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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. 
In this contribution we discuss the channel access mechanism for UL grant transmission and the corresponding impact on the overall system performance. 


2 Discussion
In Rel-13, the channel access procedure is specified for PDSCH transmission. Any PDSCH transmission is accompanied with its corresponding DL control information which is carried by PDCCH/EPDCCH. Moreover, an UL grant containing the scheduling information for the scheduled UL transmission is also carried by the control channel PDCCH/EPDCCH. There have been different proposals in distinguishing LBT for UL grant than for PDSCH.

In the case that UL grant and PDSCH are multiplexed in the same subframe, one set of proposals aiming at prioritizing UL grant transmissions over PDSCH [2] and the other set of proposals impose more constraints on the already constrained uplink transmissions [3].
In the case that UL grant is intended to be transmitted without PDSCH, there are views on adopting a prioritized channel access scheme for UL grant transmission such as LBT based on 25µs CCA [4]
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[5] to increase the probability of UL transmissions considering imposed limitations.
We agree that the UL transmission is very constrained especially in case of self-carrier scheduling as we discussed in details in [6] and observed:
Observation:

· Uplink transmissions in an LAA SCell occur only if all the conditions below are fulfilled:

· Successful LBT by eNB for DL transmission including UL grant in case of self-carrier scheduling

· Successful LBT by the UE for UL transmission before the UL grant expires 
To improve chances of UL transmission, although one can improve the probability of accessing the channel at DL for the UL grant as one of the determining factors, one should carefully examine if that approach meets the goal of an overall system performance enhancement.

It is important to note that an eNB has more flexibility by being in control of the scheduled UL transmissions and hence is capable of adapting accordingly in case of failed LBT. On the other hand the UL transmissions are not only controlled by eNB but also suffer from limited transmission opportunity. This is a severe issue for both self-scheduling and cross-carrier scheduling case. Therefore it is of high importance to assist the UE in increasing its chances for accessing the channel before the grant expires. Therefore 25µs LBT for UL plays an important and vital rule to achieve this goal [6][7]
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[8]. Having said that, in case of self-carrier scheduling when eNB initiate a channel occupancy based on a Cat 4 LBT scheme, the eNB can share its granted MCOT with its associated UEs such that they can attempt to access the channel based on a 25 µs LBT within the MCOT limit.  Therefore by allowing Cat 4 LBT for UL grant irrespective of presence or absence of PDSCH in the same subframe as UL grant, the scheduled UE can benefit the 25 µs LBT for UL channel access which is an determining factor in overall performance improvement.

Observation:

· UL grant subject to a Cat 4 LBT facilitates UL transmission based of 25 µs CCA which is significant for UL improvement.

Another important aspect to consider is the additional complexity in relation to LBT priority class multiplexing rules as a result of associating higher priority LBT schemes for UL grant transmission (for example class 1 or 2) as compared to PDSCH, in particular when they are multiplexed in the same subframe. Based on these rules the UL grant duration limits the PDSCH duration. Moreover since a higher priority LBT class is directly related to a shorter MCOT (for example 2ms or 3ms corresponding to LBT classes 1 or 2, respectively) this approach directly reduces the UL transmission based on 25 µs LBT within the MCOT (for example to maximum duration or 1ms or 2ms corresponding to class 1 or 2, respectively). 

Observation:

· Overall advantage due to mandating high priority Cat 4 LBT class for UL gran is not obvious. The following issues are introduced as a result of mandating a high priority Cat 4 LBT class for UL grant:
· Additional complexity due to LBT priority class multiplexing rules for simultaneous transmission of UL grant and PDSCH.
· Unnecessary restriction to duration of the potential PDSCH and PUSCH duration within the MCOT corresponding to UL grant.
Based on the discussion above, it is in our view that if UL grant is multiplexed with PDSCH, PDSCH determines the Cat 4 LBT priority class for channel access purposes. Moreover when UL grant is intended to be transmitted in the absence of PDSCH, it is still in our view that it is reasonable utilize a Cat 4 based LBT for purpose of accessing the channel. However, we believe that it is up to eNB to choose the LBT priority class. This approach not only simplifies the design but also enables the eNB to adjust the scheduled UL transmission accordingly. For example in heavy UL scenarios an eNB can choose to use a low priority LBT class for UL grant without PDSCH transmission and hence allow more scheduled UL transmissions within the corresponding granted MCOT. On the other hand in scenarios with sparse Uplink transmission, the eNB can use a high priority LBT class for UL transmission. Moreover it is in our view that creating dependency between UL traffic and UL grant LBT class results in unnecessary complications and is ill motivated for a very constrained UL transmission as expressed in [9]
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[10]. 
Finally we summarize the discussion above with the following proposals:
Proposal:
· Rel-13 channel access procedure for PDSCH transmission is used when UL grant is intended to be transmitted with PDSCH. The choice of channel access priority class is determined by the eNB based on the PDSCH.
· Rel-13 channel access procedure for PDSCH transmission is used when UL grant is intended to be transmitted without PDSCH. The choice of channel access priority class is up to eNB.


3 Conclusion
In this contribution we discussed the channel access mechanism for UL grant transmission and the corresponding impact on the overall system performance. Based on the discussion we made the following observations and proposals:

Observation:

· Uplink transmissions in an LAA SCell occur only if all the conditions below are fulfilled:

· Successful LBT by eNB for DL transmission including UL grant in case of self-carrier scheduling

· Successful LBT by the UE for UL transmission before the UL grant expires
· UL grant subject to a Cat 4 LBT facilitates UL transmission based of 25 µs CCA which is significant for UL improvement.

· Overall advantage due to mandating high priority Cat 4 LBT class for UL gran is not obvious. The following issues are introduced as a result of mandating a high priority Cat 4 LBT class for UL grant:
· Additional complexity due to LBT priority class multiplexing rules for simultaneous transmission of UL grant and PDSCH.
· Unnecessary restriction to duration of the potential PDSCH and PUSCH duration within the MCOT corresponding to UL grant.
Proposal:
· Rel-13 channel access procedure for PDSCH transmission is used when UL grant is intended to be transmitted with PDSCH. The choice of channel access priority class is determined by the eNB based on the PDSCH.
· Rel-13 channel access procedure for PDSCH transmission is used when UL grant is intended to be transmitted without PDSCH. The choice of channel access priority class is up to eNB.
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