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1 Introduction
The CWS adjustment for UL Cat.4 was discussed at RAN1 #85 meeting [1] as well as the following email discussion [85-5-6], where three alternatives were presented to be down selected. In this contribution, we analyze the pros and cons for Alt.1, Alt.2, Alt.3, and provide our preference for UL Cat.4 CWS adjustment.
2 Analysis for UL Cat.4 CWS adjustment alternatives
2.1 Three alternatives

Based on the #85 meeting and the following email discussion [85-5-6], three alternatives were presented, differentiating on which side the CWS is managed, including eNB side (Alt.1), UE side (Alt.3), and jointly at eNB and UE sides (Alt.2). It should be noted that Alt.2-1 and Alt.2-2 were shown as two sub-alternatives of Alt.2.
Alt.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).
Alt.2-1:

· 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).
Alt.2-2:

· For category 4 LBT for PUSCH transmission on LAA SCell
· Consider an n-bit number N that is indicated to the UE along with the UL grant in order to update the CWS. 
· Let the indication be sent in the current subframe X
· The value of N ranges from 0 to 2^n-1
· The reference subframe R is the first subframe in a burst (a set of contiguous subframe(s)) which the eNB decoded successfully. The reference subframe cannot be later than X-4 i.e. R <=X-4. The values from 1 to 2^n -3 represent the offset of the reference subframe R from subframe X-4 i.e. 1 corresponds to subframe X-4, 2 corresponds to X-5 , 2^n -3 corresponds to X-2^n. So, R=X-3-N, X-4<=R<= X-2^n.
· If the value of N is 0, the UE always increases the CWSs for all the priority classes. This will be used if the eNB decision was to increase the CWS and the reference subframe R is earlier than X – 2^n ( i.e. if R < X -2^n) 
· If the value of N is 2^n-2 ,the UE always resets the CWSs for all priority classes. This will be used if the eNB decision was to reset the CWS and the reference subframe is earlier than X – 2^n (i.e. if R < X -2^n) 
· If the value of N is 2^n-1, the UE keeps the CWSs for all the priority classes unchanged. This will be used if the eNB decision was to leave the CWS unchanged and the reference subframe is earlier than X – 2^n( i.e. if R < X -2^n)
· If the value of N is from 1 to 2^n -3 (1<=N<=2^n-3)
· If the UE first transmitted earlier than the signaled reference subframe (R=X-3-N) as a part of the same burst as the reference subframe, the CWSs for all the priority classes are increased.
· If the UE first transmitted later than the signaled reference subframe (R=X-3-N) as a part of the same burst as the reference subframe, the CWSs for all the priority classes are left unchanged.
· If the UE first transmitted in the signaled reference subframe (R=X-3-N), the CWSs for all the priority class are reset.
· The CWS is reset by the UE 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).
Alt.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: 
· 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.
· 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).

2.2 Analysis of different alternatives
In the following we analyze the pros and cons for the three alternatives.
Alt.1:
· Pros: Alt.1 has lower complexity and less specification impact as compared to Alt.2 since the CWS adjustment is performed only at the eNB side. In addition, in contrast with Alt.2 and Alt.3, the eNB and the UE have the same understanding of the CWS as the CWS value is explicitly indicated by the eNB. This may facilitate the eNB to foresee the expected CCA duration at the UE side when scheduling and avoid wasted waiting time. For Alt.2 and Alt.3, in contrast, the eNB cannot exactly know the CWS at the UE side.
· Cons: The main disadvantage of Alt.1 is the reliability of DMRS/SRS detection, under which case the eNB may mistakenly consider UL DTX due to hidden node as LBT failure and do not increase the CWS window accordingly. Alt.1 has signaling overhead for CWS indication, but this overhead can be reduced by using joint coding with e.g., other LBT parameters as shown in our companion contribution [2].
Observation 1:
Alt.1 is easy to implement with small signaling overhead. The only uncertainty depends on DMRS/SRS detection reliability, which is quite reliable according to [3].
Alt.2:
· Pros: Alt.2 avoids the ambiguity of understanding the reference subframe due to DMRS/SRS detection failure as compared to Alt.1.
· Cons: Alt.2 is more complex as compared to Alt.1 and Alt.3 since Alt.2 has to be jointly performed at the eNB side and the UE side. Meanwhile, Alt.2 has the largest overhead among the three alternatives, i.e., the number of candidate CWS values is up to 7 (priority class 3 and 4) in Alt.1 while the candidate positions of a subframe within a burst can be up to 10 (corresponding to 10ms burst length) in Alt.2. In addition, considering the CWS is not explicitly indicated in Alt.2, mismatch of CWS understanding between the eNB and the UE may occur after the UE misses an UL_grant. Some other disadvantages are shown below for Alt.2-1 and Alt.2-2 respectively.
· For Alt.2-1, ambiguity of reference scheduled burst/subframe may occur in case UE misses UL_grant, which would impact the CWS adaptation at the UE side. As an example in the following figure, the eNB schedules 5 consecutive single subframes #n-5 to #n-1, however the UL_grant in subframe #n-3 is missing. Based on LBT success, UE transmits in UL subframe #n-4, #n-2 and #n-1. Suppose all the 3 subframes are correctly received at the eNB side. From eNB perspective, the RSB (reference scheduled burst) is {#n-5, #n-1} and the RSF=2 (reference subframe); from UE perspective, the RSB is {#n-2, #n-1} and the RSF =1. When UE receives RSF=2 from the eNB, the UE would wrongly double the CWS window.
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Figure 1 Alt.2-1 may cause incorrect CWS adjustment operation
· For Alt.2-2, although the ambiguity of reference burst issue is solved in contrast with Alt.2-1, more impact on specification and overhead is imposed. Firstly, additional eNB operation needs to be implemented if the reference subframe position is earlier than X – 2^n. Secondly, additional discussion and possible evaluation is required to optimize the value of n to achieve the trade-off between overhead and CWS accuracy. In addition, the overhead of Alt.2-2 may be further increased compared with Alt.2-1 if the value of n is specified as a large value, e.g. 8.
Observation 2: 
Alt.2 has biggest implementation complexity and signaling overhead. To be more specific, Alt.2-1 has error case when UL_grant is missed, which is especially serious in multi-subframe scheduling case; Alt.2-2 needs additional eNB and UE implementation compared to Alt.2-1, as well as much specification effort to find a proper value of n, which also consume large signaling overhead. 

Alt.3:
· Pros: Alt.3 has lower complexity as compared to Alt.2 since the CWS adjustment is performed only at the UE side with no specification impact at the eNB side. In addition, Alt.3 has no signaling overhead. Furthermore and the most important, the UL reference subframe is only determined by the UE without involving the eNB, which avoids both ambiguity due to both DMRS/SRS detection failure and UL_grant miss as Alt.1 and Alt.3, respectively.
· Cons: One potential drawback is the eNB cannot know the exact CWS at the UE side. That is, when the UL LBT fails, the UE would not double the CWS window while the eNB may increase the CWS since it may interpret the result as UL contention. However in this case, the CWS maintained at the eNB side is always larger than the actual CWS maintained at the UE side. Thus this mismatch would not impact the fair coexistence when eNB takes it account into the scheduling decision. In addition, since the CWS would jump to the minimum value as soon as an ACK is received, there is not too often chance that the eNB and UE would have big mismatch of CWS window. Another drawback is that the eNB needs to timely send the UL_grant with the same HARQ ID as the reference subframe to enable fast CWS adjustment at the UE side, which imposes some scheduling restriction. However, given the rich number of HARQ ID in SSF and MSF for eLAA, the scheduling restriction on HARQ ID may not be a critical issue.  It should be noted that the CWS adjustment of Alt.3 is not much slower than Alt.1 or Alt.2 as mentioned during the last meeting, because the UE can adjust the CWS and perform LBT as soon as it receives the UL_grant in all the 3 alternatives.
In addition, in the following we would like to clarify the reference subframe which was not clearly provided by option 1 and option 2. Reference subframe should be defined as the first successfully transmitted subframe of the most recent UL transmission burst for which a Cat.4 LBT was used, where later UE should receive the toggled/non-toggled NDI with the same HARQ ID as in the reference subframe. 
Observation 3:
Alt.3 has lowest complexity and no signaling overhead. It would impose some eNB scheduling restriction on the HARQ ID selection. However, that might not be critical given there are 8/16 HARQ process ID in single subframe and multi-subframe scheduling cases.
A brief summary of the pros and cons for the three alternatives is also given in the table below. 
Table 1 Pros and cons of the three alternatives

	
	Alt.1
	Alt.2-1
	Alt.2-2
	Alt.3

	Complexity 
	Low
	Medium
	High
	Lowest

	Signaling overhead
	Medium 
	High
	High
	No overhead

	CWS adjustment error due to UL_grant miss
	No
	Yes
	No
	No

	CWS adjustment error due to DMRS/SRS detection unreliability
	Yes
	No
	No
	No

	Mismatched CWS at eNB and UE side
	Low
	Medium
	Medium
	Medium

	eNB scheduling restriction on HARQ ID
	No
	No
	No
	Yes


Considering large signaling overhead, CWS adjustment error case and increased complexity, Alt.2 is not preferred. 
Alt.3 is slightly preferred due to low complexity, no error case and no signaling overhead. As we discussed above, the eNB scheduling restriction on HARQ process ID is not a critical factor.

In addition, Alt.1 is also acceptable if the eNB detection of DMRS /SRS is sufficiently reliable. 
3 Conclusions
In this contribution, we compared the three alternatives and showed our preference for UL Cat.4 CWS adjustment in eLAA. Based on the discussions, following conclusions are drawn:
Observation 1:

Alt.1 is easy to implement with small signaling overhead. The only uncertainty depends on DMRS/SRS detection reliability, which is quite reliable according to [3].

Observation 2: 
Alt.2 has biggest implementation complexity and signaling overhead. To be more specific, Alt.2-1 has error case when UL_grant is missed, which is especially serious in multi-subframe scheduling case; Alt.2-2 needs additional eNB and UE implementation compared to Alt.2-1, as well as much specification effort to find a proper value of n, which might consume much signaling overhead. 

Observation 3:
Alt 3 has lowest complexity and no signaling overhead. It would impose some eNB scheduling restriction on the HARQ ID selection. However, that might not be critical given there are 8/16 HARQ process ID in single subframe and multi-subframe scheduling cases.
Proposal 1: Alt.3 is recommended for UL Cat.4 CWS adjustment due to the advantages of no signaling overhead, no CWS adjustment error case and low complexity.
Reference subframe definition: the first successfully transmitted subframe of the most recent UL transmission burst for which Cat.4 LBT was used, where later the UE should receive the toggled/non-toggled NDI with the same HARQ ID as in the reference subframe.
Proposal 2: Alt.1 is also acceptable if the eNB detection of SRS/DMRS is sufficiently reliable. 
Proposal 3: Alt.2 is not preferred due to largest signaling overhead, significant specification effort and implementation complexity.
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