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The new Rel-14 work item on enhanced LAA is tasked with specifying efficient operation of uplink LAA [1].  Within the WID scope, the channel access mechanism functionality for UL transmissions should be addressed. 
In our previous contribution we discussed how the LAA uplink performance is constrained and improvements can be achieved by allowing faster LBT for UL channel access as well as multi-subframe scheduling [2]. These aspects were discussed in detail and the discussions resulted in the following high level agreements in RAN1#84 [3]:

Agreements:
· Support UL LBT based on a Cat-4 channel access procedure.
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· FFS: Condition and restriction on when these options are used

Agreement:
· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail

The follow up email discussion [84-16] provided an opportunity to discuss UL channel access in detail. In our companion contributions, we present the system performance of self-carrier scheduling and cross-carrier scheduling with various channel access schemes [4][5]. In this contribution, we discuss the key aspects of UL channel access and present some proposals on UL channel access procedures. Some signalling that may be required between eNBs and the UEs for the purpose of channel access are discussed in [7].

Discussion
We continue in this section by explaining our view on the design details on UL LBT scheme using the questions in the email discussion [84-16] which for ease of discussion are listed below:
· Does eLAA support UL transmission within an MCOT acquired by the eNB and containing in part DL transmissions?
· If the sum total duration of DL and UL transmissions and UL LBT is less than the MCOT, is it sufficient for the UE(s) to perform a single 25us LBT to access the channel and start UL transmission?
·  If the duration of DL transmission is smaller than the MCOT, but the sum total of DL and UL transmission including UL LBT exceeds the MCOT, what is the UE LBT behavior?
· For self-scheduled UL, is the UL traffic sent on the unlicensed spectrum a function of the LBT priority class used by the eNB to transmit a DL subframe containing the UL grant?
· For self-scheduled UL, if the eNB only transmits UL grants without PDSCH, what is the LBT priority class that the eNB should use to gain medium access?

In this section we discuss some important aspects that pertain to the above questions and make some proposals on UL channel access procedures.
Scheduled Access
It needs to be emphasized that all UL transmissions that are being considered for enhanced LAA are scheduled in one form or another. It is worthwhile to discuss what this means in principle and also its implications for channel access opportunities in practice. Scheduled access essentially means that the UE is only allowed to transmit at the time for which the UE is permitted to transmit. The permission could be given via dynamic or semi-static signalling. This is fundamentally different from an autonomous UL regime where the UE is allowed to transmit at any time and is not required to be permitted to transmit in any way by another node.
As an example, consider the LAA UL which can at most get an opportunity to transmit at one time instant per millisecond (assuming no partial TTIs are defined for the UL). In contrast, with 9 microsecond slots, a Wi-Fi AP/STA or an LAA eNB can access at approximately 111 (1000/9) instances. That is, an LAA UE is disadvantaged by a factor of more than a 100 in any given 1 ms interval. It should be noted that this would be the case for every subframe in which the UE has a grant to transmit. If the UE receives grants only for one or a limited number of subframes, the situation is much worse. 
Another aspect that needs to be considered is that an LAA UE must first send a scheduling request when it has some data to transmit. This scheduling request causes a delay which depending on the PCell type (TDD/FDD, TDD configuration etc.) could be as high as 10 ms. Once the scheduling request is received, the eNB must then send a UL grant. Once the UE receives the UL grant it can attempt to access the channel for the time for which the grant is valid and if the LBT procedure completes successfully, only then it can access the channel. It is important to consider the fact that any scheduled system must have a scheduling request and therefore the basic procedure above needs to be followed.
The above two facts are the greatest determinant of channel access performance for LAA UEs. This is the main reason why in spite of using a single CCA of 25 microseconds, even for cross-carrier scheduling, LAA UL performance still suffers in comparison to Wi-Fi as shown in [5] and category 4 LBT procedures that have large contention windows significantly limit LAA UL performance. The evaluations in [4][5] also show that the same dynamic holds for multi-channel operation as well with both self and cross-carrier scheduling.  
We therefore propose the following.
Proposal: 
· Support UL LBT based on a CCA in a fixed duration of 25 µs before the UL transmission burst for both self-carrier and cross-carrier scheduling
· Support UL LBT based on a Category 4 channel access procedure with a minimum contention window size of 3 and a maximum contention window size of 7 for both self and cross-carrier scheduling. 
· Support multi-carrier LAA UL operation based on a CCA in a fixed duration of 25 µs on each carrier.
· Support the same multi-carrier LAA UL operation based on Category 4 channel access procedures as for the DL in Rel-13.
Channel Occupancy Sharing
When an eNB performs an exponential random backoff or Cat 4 LBT with a given MCOT and acquires access to the channel, it is legitimate to share its channel occupancy with its UEs up to the MCOT limit. This functionality is a fundamental principle of Wi-Fi operation and it makes sense to be considered for LAA where LAA UEs have limited opportunity to access the channel. Moreover it is in line with the discussions in ETSI BRAN on which some more details are provided in the following.
When a node initiates a channel occupancy or, in other words a transmission, by performing an exponential random backoff, it is allowed to share its channel occupancy with other nodes, referred to as responding nodes. This is a core principle of Wi-Fi operation where an AP that can share its channel occupancy with its STAs. Similarly, an eNB can share its channel occupancy with its UEs. The corresponding rules, in line with the ETSI BRAN discussions [9], imply that gaps between these transmissions are allowed. Moreover if a gap is within 16 µs, the transmission after the gap can occur without channel sensing. For larger gaps, an LBT based on a CCA of at least 25 µs is required prior to transmission. Moreover the rules require that the total channel occupancy by the initiating and responding nodes, i.e. DL and UL transmissions in case of LAA shall not exceed the corresponding MCOT. Note that gaps larger than 25 µs are allowed, but any gap larger than 16 µs shall not be included in the total channel occupancy.  
In practice, an eNB may schedule a UE where its transmission falls outside the MCOT restrictions described above. In this case, the eNB may direct the UE to perform a Cat 4 LBT prior to its transmission. However the scheduling is completely in control of eNB and the responsibility to meet these MCOT requirements is up to the eNB. Therefore the specification should allow the eNB to signal to the UE whether 25 µs or Cat 4 LBT is to be used for any particular subframe as we discuss more in details in our companion contribution [7]. Moreover LAA UL performance is already heavily disadvantaged due to the limited number of positions where transmissions can start as discussed in the previous section. The evaluation results presented in [4][5] also clearly confirm this behavior and also illustrate no problems in coexisting with a neighboring Wi-Fi network. Therefore, additional restrictions such as coupling UL traffic to the DL LBT priority class cannot be justified and are not well motivated.
We would like to highlight that with respect to the LBT for UL grant without PDSCH we prefer Category 4 LBT where the eNB can choose the proper LBT priority class. We have provided more details in our companion contribution [8].
Based on the above investigation and explanations we propose the following:
Proposal:
· For the DL and UL transmissions occurring on the same channel, an eNB (UE) that initiates a DL transmission and occupies the channel based on a Cat 4 LBT with a given MCOT, can share its channel occupancy with its UEs (eNB) such that the total transmission duration by the eNB and UEs does not exceed the MCOT limit. 
· Any gap between two consecutive transmissions that is larger than 16 µs shall not be included in the total transmission duration.
· An LBT based on a 25 µs CCA can be performed for any of the new transmission within the MCOT limit except the initial DL transmission.


Other Aspects
Considering the severe constraints on a scheduled system as described above, and the fact that in a scheduled system, the knowledge of the QoS of traffic is at the UE whereas the eNB will have to control channel access as discussed here and in [7], there should be no restrictions on the type of traffic that can be carried by the UE on the UL. That is, the UE should simply be able to access the channels at the scheduled times as per the eNB’s signalled instructions and when channel access is obtained, the UE should be free to send whatever traffic it needs to. It is the eNB’s responsibility to ensure that the channel occupancy requirements are met since it manages the LBT procedures to be used and the subframes where the UE is allowed to attempt transmission.
Proposal: 
· There are no restrictions on the traffic sent on the UL when the UE gains access to the channel in the subframes scheduled by the eNB.

Finally in our view, the requirements on the energy detection threshold can follow the agreement reached in Rel-13 for PDSCH transmission.
Proposal:
· Align the requirement on the energy detection threshold for PUSCH transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.

Conclusion
In this contribution we discuss UL LBT procedures for enhanced LAA. Based on the evaluation results and further analysis we made the following proposals:

Proposal:
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst for both self-carrier and cross-carrier scheduling
· Support UL LBT based on a Cat-4 channel access procedure with a minimum contention window size of 3 and a maximum contention window size of 7 for both self and cross-carrier scheduling
· Support multi-carrier LAA UL operation based on a CCA in a fixed duration of 25 µs on each carrier.
· [bookmark: _GoBack]Support the same multi-carrier LAA UL operation based on Category 4 channel access procedures as for the DL in Rel-13

Proposal:
· For the DL and UL transmissions occurring on the same channel,  an eNB (UE) that initiates a DL transmission and occupies the channel based on a Cat 4 LBT with a given MCOT, can share its channel occupancy with its UEs (eNB) such that the total transmission duration by the eNB and UEs does not exceed the MCOT limit. 
· Any gap between two consecutive transmissions that is larger than 16 µs shall not be included in the total transmission duration.
· An LBT based on a 25 µs CCA can be performed for any of the new transmission within the MCOT limit except the initial DL transmission.

Proposal:
· There are no restrictions on the traffic sent on the UL when the UE gains access to the channel in the subframes scheduled by the eNB.

Proposal:
· Align the requirement on the energy detection threshold for PUSCH transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.
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