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1 Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying the efficient operation of uplink LAA [1].  Within the WID scope, the channel access mechanism functionality for UL transmission should be addressed. The subject of contention window size (CWS) adjustment for UL transmission based on Cat 4 LBT was heavily discussed during the previous RAN1 meeting [2] as well as the follow up email discussion [85-05-06]. Three main alternatives listed below (Alt1, Alt2, Alt3-A, Alt3-B) were the outcomes of these discussions on the CWS adjustment for Cat 4 LBT:

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 A:

· 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.
· 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.

· Option B: 
· Reference subframe is the subframe of the most recent UL transmission burst which the UE transmitted successfully. 
·  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).

The advantages and disadvantages of each alternative solution were discussed and some solutions were proposed to further improve some of the alternatives during the email discussion [85-05-06]. However it was realized that more time needed to reach to a common understanding and a unified solution. 

In this contribution we provide an analysis of the proposed alternative and we furthermore explain our proposed solution that we assume can be considered as a reasonable compromised solution.


2 Discussion
As discussed during the email discussion [85-05-06] all the three CWS adjustment mechanisms have their own advantageous and disadvantageous as summarized below:
Alt. 1: 

Pros:

The mechanism provides the fastest feedback since the eNB can signal the CWS increase as soon as it detects a failed transmission. 

It is the simplest solution.
Cons:

The eNB may not detect a transmission from the UE and may fail to increase contention window size in these cases.
It requires large signaling overhead.
Alt. 2:

Pros:

This provides a fast solution for increasing CWS size although this is not as fast as Alt. 1. 

It allows correction at UE side in case of any eNB misinterpretation of successful transmission.

Cons:

The eNB is not aware of the CWS at the UE which may affect the scheduling decision.

It has issues in case of UL grant misdetection.
It requires additional signaling overhead.

Alt. 3:

Pros:

This provides a robust solution.

Cons:

The solution is potentially slower than the other two alternatives for CWS size adjustment depending on the number of HARQ processes used.

The adjustment of the CWS can depend on the eNB’s scheduling decision.
In our view there are couple of important points that need careful consideration while designing the CWS adjustment mechanism s for UL transmission based on the Cat 4 LBT. Firstly, UL transmission based on Cat 4 LBT is not the main mode of operation for UL transmission and the system performance can be considerably improved if majority of the UL transmissions rely on the LBT based on 25 us CCA instead of Cat 4 LBT. Hence it is reasonable and preferable to minimize or even avoid the additional signaling for the purpose of accommodating CWS adjustment for Cat 4 UL LBT and instead reuse the existing signaling as much as possible. Therefore in our view the focus of design should be on a scheme that minimizes the overhead and it is sufficient that the CWS is adjusted properly prior to a Cat 4 LBT attempt. For proper adjustment of the CWS the required information should to be available when needed and the mechanism should function as reliable as possible. Based on the above discussion we make the following observation:

Observations:

· It is preferable to avoid additional signaling overhead and reuse the existing signaling for CWS adjustment for UL transmission based on Cat 4 LBT.
· A robust mechanism for CWS adjustment is beneficial.
· It is sufficient to adjust the CWS for UL Cat 4 LBT before the intended Cat 4 LBT operation at the UE.

It is obvious that Alternative 3 is the only approach that provides means for the CWS adjustment robustly with minimum signaling overhead whereby reusing the existing signaling i.e. the NDI of the HARQ processes of PUSCH transmissions subject to Cat 4 LBT. However as pointed out above, this alternative as in its current form provides the possibly of not accurately adjusting the CWS due to the scheduling decisions. In our view this issue can be resolved by ensuring that all the information needed for proper adjustment of the CWS is intended to be available at the UE. This is not possible without eNB and UE assisting each other since eNB is not aware whether an actual transmission is taken place at UE and the UE is not aware if its transmission experiences collision or not until the corresponding feedback is provided. Moreover the principle for adjustment of the CWS is that CWS is increased if the previous transmission based on Cat 4 LBT encounters errors mainly due to the collision. And the impact of the collision at the beginning of the transmission is more important due to the back off of the interferer. Another concern with Alt. 3 was that if the number of HARQ processes is high, then the adjustment of the contention window may be slow. This can however be solved by placing some very minimal restrictions on the eNB’s use of HARQ process IDs
Therefore we propose that when eNB schedules UL transmissions based on Cat 4 LBT, it informs the UE of the transmissions that are detected erroneously in particular the ones that were expected to occur first by reusing these HARQ process IDs for further scheduling. On the other hand the UE has the knowledge of which of these transmissions have actually taken place. Therefore the UE can determine if the start of its actual transmission is received erroneously or not and whether the CWS is needed to be increases or reset, respectively. Please note that this handshake between eNB and UE can happen any time before the next scheduled UL transmission based on Cat 4 as discussed previously.
Based on the above discussion we propose the following for the CWS adjustments for UL transmissions based on Cat 4:
 Proposal:

· For category 4 LBT for PUSCH transmission on LAA SCell,
· The CWS is adjusted per UE and at UE based on the following procedures at UE and eNB:
The UE procedure: 

· The most recent transmitted burst of contiguous subframes that are transmitted after performing a category 4 LBT procedure and which ended more than 4 ms prior to the current time is defined as the reference transmission burst.

· The first subframe in the reference transmission burst for which a HARQ process ID in that subframe may have been reused for a subsequently scheduled transmission burst is defined as the reference subframe.

· After transmission of the reference subframe, if the UE determines the NDI bit for all the HARQ process IDs in the reference subframe are not toggled, the contention window size is increased to the next higher value for all the priority classes. 
· Else if the UE fails to determine the NDI bit for at least one of the reference HARQ process IDs is toggled or there is no HARQ process ID of the reference subframe, the contention window size of all priority classes is reset. 

The eNB procedure:
· In a transmission burst received on the UL that was scheduled to be transmitted after a category 4 LBT procedure by a UE, the last subframe before a subframe in which at least one transport block was successfully received is defined as the reference subframe at eNB. If no transport blocks in the burst were successfully received, then the last subframe in the burst is the reference subframe at eNB. If at least one transport block was received successfully in each of the subframes in the burst, then there is no reference subframe defined for the transmission burst at eNB.
· If a reference subframe is defined for the transmission burst, the eNB shall schedule data to the UE using all HARQ process IDs in the reference subframe with non-toggled corresponding NDI at or before the time a new transmission burst is scheduled on the UL using a category 4 procedure.

· 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).

We provide few examples illustrated in Figure 2 and Figure 3 for better understanding the proposed CWS adjustment mechanism. Figure 1 provides guidelines for interpretation of the illustrated examples. For the use case demonstrated in Figure 2 we observe that the UL grants in subframe N schedules the same UE with PUSCH transmission in subframe N+4 based on 25µs CCA and PUSCH transmission in subframes N+6 to N+9 based on Cat 4. The UE succeeds with LBT at subframe N+4. However the UE fails with Cat 4 LBT at subframe N+6 but succeeds at subframe N+7 and continues transmission until subframe N+9. The reference subframe from UE is hence subframe N+7 and the corresponding HARQ process IDs are H4 and H5. The first transmitted subframe is heavily interfered as well. At the eNB, TBs corresponding to H2, H3, H4 and H5 are not detected and the TB corresponding to H6 is detected in error for various reasons namely at LBT failure, collision and poor channel conditions. However it is not possible for the eNB to distinguish the reason for erroneous reception. However the reference subframe at eNB is subframe N+7 with corresponding HARQ process ID H4 and H5. Therefore eNB only schedules H4 and H5 with non-toggled NDI. The corresponding UL grant is sent in subframe N+11 and PUSCH based on 25 us CCA is scheduled in subframe N+15 to N+17. The UE determines based on the corresponding UL grant that HARQ process IDs H4 and H5 with non-toggled NDI. Hence the UE increases the CWS for all the LBT priority classes which can be used for the next scheduled Cat 4 UL LBT procedure which is intended for PUSCH transmission in subframe N+19.

The use case shown in Figure 3 is similar to the one in the previous figure however it is assumed that after UE accessing the channel at subframe N+7, the transmission in that subframe is correctly received at the eNB. The reference subframe at UE is still subframe N+7. However the eNB detects that both TBs are in detected in error in subframe N+6, while both TBs are detected correctly in subframe N+7. So from the eNB perspective, reference subframe is N+6. And therefore eNB schedules H2 and H3 with non-toggled as soon as possible. On the other hand for contention window adjustment UE looks for HARQ processes H4 and H5 in its reference subframe N+7 to check if they have been scheduled and if so whether they are non-toggled or toggled (it could be that they were not scheduled at all). Since processes H4 and H5 are toggled, the UE resets the contention window size to minimum for the Cat 4 LBT attempt which is scheduled in subframe N+19.
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Figure 1: Guidelines for interpretations of Figure 2 to Figure 3
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Figure 2: An example of CWS adjustment at UE for the scenario with collision and LBT failure
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Figure 3: An example of CWS adjustment at UE for the scenario without collision but with LBT failure


3 Conclusion
In this contribution we provided an analysis of the proposed alternatives for CWS adjustments for Cat 4 LBT for UL transmission and furthermore made the following observations for a proper design:

Observations:

· It is preferable to avoid additional signaling overhead and reuse the existing signaling for CWS adjustment for UL transmission based on Cat 4 LBT.
· A robust mechanism for CWS adjustment is beneficial.
· It is sufficient to adjust the CWS for UL Cat 4 LBT before the intended Cat 4 LBT operation at the UE.

Finally we proposed the following as our preferred solution for CWS adjustment for the UL Cat 4 LBT: 

Proposal:

· For category 4 LBT for PUSCH transmission on LAA SCell,
· The CWS is adjusted per UE and at UE based on the following procedures at UE and eNB:

The UE procedure: 

· The most recent transmitted burst of contiguous subframes that are transmitted after performing a category 4 LBT procedure and which ended more than 4 ms prior to the current time is defined as the reference transmission burst.

· The first subframe in the reference transmission burst for which a HARQ process ID in that subframe may have been reused for a subsequently scheduled transmission burst is defined as the reference subframe.

· After transmission of the reference subframe, if the UE determines the NDI bit for all the HARQ process IDs in the reference subframe are not toggled, the contention window size is increased to the next higher value for all the priority classes. 

· Else if the UE fails to determine the NDI bit for at least one of the reference HARQ process IDs is toggled or there is no HARQ process ID of the reference subframe, the contention window size of all priority classes is reset. 

The eNB procedure:

· In a transmission burst received on the UL that was scheduled to be transmitted after a category 4 LBT procedure by a UE, the last subframe before a subframe in which at least one transport block was successfully received is defined as the reference subframe at eNB. If no transport blocks in the burst were successfully received, then the last subframe in the burst is the reference subframe at eNB. If at least one transport block was received successfully in each of the subframes in the burst, then there is no reference subframe defined for the transmission burst at eNB.

· If a reference subframe is defined for the transmission burst, the eNB shall schedule data to the UE using all HARQ process IDs in the reference subframe with non-toggled corresponding NDI at or before the time a new transmission burst is scheduled on the UL using a category 4 procedure.

· 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).
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