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1. Introduction 
In RAN1#85 [1], the following three alternatives to adjust CWS for UE performed Category 4 LBT were discussed: 

	Alternative 1:
· 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).

Alternative 2:
· For category 4 LBT for PUSCH transmission on LAA SCell
· The reference scheduled burst is the most recent set of contiguous (i.e. without any gap in between) scheduled UL subframe(s) for the UE that is expected to start after a category 4 LBT and is expected to end at least 4 subframes earlier than the subframe in which the following contention window size adjustment is transmitted
· The reference subframe is the first subframe in the reference scheduled burst where the eNB successfully decodes at least one transport block from the UE.
· The position of the reference subframe within the reference scheduled burst is signaled to the UE in the UL grant in which Cat. 4 LBT is signaled as the LBT type to the UE
· The eNB can also signal that no reference subframe was detected
· If the UE first transmitted in the reference scheduled burst earlier than the signaled reference subframe, the CWSs for all the priority classes are increased.
· If the UE first transmitted in the reference scheduled burst later than the signaled reference subframe, the CWSs for all the priority classes are left unchanged.
· If the UE first transmitted in the reference scheduled burst in the signaled reference subframe, the CWSs for all the priority classes are reset.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB and RRC configured to the UE from the set of values from (1, …,8).
Alternative 3:
For category 4 LBT for PUSCH transmission on LAA SCell,
· CWS is adjusted at the UE side.
· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.
· Option 1:
· Reference subframe is the starting transmitting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used.
· Option 2: 
· [QC]: Reference subframe is the subframe of the most recent UL transmission burst which the UE transmitted successfully. 
· 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.
· [QC]: The UE determines the success or failure of its transmission based on the NDI flipping for the HARQ process used for the reference subframe. 
· 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).


In this contribution, we compare above referred alternatives and indicate our preference. In addition, we make suggestions on multi-carrier LBT. 
Additional details for the LBT requirements for the SRS transmission were discussed separately during the email discussion and the following agreement was made: 
	Agreement:
•	For an aperiodic SRS that is not multiplexed with PUSCH in the same subframe,
· If the aperiodic SRS is followed by PUSCH without a gap between SRS and following PUSCH, UE performs LBT indicated for the following PUSCH.
· If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH,
· Within eNB’s channel occupancy, UE performs 25 usec one shot LBT, Outside of eNB’s channel occupancy, UE performs random backoff based on LBT priority Class 1. Choose one of the following options:
· Option 1: UE performs Cat 3 LBT with fixed CWS values. The value is chosen from [3,7].
· Option 2: UE performs Cat 3 LBT with CWS 7.
· Option 3: UE performs Cat 4 LBT.
· FFS: SRS transmission if the gap between SRS and following PUSCH is smaller than Xus.
· FFS the exact value of X > 25us


2. Discussion on UE performed Category 4 LBT
UE can be indicated to perform CAT4 LBT under following scenarios:
· Scenario 1 (Scheduling outside the obtained channel occupancy time): eNB schedules UE on the subframes that are not limited by the current MCOT via explicit timing relationship. 


Figure 1: Illustration of UE scheduling outside MCOT via cross-burst scheduling
· Scenario 2 (Cross-carrier scheduling): eNB can schedule UE on LAA SCell via transmission of UL grant on PCell without performing LBT at eNB as shown in Figure 4.  


Figure 2: Illustration of UE scheduling outside MCOT via cross carrier scheduling
[bookmark: _GoBack]The parameters for the CAT4 LBT are based on the priority class associated with the traffic transmitted on PUSCH. In RAN1#86, it has been agreed that when the UE performs Cat. 4 LBT, it uses the priority class signaled by the eNB. However, the question on how the CW window is maintained and updated is still open. The CW can be maintained as at eNB (alternative 1 of the agreement) or at the UE (alternative 2, 3 of the agreement). In the following table, we made a comparison between the different alternatives.

Table 1: Comparison between different alternatives for CWS maintenance
	
	Advantage
	Disadvantage

	Alternative 1
	· The eNB knows the exact value of CWS to be used by UE, which is useful from scheduling perspective.
· Instant CWS update is possible; no feedback involved in the update.
	· The missed detection by eNB when collision happens will be ignored.
· CWS signaling overhead from eNB to UE.

	Alternative 2
	· Fixes the disadvantage of Alternative 1. (Collision case can be captured.)
· No signaling of CWS from eNB to UE.

	· The signaling overhead to feedback reference subframe position to UE.
· Delayed CWS update due to signaling from eNB to UE on reference subframe.
· Potential misunderstanding between the eNB and UE on the reference subframe.
· The eNB has no idea on the actual CWS at the UE.

	Alternative 3
	· The most exact and precise update of the CWS.
· No signaling of CWS from eNB to UE.
· The eNB can track the current CWS value at the UE, as the update at the UE is based on eNB’s feedback.
	· Feedback signaling overhead from eNB to UE. (If NDI is used, no additional overhead.)
· Delayed CWS update (may not be an issue, as the UE has to receive a grant before the next transmission)




In our view, it is preferable that the CWS is maintained and updated by each UE using such as the NDI bit indicated by the UL grant. 



Figure 3: Error case with Alternative 1
With Alternative 1, the missed detection case by eNB cannot be correctly handled. Note as in Figure 3, when collision occurs, the eNB cannot distinguish the cause of missed DM-RS, whether it is because of collision or the UE delayed its transmission due to LBT failure. The most important function of the CWS adaption shall be the correct handling of collisions and Alternative 1 fails with this. 
Observation 1: The most important function of the CWS adaption shall be the correct handling of collisions and Alternative 1 fails with this.  
As enumerated in Table 1, Alternative 2 also suffers from numerous disadvantages. Important than others, the eNB has no guess at all on the actual CWS value at the UE. Furthermore, as pointed out during the email discussion, there could be potential misunderstanding between the eNB and UE on the reference subframe. 
Observation 2: With Alternative 2, the eNB has no track on the UE’s CWS. Furthermore, Alternative 2 may suffer from misunderstanding between the eNB and UE on the reference subframe, which would result in incorrect CWS adaptation.
With given drawbacks of Alternative 1/2, and the advantage of Alternative 3, we draw the following proposal.
Proposal 1: Alternative 3 is adopted for maintaining the CWS for UE performed CAT4 LBT.  
2.1. CW maintenance at UE  
UE may start performing CAT 4 LBT at any instant after detecting UL grant (DCI format 0A/0B/4A/4B) for the corresponding subframe. If UE cannot complete the LBT before the last scheduled PUSCH in the transmission burst for the UE, UE freezes its contention window counter until next UL grant is received. After UL grant is received, UE continues to decrement its contention window.
UE can update CWS based on the NDI received for the corresponding HARQ process of the reference subframes. If all NDI values corresponding to the HARQ processes in reference subframesare toggled, UE exponentially increases CW for each priority class. Reference subframe can be defined as the subframes of the most recent transmission burst performed with CAT4 LBT at the UE for which feedback is received. This approach closely resembles the WiFi CWS adaptation mechanism where CWS is updated only if block ACK is not received or if all A-MPDUs in the burst are received in error. Secondly, we think that the reference subframes should be defined only for the transmission burst that are preceded by CAT4 LBT at the UE and exclude the bursts that are initiated by CAT4 LBT at the eNB. The choice of reference subframes closely resembles recent 802.11ax decisions where scheduled UL transmissions are not used for updating CW at the UE. 
[image: ]
Figure 4: An illustration of CW update and the reference subframes at the UE
Proposal 2: If all NDI values corresponding to the HARQ processes in reference subframeare toggled, exponentially increase   for each priority class . 
Proposal 3:  Reference subframes are the subframes of the most recent transmission burst performed with CAT4 LBT at the UE for which feedback is received.
2.2. Multicarrier LBT 
In Rel-13 LAA [2], two alternatives (type A, type B) of CW update were agreed for operation of LAA eNB on multiple component carriers. For type A, eNB performs CAT4 LBT only on one unlicensed carrier, while in type B eNB performs CAT4 LBT on more than one licensed carrier before transmitting PDSCH on multiple CCs. 
The same mechanism that is performed at the eNB can be extended at the UE performing CAT4 LBT on multiple component carriers as illustrated in Table 2 below. Note that Type A and Type B applies only to the CCs for which Cat 4 LBT is required.  






Table 2: Details of UL LBT for Multicarrier operation (mapping based on Rel-13 LAA)
	Type of UL LBT
	Comments

	Type A1
	Count N is independently chosen for each CC requiring CAT4 LBT. Perform LBT on all CCs independently. All CCs perform CW update independently. All CC over which tx is perform reset N. CC not successful in completing LBT wait 4 CCA slot before resuming CW. 

	Type A2
	Choose N for each CC requiring CAT 4 LBT based on the largest CW (among the CCs scheduled for transmission). All CC perform CW update independently. UE transmit on CCs which complete LBT before scheduled subframe. UE reinitialize N for all CC after tx. 

	Type B1
	Choose one of the channel for backoff either randomly or semi-statically for contention. Perform single interval LBT on other channels before transmission. Update CW if at-least 80% of HARQ/ACK in the reference UL subframes is determined as NACK. 

	Type B2
	CW is independently maintained at eNB. Choose channel with highest CW is used for contention. Other channel use single interval LBT  



If UE maintains the CW, UE may employ any of the above 4 options. The choice of UL LBT option to be performed should be left to UE implementation. 
Proposal 4: Allow both type A and type B mechanisms for multi-carrier UL operation. Choice of type A and Type B for UL LBT is up to UE implementation.  
3. LBT for SRS transmission 
Before the transmission of SRS transmission without PUSCH outside eNB’s channel occupancy, UE should perform LBT for fair-co-existence. As one option, CWS can be fixed (CAT3) or CW is maintained according to CAT4 LBT as described in Section 2. If CWS is fixed, then effectively, it creates additional priority class that is not supported by WiFi/LAA, which has not been tested during the coexistence study. In our view, SRS transmission without PUSCH can be performed with CAT4 LBT using priority 1. Similar to Rel-13 LAA, all priorities of the CW is updated based on the traffic of any of the priorities. Thus, even if SRS transmission does have feedback and if UE does not have any priority class 1 traffic, priority 1 for SRS transmission is possible without any issue. 
Proposal 5: For an aperiodic SRS that is not multiplexed with PUSCH in the same subframe and SRS is transmitted outside of eNB’s channel occupancy, UE performs random backoff based on LBT priority class 1.
4. Conclusions
In this contribution, remaining design details on UL LBT were discussed and the following proposals were made. 

Proposal 1: Alternative 3 is adopted for maintaining the CWS for UE performed CAT4 LBT.  
Proposal 2: If all NDI values corresponding to the HARQ processes in reference subframeare toggled, exponentially increase   for each priority class . 
Proposal 3:  Reference subframes are the subframes of the most recent transmission burst performed with CAT4 LBT at the UE for which feedback is received.
Proposal 4: Allow both type A and type B mechanisms for multi-carrier UL operation. Choice of type A and Type B for UL LBT is upto UE implementation.  
Proposal 5: For an aperiodic SRS that is not multiplexed with PUSCH in the same subframe and SRS is transmitted outside of eNB’s channel occupancy, UE performs random backoff based on LBT priority Class 1.
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