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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. UL channel access procedure is one of the most important issues to be studied for eLAA. In RAN1 84, it has been agreed to support two types of UL LBT, i.e. Cat-4 LBT and single 25us LBT. Then, in RAN1 84b meeting, there is some progress on the condition of LBT type. Single 25us LBT can be performed within the MCOT acquired by eNB while Cat-4 LBT is used outside of MCOT. There’re still many FFS points to be solved which is discussed in our companion contribution [2]. In this contribution, we discuss how to align the LBT between UEs as well as multiple UL CCs to support multi-user multiplexing and multi-carrier LBT. 
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:
· 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
2 Discussion 
Inter-UE blocking among UEs may be incurred if one UE completes its CCA earlier and starts transmission before another UE still performing the energy detection on the same LAA Scell. To achieve UL multiplexing of multiple UEs in one subframe by FDMA and MU-MIMO within the same cell, the inter-UE blocking should be avoided by aligning the UL transmission starting point.    

Inter-CC blocking within one UE may happen if UE tries to receive signals on some CCs while it transmits UL signals on other CCs with single RF. For example, UE can’t perform channel sensing on some CCs while it transmits UL signals on other CCs. Similarly, UE can’t receive DL burst on one CC while it begins UL burst on another CC. To avoid inter-CC blocking, DL/UL subframe configuration between these CCs should be well designed, and the UL LBT on these CCs should be synchronized. Mechanisms to align DL multi-carrier LBT specified in Rel-13 LAA could be reused for UL multi-carrier LBT with some modification. 

2.1 Aligned LBT between UEs

The LBT type depends on the boundary of MCOT as well as UL physical channel type. If the shared MCOT is acquired by eNB, same LBT type is applicable to all UEs with the same UL channel in one UL subframe. That is, single 25us LBT within the MCOT and Cat-4 LBT outside of MCOT.  Single 25us LBT within the eNB shared MCOT ensures the aligned LBT and UL transmission starting point, while Cat-4 LBT outside of MCOT needs enhancement to align the LBT. When the UL channel type is different, UEs may perform different LBT. For example, considering the importance of UCI-only PUSCH/PRACH and the short duration of /SRS without PUSCH, these UL channels may perform faster LBT (e.g., Cat-4 LBT with smaller CW or 25us LBT) compared with normal PUSCH.  How to align the LBT between UEs for all these potential scenarios is discussed below. 
2.1.1 25us LBT alignment
For single 25us LBT, LAA UEs sense the channel on the pre-defined CCA resources, which is located immediately before the UL subframe boundary. LAA UEs served by the same cell can start transmission at the same time after the completion of CCA without any reservation signal.  Hence, there is no inter-UE blocking issue. 
2.1.2 Cat-4 LBT alignment
If UEs generate the random backoff counter independently, the completion time of backoff procedure could be different among UEs. Then, the reservation signal transmitted by one UE may block the on-going CCA by another UE. To alleviate the inter-UE blocking issue, it was discussed that the random backoff counter is selected by eNB and signalled to the scheduled UEs to align LBT completion time among scheduled UEs. LAA UEs interfered by the same Wi-Fi node could finish LBT at the same time with the same backoff counter. But for LAA UEs at different locations, there may be different interferer around. Consequently, these LAA UEs could not complete LBT at the same time. Although the LBT completion time is difficult to aligned, the method to align the transmission time is much easier. One possible way is to introduce the self-defer to align the transmission time [3]. That is, the UL transmission time is fixed to the UL subframe boundary, and UE need to do self-defer and perform a final sensing right before the UL subframe boundary if UE finishes LBT earlier.
Proposal 1: For the case of Cat-4 LBT, self-defer until the UL subframe boundary could be applied to alleviate the inter-UE blocking. 
2.1.3 Different LBT type alignment 

The inter-UE blocking may happen if UEs in the same subframe are performing different type of LBT. For instance, UEs to transmit different UL channels in the same subframe may perform different types of LBT, or UEs to transmit the same UL channels but have separate UL MCOT may perform different type of LBT.
For eNB shared MCOT, the LBT type among UEs is the same. However, for the case of MCOT initiated by UE and each UE may have a separate MCOT, the LBT type among UEs could be different. For each UE, Cat-4 LBT could be applied before starting the UL burst (UL MCOT) and 25us one-shot LBT could be applied within this UL MCOT [2]. As is shown in Figure 1, UE1 is scheduled with 4 consecutive UL subframes, and a CCA gap is in UL subframe 7 to enable LBT for UE2 which starts its UL burst in #7 UL subframe. For both UEs, the UL transmission is outside of eNB shared MCOT. Thus, both UEs shall perform Cat-4 LBT before its MCOT, that is Cat-4 LBT in subframe 5 and subframe 7 for UE1 and UE2 respectively. In addition, UE1 could perform 25us one-shot LBT in subframe 7 as it is within its UL MCOT. Consequently, if UE2 finishes LBT procedure before the symbol boundary and transmits the reservation signal, UE1 may fail the LBT due to the reservation signal from UE2. Still, one possible way is to introduce the self-defer to align the transmission time. Because the duration of single CCA check of enhanced Cat-2 LBT is the same as the duration of final CCA check after self-defer by Cat-4 LBT, the CCA slot of Cat-2 LBT could be a subset of Cat-4 LBT. Thus, the transmission time is aligned.
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Figure 1 Inter-UE blocking when UE has separate UL MCOT
For the case of multiplexing different UL channels in one subframe, it can be further divided into three cases, 
- A-SRS only UEs with other UEs
It is impossible to multiplex A-SRS only UEs and UEs transmitting other UL channels in the same UL subframe. Because A-SRS is located in #14 SC-FDMA symbol, but other UL channels occupy up to the end of #13 or #14 SC-FDMA symbol which leaves no room for LBT before A-SRS.   
- UCI-only PUSCH UE with normal PUSCH UE
For the case of multiplexing UCI-only PUSCH UEs and normal PUSCH UEs in the same UL subframe, the backoff counter for these two UL channel type would be different due to different maximum CW size. The maximum CW size of UCI-only PUSCH can be smaller considering its importance. The self-defer mechanism discussed in section 2.1.2 still works efficiently to align the transmission time. 
- PRACH UE with PUSCH UE
For the case of multiplexing PRACH UE and PUSCH UE in the same UL subframe, the self-defer to the UL subframe boundary fails to align the transmission time. The reason is the UL subframe boundary of PUSCH is determined by UL timing, while the UL subframe boundary of PRACH is determined by the DL timing. Then, the PUSCH is always transmitted earlier than PRACH thus blocks the CCA before PRACH if PUSCH and PRACH start from the same SC-FDMA symbol. On the other hand, PUSCH could be shortened, e.g., #0 SC-FDMA is reserved as CCA gap, while PRACH still starts from #0 SC-FDMA symbol. Then, PRACH is always transmitted earlier than PUSCH thus blocks CCA before PUSCH. Some companies proposed to configure the TA for PRACH transmission. However, one of the most important functions of PRACH is to obtain the TA. Thus, a proper TA could not be configured for PRACH before its transmission. One possible solution is to configure the starting point of PUSCH rather than PRACH.  If both PRACH and PUSCH follow its DL timing respectively, there is no blocking. To ensure the PUSCH from different UEs arriving at eNB at the same time, PUSCH should still follow its UL timing. But the reservation signal before the PUSCH could start according to the DL timing.  As one example in Figure 2, there’re two UEs to be scheduled in one UL subframe, wherein UE1 with PRACH and UE2 with PUSCH transmission. By transmitting reservation signal from the DL timing in #0 SC-FDMA symbol and PUSCH from #1 SC-FDMA symbol according to UL timing, the UL signal from UE2 does not fall into the CCA slots of UE1. On the other hand, if these two UEs are both scheduled with PUSCH, starting PUSCH from #SC-FDMA symbol according to UL timing is sufficient. eNB can indicate the proper transmission behaviour to UE in UL grant.    
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  Figure 2 Methods to avoid PRACH and PUSCH blocking 

Proposal 2: For the case of different LBT type, 
· Self-defer until the UL subframe boundary could be used to alleviate the inter-UE blocking between PUSCH UEs . 

· Starting reservation signal transmission according to the DL timing before PUSCH could be used to alleviate the inter-UE blocking between PRACH and PUSCH UE. 

2.2 Aligned multi-carrier LBT 

Similar to DL multi-carrier LBT, UE can’t sense the channel or receive the DL signals on some carriers while it transmits UL signals on another carrier if frequency separation between these carriers is not large enough, e.g., inter-band LAA Scells . 

Both 25us one-shot LBT and Cat-4 LBT is supported for UL LAA. When all scheduled carriers within the carrier group perform 25us one-shot LBT, the multi-channel LBT is naturally aligned. When all scheduled carriers within the carrier group perform Cat-4 LBT or some carriers perform 25us LBT while other carriers perform Cat-4 LBT, the mechanism to align the multi-channel LBT should be introduced.

For DL multi-carrier LBT, eNB knows which carriers would have impact to each other. But for UL multi-carrier LBT, eNB may not have such information because the carrier restriction at UE side could be much stringent than eNB.  To support efficient UL scheduling by eNB, it is desirable that UE reports its capability of simultaneous reception and transmission on which carriers. 

Based on the carrier information, eNB could configure a carrier group in which UL multi-carrier LBT should be performed according to certain LBT procedure, e.g., similar type A or type B DL multi-carrier LBT can be considered for UL LBT. It is denoted as multi-carrier LBT group for description below. 

· Type A: UE performs Cat- 4 LBT on each channel of multi-carrier LBT group, on which the UE is scheduled to transmit.

eNB could indicate individual backoff counter for each scheduled carrier within one multi-carrier LBT group. The self-deferral is performed to align the transmission over multiple carriers.  
· Type B: UE performs Cat- 4 LBT on only one LAA Scell of the multi-carrier LBT group.

            eNB can semi-statically configure one carrier as reference carrier on which Cat-4 LBT is performed by UE. CW size could be adjusted according to channel conditions on this carrier or could be set as the largest CW size among all UL carries within the carrier group. UE may assume 25us LBT can performed on other carriers within the same carrier group. eNB could always schedule UL transmission on the reference carrier. Alternatively, UE should always perform Cat-4 LBT on the reference carrier no matter any UL transmission is scheduled or not on this carrier if UL transmission is scheduled on any other carries in the multi-carrier LBT group. 

The other way is that eNB randomly select one of carrier indicated to perform Cat-4 LBT, or select one of the carrier which has the largest BO counter, while indicate 25us LBT to other carriers in the multi-carrier LBT group. It is eNB’s responsibility to indicate proper LBT type on each carrier to avoid multi-carrier blocking. 
 
If all the scheduled UL transmissions in a subframe are within MCOT, it is also possible for UE to perform 25us LBT on all scheduled carriers. 
Proposal 3: For UL multi-carrier LBT, DL multi-carrier LBT procedure could be reused with minor modification,
· UE reports which carriers have impact to each other when mutli-carrier LBT is performed. 
· eNB could configure multi-carrier LBT group and indicate the multi-carrier LBT type (type A or type B). . 

3 Conclusions
In this contribution, we analyzed scenarios in which inter-UE blocking may exist, and provide solutions to alleviate the blocking. We also discussed UL multi-carrier LBT procedure to avoid inter-CC blocking.  We have the following proposals:

Proposal 1: For the case of Cat-4 LBT, self-defer until the UL subframe boundary could be applied to alleviate the inter-UE blocking. 
Proposal 2: For the case of different LBT type, 

· Self-defer until the UL subframe boundary could be used to alleviate the inter-UE blocking between PUSCH UEs . 

· Starting reservation signal transmission according to the DL timing before PUSCH could be used to alleviate the inter-UE blocking between PRACH and PUSCH UE. 

Proposal 3: For UL multi-carrier LBT, DL multi-carrier LBT procedure could be reused with minor modification,

· UE reports which carriers have impact to each other when mutli-carrier LBT is performed. 
· eNB could configure multi-carrier LBT group and indicate the multi-carrier LBT type (type A or type B).  
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