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1. Introduction

In RAN1#85 [1] and following email discussion, we discussed several options for CWS adjustment for eLAA. This contribution addresses further details on the options and provides our view on CWS adjustment for eLAA.
2. Discussion
Alternatives proposed in the last meeting and following email discussion for CWS adjustment can be categorized into two approaches depending on which entity manages CWS value.
· Approach 1: eNB manages CWS per UE and explicitly indicates CWS value via UL grant.

· Approach 2: eNB provides information necessary for CWS update and the scheduled UE adjusts CWS based on the provided information.

2.1. Approach 1: eNB manages CWS
The detailed proposal for approach 1 was suggested in the last meeting [1] as follows.
	· For category 4 LBT for PUSCH transmission on LAA SCell,
· CWS is managed by eNB and indicated by UL grant.
· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.
· Reference subframe is the starting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used, for which DM-RS or SRS transmission from the UE is detected and PUSCH decoding is completed.
· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB implementation from the set of values from (1, …,8).


This approach would be beneficial in that it makes UE behaviour simple since it is sufficient for UE to just pick the CWS value indicated by eNB. Moreover, since eNB and UE have the common understanding on CWS value, eNB can schedule UL transmission properly based on the expected time required for channel access procedure.
However, eNB may not distinguish whether UE did not transmit UL data due to LBT failure or eNB could not detect UL transmission due to low SINR. In order to confirm the miss detection probability of DM-RS, we evaluated system level simulation. In the simulation, we assumed Cat 4 LBT for both DL and UL transmissions and cross-carrier scheduling case. The detailed simulation assumption can be found in [2]. The performance metric is the received SINR from eNB side in subframes where the scheduled UE actually transmits UL data. The simulation results are shown as follows.
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Figure 1. CDF of received SINR for indoor scenario
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Figure 2. CDF of received SINR for outdoor scenario


From above figures, we can observe that the probability that the received SINR is lower than, for example, -5 dB is around 5 % in the worst case (i.e., high traffic load for outdoor scenario). According to [3], the DM-RS miss detection probability in case of -5 dB SINR seems about 0.1 %. Therefore, it can be interpreted that the probability that UL packet suffers from miss detection more than 0.1 % may be smaller than 5 %. In general, it can be expected the effect of potential miss detection to the CWS update would be marginal. Based on this observation, DM-RS miss detection would be endurable for CWS adjustment.
Observation 1: The impact of DM-RS miss detection on CWS adjustment seems negligible.
2.2. Approach 2: UE manages CWS
For approach 2, the information provided by eNB for CWS adjustment can be the timing when the reference subframe is detected or NDI corresponding to the reference subframe.
Firstly, eNB can indicate the timing when it detects the reference subframe that is defined as the first subframe in a UL transmission burst which the eNB successfully decoded. The timing in which subframe the reference subframe is detected can be determined based on the subframe where UL grant is transmitted or the firstly scheduled subframe of the recent UL transmission burst. If the timing is determined by the UL grant subframe, bit-width for indicating the reference subframe can be larger than approach 1 considering discontiguous transmission in LAA SCell and scheduling latency for UL transmission. Otherwise, if the timing is relatively determined by the firstly scheduled subframe of the recent UL transmission burst, eNB may not know the exact CWS value of a UE when the UE and eNB have a different understanding on the recent UL transmission burst.
Secondly, UE can adjust CWS based on NDI toggling information of the reference subframe that is defined as the first subframe in a UL transmission which the UE successfully transmits. CWS adjustment can be performed without additional signalling overhead. However, it can have a significant problem on the latency for CWS update considering 16 HARQ processes, which may be resolved by indicating HARQ process index of the successfully decoded reference subframe.
Observation 2: Approach 2 may not be suitable for CWS adjustment for UL LBT.
3. Summary and conclusions

In this contribution, we discussed further details on two approaches for CWS adjustment and provided our observations as follows. Therefore, we prefer approach 1 for CWS adjustment for UL LBT.

Observation 1: The impact of DM-RS miss detection on CWS adjustment seems negligible.

Observation 2: Approach 2 may not be suitable for CWS adjustment for UL LBT.

Suggestion: Approach 1 is supported for CWS adjustment for UL LBT.

· Approach 1: eNB manages CWS per UE and explicitly indicates CWS value via UL grant.

· Approach 2: eNB provides information necessary for CWS update and the scheduled UE adjusts CWS based on the provided information.
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