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1 Introduction
In RAN1 84bis meeting, it is achieved agreements on UL LBT mechanisms [1]:

· 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
In the following email discussion, the focuses are on the following possible agreements:

· Possible agreement1:
· 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 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 25 µs shall not be included in the total transmission duration.

· [Agreement: An LBT based on a 25 µs CCA can be performed for any of the new UL transmission within the MCOT limit.] and shall take place immediately prior to the UL transmission.
· The eNB shall ensure that the total duration of the transmissions that occur between the start times of transmissions following two successive Category 4 LBT procedures, is less than or equal to the MCOT

· The transmissions are from an eNB and all the UEs served by it

· The successive Category 4 LBT procedures may not be from the same node
· Within an MCOT limit, the eNB shall ensure that there is no more than one gap that is 4ms or greater due to grant to transmission delay.
· Note:There can be gaps due to LBT failures at the UE between the UL subframes in which transmission occur.
· Note: There can be gaps for 1 or 2 symbols between the scheduled UL subframes within an MCOT.
· The eNB should schedule such that the MCOT limits are met assuming that there is a UL transmission in every scheduled UL subframe.
· FFS multiple transitions between DL and UL, and the associated detailed behavior(e.g., allowed gaps and how gaps are counted towards MCOT)
· Possible agreement2:
· There is no restriction at the UE on the content of PUSCH within a UL transmission based on the LBT parameters used by the eNB for channel access for that transmission.
· Possible agreement 3:
· No LBT is required for any UL transmission that begins no later than 16 µs after the end of a DL transmission.

· The eNB  should ensure that the UL transmission is within the MCOT limit.

· The duration of the UL transmission should include at least UCI or SRS and its duration shall not exceed 1ms.
· Possible agreement 4:

· UL grant only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.   

· FFS: UL grant only transmission by eNB based on a 25 µs CCA is supported. 

· eNB can choose between Cat-4 or 25  µs  CCA LBT.
· Possible agreement 5 :

· The eNB can dynamically signal the following the UE. 

· Per grant message: 

· LBT type: Cat. 4 vs. 25 us CCA for the first granted subframe

· If Cat. 4, contention window size to be used by the UE for scheduled subframes
· FFS if it is signaled implicitly or explicitly

· Start symbol of PUSCH 
· FFS per subframe or per grant message 
· End symbol of PUSCH
· FFS per subframe or per grant message
According to the above possible agreements, we analyze and discuss the conditions and restrictions for cases where UL LBT based on a Cat-4, a single 25us LBT or no LBT within 16us before the UL transmission burst can be applied. Other issues related to LBT are discussed in our companion contribution [2].
2 DL transmission sharing to UL transmission within eNB MCOT
It is agreed that within eNB MCOT the eNB can share its channel occupancy to its UE and a single 25us LBT is performed to access the uplink channel within eNB MCOT, and the detailed restrictions for sharing channel occupancy are shown in possible agreement 1. So far, there is a FFS about multiple transitions between DL and UL. The discussion focuses on whether or not the multiple transition points from DL to UL and from UL to DL are allowed in one MCOT from the initiating device (eNB) and how to count the gaps in this case. Firstly, we proposed it could be aligned with ETSI BRAN discussion. The rules of ETSI BRAN define the eNB can have multiple transmissions for itself and its scheduled UE after getting an authorization from the eNB. After transmission of authorized UE is finished, the eNB will regain control over the operating channel. So, we would prefer to allow multiple transmissions between DL and UL. While, the detailed gap between UL and DL needs FFS.
Proposal 1: eNB can share its channel occupancy to its UE within an eNB MCOT. Meanwhile, multiple transmissions between DL and UL could be allowed.
3 LBT for multiple UL traffic classes
In possible agreeement2, it discussed about the UL multiple traffic classes.  We prefer there is no restriction at the UE on the content of PUSCH within a UL transmission based on the LBT parameters used by the eNB for channel access for that transmission. There are at least two following reasons:
· In RAN2#93bis meeting, “RAN2 agreed that we defined LCP for multiplexing of UL data and we want to use this unchanged for UL LAA”. If it restricts the UL traffic type, the eNB should catch the UL traffic type immediately so as to configure UL LBT parameters and perform UL LBT procedure.  While the current LTE mechanisms do not inform the UE traffic type to the eNB in a dynamic manner, any enhancement to enable the information needs good reason to justify the extra specification and implementation efforts.
· In term of the scheduling flexibility of eNB:  eNB may schedule different traffic priority of UL burst from DL burst (or UL grant) based on different eNB scheduling algorithm and implementation. Furthermore, eNB can schedule a UE in multiple UL subfrmaes, which did not guarantee that the UL subframes and the UL grant subframe locate within the same MCOT. So it is natural to decouple the UL traffic class to DL traffic class and eNB MCOT. It should allow that without any restriction of UL traffic class can be scheduled within eNB MCOT or outside eNB MCOT.

According to the above analysis, we support the possible agreement2:
Proposal 2: There should be no restriction at the UE on the content of PUSCH within a UL transmission based on the LBT parameters used by the eNB for channel access for that transmission.
4 Application of no LBT within 16us 

No LBT within 16us is adopted in ETSI BRAN after intense discussions of fairness among different systems. And the 3GPP should be in line with BRAN discussion. Furthermore, in ETSI BRAN there is no restriction on the traffic type and transmission duration within 16us after the end of the DL transmissions. It only requires the total channel occupancy duration should be limited within an initiating device MCOT. Considering the feature of eLAA, there are many channel types for eLAA UL transmission. As tradeoff to better friendly coexistence with Wi-Fi system, we can use no LBT within 16us to channels which are characteristic with importance and shorter transmission duration, e.g., transmission duration within 1ms. The channels are included in UCI transmission only, SRS transmission without PUSCH, and PRACH transmission without PUSCH. 
Proposal 3: No LBT can be used for any UL transmission that begins no later than 16 µs after the end of a DL transmission. And it should be used at least to UCI only, PRACH transmission without PUSCH, and SRS transmission without PUSCH. 
5 The LBT for UL grant only transmission
During the Rel-13 LAA discussion, we allow the UE to detect common DCI in DRS only partial subframes. Similar to DRS, the UE is able to decode UL grant only in a partial subframe. But the UL grant only transmission may not be a frequent case. The alternative way is that the UL grant is carried in licensed spectrum and the eNB scheduled UL UEs in unlicensed carrier by means of cross-carrier scheduling. Thus it is no need to define two LBT scheme for UL grant with PDSCH and UL grant only. We proposed that the UL grant only could apply cat.4 LBT while the LBT parameter and the corresponding MCOT is up to eNB scheduling decision. 

Proposal 4: UL grant only transmission by eNB based on Cat.4 LBT. eNB decides the LBT parameter and the corresponding MCOT duration.
6 The LBT parameters indication from eNB
About the LBT parameters, they need to signal from eNB to UE dynamically. The related LBT parameters are included in LBT type, start symbol of PUSCH, end symbol of PUSCH, and CWS if cat.4 is used. To reduce the signaling overhead and avoid confused understanding of UEs, joint coding of LBT type with CWS value and/or CCA gap was proposed in our companion contribution [3]. In the email discussion, the focus is that the dynamic signal of LBT parameters is based on a grant message or on a subframe. We analyze the issue from the number of scheduling subframe, e.g., single subframe or multi-subframes respectively. 
· For a single subframe scheduling, it was agreed to indicate whether the start symbol and/or end symbol of the PUSCH is blanked or not, e.g., no blank/ blank first/blank last/blank both symbols. In addition, the LBT type and parameters should also be indicated by eNB signaling
· For a multi-subframes scheduling, it may not be necessary to indicate all the states in each subframe. For example, the end symbol of the PUSCH may only be blanked in the last UL subframe to leave a gap to perform CCA for the next MCOT transmission. . So, the indication for LBT parameters based on subframe or UL grant message is depended on the eNB scheduling, e.g., single subframe scheduling or multi-subframes scheduling, within eNB MCOT or outside eNB MCOT. The same cases existsg in LBT type, start symbol of PUSCH, and CWS. The detailed design can be found in a companion paper [4].
Proposal 5: The eNB should use dynamically signal to indicate LBT parameters and blank symbol position to its UE. The signal is not necessary per subframe especially for multi-subframe scheduling in eLAA.
7 Conclusion

In this contribution, we analyzed the conditions and restrictions for cases where UL LBT b where UL LBT based on a Cat-4, a single 25us LBT or no LBT within 16us before the UL transmission burst can be applied. Based on the analysis, we draw the following conclusions:
Proposal 1: eNB can share its channel occupancy to its UE within an eNB MCOT. Meanwhile, multiple transmissions between DL and UL could be allowed.
Proposal 2: There should be no restriction at the UE on the content of PUSCH within a UL transmission based on the LBT parameters used by the eNB for channel access for that transmission.
Proposal 3: No LBT can be used for any UL transmission that begins no later than 16 µs after the end of a DL transmission. And it should be used at least to UCI only, PRACH transmission without PUSCH, and SRS transmission without PUSCH. 
Proposal 4: UL grant only transmission by eNB based on Cat.4 LBT. eNB decides the LBT parameter and the corresponding MCOT duration.
Proposal 5: The eNB should use dynamically signal to indicate LBT parameters and blank symbol position to its UE. The signal is not necessary per subframe especially for multi-subframe scheduling in eLAA.
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