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1. Introduction

At the RAN1 #84 meeting, the appropriate CCA procedures for eLAA were discussed considering the UL eLAA performance and fairness between WiFi and eLAA system under the assumption of different scheduling methods. Following agreements were achieved on the supported LBT schemes:
Agreement:
· 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
At the RAN1 #84bis meeting, following agreements were achieved on shared MCOT.
Agreement:
· If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission
· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
· FFS the […] part
Some details were further discussed in the email reflector [1]. Based on the email discussion, we show our views on the channel access framework for eLAA UL in this contribution.
2. UL channel access mechanism
According to the agreements at the last RAN1 meeting, there are still three possible channel access options for eLAA:

· LBT without random back-off (Cat. 2 LBT with CCA duration of at least 25 us)

· LBT with random back-off (Cat. 4 LBT with a defer period of 25 us and a certain contention window size)

· No LBT at UE

Each of them has their own advantages and disadvantages in terms of channel access opportunity, fairness, and multi-user multiplexing. For example, no-LBT and Cat. 2 LBT may provide higher channel access opportunity than Cat. 4 LBT. In addition, it would be easier for no-LBT and Cat. 2 LBT to achieve multi-user multiplexing. On the other hand, Cat. 4 LBT ensures the best fairness for coexistence with other system.
2.1. UL LBT within DL MCOT
The shared MCOT concept was raised and discussed at the last meeting. For the DL and UL transmissions occurring on the same channel, an eNB starting the DL transmission based on a Cat. 4 LBT with a given MCOT, can share its channel occupancy with its UEs as long as the total transmission duration of the eNB and UEs does not exceed the MCOT.  Within this MCOT limit, UEs can just perform a single 25 µs LBT to access the channel for UL transmission. In this method, the eNB shall ensure that the total duration of the transmissions that occur between the start times of transmissions following two successive Cat. 4 LBT procedures, is less than or equal to the MCOT. The total duration includes the transmissions from an eNB and all the UEs served by it.
As for the content of UL transmission at UE, any restriction is unnecessary for UL transmission based on 25 µs LBT within MCOT limit considering the UL transmission limitation due to UL grant and UL LBT. Any gap between two consecutive transmissions that is larger than 25 µs shall not be included in the total transmission duration.

2.1.1. Non-LBT within DL MCOT
As proposed in [2], UL channel access without LBT at UE was discussed during Rel-13 LAA. Assuming that this UL transmission is controlled by eNB which has the channel access rights based on Cat.4 LBT and the UL transmission falls within the DL MCOT, it can basically meet a fair coexistence with other RAT. Actually, some Wi-Fi transmissions, e.g., ACK and PCF operation, apply this type of mechanism as well. Thus, it is reasonable to support UL transmission without LBT at UE when UL transmission burst follows DL transmission burst with a gap of 16 µs at most and UL transmission falls within the MCOT of eNB based on DL LBT. When the content of UL transmission is considered, no-LBT option should be supported at least for UCI or SRS only transmission within DL MCOT. The duration of no-LBT transmission should be also restricted as an exchange for the fast channel access, e.g., within 1ms. Anyway, this method is beneficial because it can ensure the UCI or SRS on LAA SCell to be transmitted at the intended timing so that spectral efficiency can be improved with simpler eNB/UE operation.
Proposal 1: eNB can share its channel occupancy with its UEs such that the total transmission duration by the eNB and UEs does not exceed the MCOT limit

· For UL transmission based on 25 µs CCA within MCOT limit, any restriction on UL traffic type is unnecessary

· No-LBT option for the case of gap shorter than 16 us should be supported with restriction on corresponding UL transmission duration (1ms) and contents (at least containing UCI or SRS)
2.2. UL LBT outside DL MCOT
In Section 2.1, we discussed the cases when UL transmission is within DL MCOT. However, it will be quite different for UL transmission outside DL MCOT. Since the design target is to achieve both reasonably fair channel access with Wi-Fi/LAA DL and faster UL channel access for better performance and it is highly related to the content in the UL transmission as well as the scheduling method and LBT scheme used in the DL for UL grant, we would like to construct the total channel access framework in case-by-case manner.

2.2.1. UL LBT for UL data transmission

Cross-carrier scheduling from licensed cell.

In this case, if Cat.2 LBT is adopted, since there is no limitation on UL scheduling from a serving cell in licensed spectrum, it will be problematic when a single UE having very large UL traffic may keep the channel and may continuously block other systems/nodes until transmission ends if there is no other traffic in the serving cell. Therefore, it is preferred that only Cat.4 LBT is allowed for a cross-carrier scheduled UL data transmission on LAA SCell. The set of parameters should be selected by eNB and signaled to UE based on the BSR obtained from UE side. For example, eNB will select the set of parameters corresponding to the logical channel with lowest priority whose buffer status is not empty. Alternatively, we could leave the priority classes to be handled at the UE side. UE shall use the indicated/selected parameters to gain channel access. Similar rule of handling multiple traffic types could be adopted at the UE side, i.e. the UE shall not transmit the UL data corresponding to LBT priority class higher than the selected value until the traffic corresponding to LBT priority class equal to lower than the selected value is exhausted within the MCOT.
Self-carrier scheduling.

Since the UL grant is transmitted only when DL LBT is succeeded, one UL transmission with self-carrier scheduling may have much less channel access possibility than UL transmission with cross-carrier scheduling if the same UL LBT in case of cross-carrier scheduling is also applied to the case of self-carrier scheduling. This will leads to the deterioration of UL LAA performance [3]. In order to control the channel access possibility for UL transmission in a satisfying level, a suitable pattern or combination of LBT schemes of UL grant transmission and corresponding UL transmission should be designed to match different usage cases.
The principle of designing the pattern/combination is that there should be no restriction on DL LBT schemes used for UL grant to schedule data transmission while appropriate UL LBT scheme should be selected to “react” the already determined DL LBT scheme. Then, the possible patterns could be figured out as follows and summarized in Table 1:
1. Cat. 4 LBT (UL grant) + Cat. 4 LBT (UL data)
According to current agreement on UL LAA, it is natural to support this combination. The problem of direct usage of it without any special handling is the possible UL LAA performance loss since the general channel access is too difficult in certain extreme case, e.g. both the UL grant and UL data are using priority class 4 of Cat. 4 LBT in competing channels. Therefore, we propose that the priority class used of the DL transmission containing at least UL grant only should be with lower values, e.g. 1 or 2. As described in cross-carrier scheduling, when Cat. 4 LBT is adopted in UL, similar mechanism of LBT priority classes handling as DL could be used for the transmission of UL data with different traffic types.
2. Cat. 4 LBT (UL grant) + Cat. 2 LBT (UL data)
In the concept of shared MCOT, it has been agreed that UL transmission from UEs following a DL transmission burst within a MCOT could be conducted with just performing a single 25us LBT. However, we think the usage of Cat. 2 LBT for UL LAA does not have to be limited only in this case. When the UL grant is obtained after a DL LBT procedure with much effort, i.e. with higher value of priority class of Cat. 4 LBT, the corresponding UL data should be transmitted with easier channel access, no matter whether the UL transmission is within the DL MCOT or not. In order to control the channel occupancy of different UL traffic type when Cat. 2 LBT is used for UL LAA, suitable length of MCOT could be selected and indicated by eNB. The UE shall not transmit the UL data corresponding to LBT priority class higher than the selected value until the traffic corresponding to LBT priority class equal to lower than the selected value is exhausted within the MCOT.
3. Cat. 2 LBT (UL grant) + Cat. 4 LBT (UL data)
Similar to pattern 1, at least for the UL grant only transmission, we would like to support the fast channel access by using Cat. 2 DL LBT.  Accordingly, the Cat.4 LBT and appropriate set of parameters should be selected for UL data transmission. The details for UL grant only transmission are discussed in following Section 3.
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Proposal 2: The LBT scheme used for UL transmission should be indicated by eNB in UL grant.
· For UL LBT outside DL MCOT, eNB selection of UL LBT scheme should be based on selected DL LBT scheme and priority class for UL grant transmission.
2.2.2. UL LBT for UCI transmission

Basically, higher channel access probability for UCI transmission than UL data transmission should be supported as long as fairness of co-existence with other system could be maintained. According to the agreement at the last meeting, PUCCH on LAA SCell is not introduced in eLAA within the current scope of the work item. Therefore, we mainly discuss the UL LBT for UCI transmission on PUSCH.
When UCI is transmitted on PUSCH, the mechanism described in Section 2.2.1 could be largely used. On top of that, faster channel access mechanism is better to be supported at least for UCI only transmission considering that UCI should be more robust than data transmission. No-LBT, 25µs CCA or high priority class of Cat.4 LBT can be applied as fast channel access. In addition, as a compromise of faster channel access, some of the parameters could be altered to limit the UCI transmission considering its characteristics. For example, when Cat.2 LBT is used for UCI only transmission on PUSCH, the UL MCOT may be restricted e.g., to be less than 1ms. When Cat.4 LBT is used for the UCI transmissions on PUSCH, shorter defer period, smaller CWS and shorter UL MCOT could be defined.

Proposal 3: Fast channel access mechanism is preferred at least for UCI only transmission.
2.3. Discussion on Cat. 4 UL LBT
Although Cat. 4 LBT is supported for both DL and UL transmissions according to current agreements, the related parameter sets can be different due to their unique channel access characteristics. Considering the restricted opportunity for UL transmission based on scheduling, we prefer to define smaller CWS for UL Cat. 4 LBT. The sets of parameters of Cat. 4 UL LBT in cross-carrier scheduling and self-scheduling may be also separately defined.
Besides, methods for CWS adaptation and UL multi-user multiplexing should be discussed further. CWS adjustment at eNB based on ACK/NACK and signaling of common random back-off counter value to UEs would be promising mechanisms in terms of simplicity and commonality with DL channel access. With this method, multi-user multiplexing can easily be achieved with Cat.4 UL LBT.
Proposal 4: Define smaller CWS for UL Cat. 4 LBT.

Proposal 5: CWS adjustment and back-off counter generation for UL LBT Cat.4 are controlled by eNB.
3. LBT for UL grant only transmission
For UL grant only transmission, Cat. 4 LBT can be used by eNB and Rel-13 Cat. 4 LBT priority class can be supported. When the highest priority class is allowed, the choice of any LBT priority class is up to eNB decision. However, we also think that a 25µs CCA for UL grant only transmission should be supported. And the MCOT based on the Cat.2 DL LBT should be restricted to be less than 1ms. In this case, Cat. 4 UL LBT should be performed for corresponding UL transmission. Anyway, we prefer to have flexibility on the LBT mechanism for UL grant only transmission and allow eNB to choose between Cat. 4 and 25 µs LBT. 
Proposal 6: UL grant only transmission by eNB based on Rel-13 Cat. 4 LBT priority class is supported. UL grant only transmission by eNB based on 25 µs CCA is supported.

· eNB can choose between Cat. 4 or 25 µs CCA LBT for UL grant only transmission.
4. Conclusion 

In this contribution, we discussed channel access framework for eLAA UL and made the following proposals. 

Proposal 1: eNB can share its channel occupancy with its UEs such that the total transmission duration by the eNB and UEs does not exceed the MCOT limit

· For UL transmission based on 25 µs CCA within MCOT limit, any restriction on UL traffic type is unnecessary

· No-LBT option for the case of gap shorter than 16 us should be supported with restriction on corresponding UL transmission duration (1ms) and contents (at least containing UCI or SRS)

Proposal 2: The LBT scheme used for UL transmission should be indicated by eNB in UL grant.
· For UL LBT outside DL MCOT, eNB selection of UL LBT scheme should be based on selected DL LBT scheme and priority class for UL grant transmission.

Proposal 3: Fast channel access mechanism is preferred at least for UCI only transmission.

Proposal 4: Define smaller CWS for UL Cat. 4 LBT.

Proposal 5: CWS adjustment and back-off counter generation for UL LBT Cat.4 are controlled by eNB.

Proposal 6: UL grant only transmission by eNB based on Rel-13 Cat. 4 LBT priority class is supported. UL grant only transmission by eNB based on 25 µs CCA is supported.

· eNB can choose between Cat. 4 or 25 µs CCA LBT for UL grant only transmission.
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Table 1 Patterns of LBT schemes
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