframe.
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