Page 1

3GPP TSG RAN WG1 #86bis
R1-1609954
October 10th – 14th 2016

Lisbon, Portugal
Agenda item:
7.1.7
Source: 
Qualcomm Incorporated
Title: 
On UE assumptions on UL LBT and start of UL transmission
Document for:
Discussion and Decision
1
Introduction
In this document, we discuss and propose clarifications in various scenarios of success/failure of UL LBT and what the UE can assume is the start of UL transmission. 
2
UE assumptions on UL LBT
2.1
UE receives two UL grants needing Cat 4 LBT
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Figure 1: UL LBT within a UE acquired channel occupancy
In this scenario shown in Figure 1, the UE receives two UL grants for transmission in non-contiguous UL subframes both of which need Cat 4 LBT as indicated in the UL grants. Based on the current eLAA agreements, it is allowed for the UE to start transmission corresponding to UL grant B with a Cat 4 LBT. 
However, based on the principles of a paused channel occupancy time, the UE may also resume transmission corresponding to UL grant B with a 25us LBT just before the start of transmission if the entire transmission corresponding to UL grant B falls within the channel occupancy acquired by the UE by performing a successful Cat 4 LBT for transmitting PUSCH corresponding to UL grant A. 
Note that this is also applicable in the scenario where the gap between end of UL transmission corresponding to UL grant A and start of UL transmission corresponding to UL grant B satisfies the 100us pause criterion as defined in Table 15.2.1-1 in TS 36.213. 

Proposal 1: When the UE is scheduled two sets of UL subframes with Cat. 4 LBT, with two different UL grants and the UE successfully completes Cat 4 LBT for transmission on any of the subframes in the first set of UL subframes, then the transmission on the second set of subframes can be started with a Type 2 channel access procedure at the UE, if all the subframes scheduled in the second set fall within the channel occupancy started by the UE while transmitting the first scheduled set of UL subframes. 
2.2
Type B multi-carrier LBT at the eNB
In RAN1#86, the condition in which the eNB, when it performs a Type B channel access procedure, can share its channel occupancy with its UEs are agreed as below [1]:

Agreement:
An eNB starting the DL transmission based on Type B multi-carrier LBT acquiring a given MCOT, can share its channel occupancy with its UEs on each of the carriers completing 25us LBT in the DL, if the UL transmission follows the previous subframes (DL transmission or UL transmission from other UEs on the same carrier) with a gap of not more than 25us and a successful 25us UL LBT is performed by the UE within the gap.
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Figure 2: MCOT sharing between the eNB and UEs when eNB performs Type B channel access
In this scenario shown in Figure 2, the eNB has performed Type B LBT with 25us LBT being performed on the second LAA SCell and shared its channel occupancy with a single UE on both the serving cell performing Cat 4 LBT and the serving cell performing 25us LBT. However, the UE is not aware of the type of channel access procedure used by the eNB on a given serving cell. 

Our interpretation of the above agreement is that, if the UE fails to clear LBT on the first U subframe of the LAA SCell on eNB performs 25us LBT, then the UE shall not transmit in subsequent subframes. However, realizing this agreement is not feasible as the UE is unaware of the channel access procedure used by the eNB on a given serving cell. 
Even if the channel access procedure used by the eNB is signaled to the UEs, a UE which is scheduled in the later U subframes of a channel occupancy and not in the earlier subframes may not know the success or failure of LBT by the other UEs which were scheduled previously. For example, in Figure 2, UEs 3 and 4 would not know the success or failure of the UL LBT from UE1 and UE2. 
Thus, implementing this agreement is not feasible in practice unless additional signaling is included and the eNB scheduler is restricted to schedule only one UE in the serving cells on which 25us LBT is performed by the UE. This is also undesirable as it severely constrains the eNB scheduler to not use TDM scheduling of UEs. To solve this issue, we propose that the additional constraints for transmission be removed. 
Proposal

The above agreement is amended as follows
· An eNB starting the DL transmission based on Type B multi-carrier LBT acquiring a given MCOT, can share its channel occupancy with its UEs on each of the carriers completing 25us LBT in the DL, if the UL transmission follows the previous subframes (DL transmission or UL transmission from other UEs on the same carrier) with a gap of not more than 25us and a successful 25us UL LBT is performed by the UE within the gap
2.3
UE assumptions on the start of transmission
If a UE receives DCI Format 0B and 4B scheduling more than one UL subframe and if the UE fails to transmit in the first scheduled subframe, then it is currently undefined what the UE should assume about the start of UL transmission in subsequent subframes. To resolve this ambiguity, we propose the following alternatives.

Proposal 

Alt 1: UE assumes that the PDCCH starting position signalled in DCI Format 0B and 4B scheduling more than one UL subframe applies to the first transmitted subframe based on the success of LBT.
Alt 2:  UE assumes that the PDCCH starting position signalled in DCI Format 0B and 4B applies only to the first scheduled UL subframe and for each subsequent subframe the UE starts transmission at the symbol 0 boundary if the LBT did not succeed in the first scheduled subframe.
3 
Conclusions

In this document, we discussed some open aspects on the UE assumptions for UL LBT and the start of UL transmission. In specific, we propose that
Proposal 1: 
· When the UE is scheduled two sets of UL subframes with Cat. 4 LBT, with two different UL grants and the UE successfully completes Cat 4 LBT for transmission on any of the subframes in the first set of UL subframes, then the transmission on the second set of subframes can be started with a 25us LBT if all the subframes scheduled in the second set fall within the channel occupancy obtained by the UE while transmitting the first scheduled set of UL subframes. 

Proposal 2: 
· The agreement is amended as follows: An eNB starting the DL transmission based on Type B multi-carrier LBT acquiring a given MCOT, can share its channel occupancy with its UEs on each of the carriers completing 25us LBT in the DL.
Proposal 3: Choose between the following

· Alt 1: UE assumes that the PDCCH starting position signalled in DCI Format 0B and 4B scheduling more than one UL subframe applies to the first transmitted subframe based on the success of LBT.
· Alt 2:  UE assumes that the PDCCH starting position signalled in DCI Format 0B and 4B applies only to the first scheduled UL subframe and for each subsequent subframe the UE starts transmission at the symbol 0 boundary if the LBT did not succeed in the first scheduled subframe.

4 
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