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1 Introduction
During eLAA WI phase, it has been discussed channel access procedure for UL single carrier transmission but it has not been discussed sufficiently channel access procedure for transmission(s) on multi-carrier. In this contribution, we address some issues on channel access procedure for UL multi-carrier transmission on eLAA.

2 Discussion on channel access procedure for transmission(s) on multi-carriers
UL LBT for Multi-carrier Transmission
According to current Rel-13 LAA specification supporting DL only, there are two types of multi-carrier access procedure for DL transmission [2]. The type A is that the eNB shall perform Cat-4 based LBT for each carrier of carriers on which the eNB intends to transmit. And the type B is to perform Cat-4 based LBT for only one carrier of carriers on which the eNB intends to transmit and eNB may transmit after sensing for at least the sensing interval Tmc (i.e.25us) on each carrier of the others carriers. However, UL transmission from UE is assumed to use scheduling-based access under eNB control and two types of UL LBT, i.e. 25us one shot LBT and Cat-4 LBT as UL LBT mechanism are allowed for UL transmission, differently with LAA DL with Cat-4 LBT only by the eNB.
Figure 1 shows a case that UE has received different LBT types of signaling on different carriers by the eNB. For this case, it should be discussed for the UE how to handle channel access procedure for transmission(s) on multi-carriers which is indicated by different types of signaling on different carriers.
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Figure 1. Different UL LBT type of signaling on different carriers 

If channel access procedure similar to Type A for DL transmission of Rel-13 LAA is applied for UL multi-carrier transmission, i.e., independent channel access as per each carrier, it should be allowed to transmit PUSCH transmission(s) on each carrier as indicated by eNB including Cat-2 LBT (e.g., 25us). Also, for the case of reusing Type B in Rel-13 LAA, when UL Cat-4 LBT on both carrier #1 and carrier #2 is failed by a UE as shown in Figure 2, UL transmission(s) on multi-carriers performing 25us LBT should be also supported.
· Proposal 1: For UL multi-carrier transmission, it should be allowed to transmit PUSCH transmission(s) on carriers with 25us LBT on UL multiple carriers.
[image: ]
Figure 2. UL transmission(s) on multiple carriers performing 25us LBT
Especially for the case of reusing Type B in Rel-13 DL LAA for UL multi-carrier transmission, one of carriers with being signaled as UL Cat-4 LBT should be selected among multiple carriers signaled to use UL Cat-4 LBT. For selecting a primary carrier for Cat-4 LBT, it is necessary to set a pre-defined rule between UE and eNB. As one of options, the carrier with lowest LAA SCell index can be simply considered as one carrier to perform UL Cat-4 LBT like as a primary carrier of Wi-Fi. In another option, the carrier can be selected before each UL burst transmission by depending on random back-off counter or contention window size for each carrier which is managed by the eNB and/or the UE. On the other hand, eNB can give a L1 control signaling to the UE to indicate explicitly the carrier performing actual UL Cat-4 LBT but this might be problematic if UE misses the L1 control signaling from the eNB. In order to avoid this problem, the eNB can give an explicit priority of UL grant indicating UL Cat-4 LBT and then UL Cat-4 LBT can be performed by the UE on one of carriers based on the received priority of UL grants even though the UE have received a part of UL grants transmitted by eNB. 
Similarly to carrier selection of DL Type B multi-carrier access, UE, instead of the eNB, might select one carrier randomly among carriers signaled to use UL Cat-4 LBT, and then UE can perform Cat-4 LBT on the selected carrier for at least 1 second. However, the carrier selection by the UE seems not beneficial because eNB does not have any information on UE’s carrier selection. Further, it seems not reasonable for the UE to stick to one carrier at least during 1 second since carriers with being signaled as UL Cat-4 LBT by the eNB can be dynamically changed.
· Proposal 2: For the case of reusing Type B in Rel-13 DL LAA for UL multi-carrier transmission, a pre-defined rule between UE and eNB should be defined for one carrier selection to perform UL Cat-4 LBT for UL multi-carrier transmission.

CW adjustment for UL Multi-carrier Transmission
According to Type A multi-carrier access procedures in Rel-13 DL LAA [2], the eNB maintains the contention window (CW) size independently as per each carrier and two types of random back-off (BO) counter such as independent random BO counter for each carrier (i.e. Type A1) and common random BO counter (i.e. Type A2) from one carrier with the largest CWS are considered. In Type B multi-carrier access procedure in Rel-13, the eNB can use one of Type B1/Type B2 depending on whether a single CW size is updated based on HARQ feedback(s) for the set of carriers C (i.e. Type B1) or a CW is maintained independently per carrier (i.e. Type B2)
Differently with assuming only Cat-4 LBT on DL by the eNB, UL LBT for UL transmission uses one of two types of UL LBT such as 25us one shot LBT and Cat-4 LBT by eNB signaling. As shown in Figure 1, when the UE has been scheduled PUSCH transmission(s) on multiple carriers and the UE has received UL grant(s) with 25us LBT signaling for one or more of the multiple carriers, it should be discussed how to adjust CWS for UL multi-carrier transmission. 
In particular, in case of applying Type A2/Type B2 to UL multi-carrier transmission, there is an ambiguity whether or not CWS on some carriers to be signaled to 25us LBT is considered for selecting the largest CWS because CWS independently is maintained for each carrier. There are two alternatives for this as follows:
· Alt 1: Include all scheduled carriers regardless of being signaled as UL Cat-4 LBT or 25us LBT in order to select the largest CWS
· Alt 2: Include carrier(s) to be signaled as UL Cat-4 LBT only in order to select the largest CWS
Since the CWS would not be updated for a transmission to perform UL Cat-2 LBT under UL channel access procedure of signal carrier transmission, the Alt 2 seems beneficial to maintain the consistency of both single carrier and multi-carrier access procedures.
On the other hand, in case of using Type B to UL multi-carrier transmission, one of carriers with scheduled PUSCH transmission(s) is considered to perform by Cat-4 LBT and then UE may be allowed to transmit after sensing the idle during at least the sensing interval Tmc (i.e.25us) on each other carrier regardless of signaled LBT type by eNB. If the type B1 in DL LAA is employed for channel access of UL multi-carrier transmission, it is necessary to define which carriers are considered for CWS adjustment on UL multi-carrier transmission: 
· Option 1: All carriers with scheduled PUSCH transmission(s) regardless of 25us LBT and UL Cat-4 LBT is considered.
· Option 2: Only UL Cat-4 LBT signaled carriers is considered for CWS adjustment
· Option 3: Only carrier performing Cat-4 LBT is considered
As one CW size in DL Type B1 is updated based on HARQ feedback for all carriers even though some of carrier(s) are performed sensing idle during at least the sensing interval Tmc (i.e.25us), the Option 1 seems reasonable for a consistency of both DL and UL channel access mechanisms.
· Proposal 3: It should be discussed how to adjust CWS for UL multi-carrier transmission in case existing one or more carriers to be signaled to 25us LBT by the eNB.

3 Conclusion
In this contribution, we discussed channel access procedure for UL multi-carrier transmission on eLAA. Our views are summarized as following.
· Proposal 1: For UL multi-carrier transmission, it should be allowed to transmit PUSCH transmission(s) on carriers with 25us LBT on UL multiple carriers.
· Proposal 2: For the case of reusing Type B in Rel-13 DL LAA for UL multi-carrier transmission, a pre-defined rule between UE and eNB should be defined for one carrier selection to perform UL Cat-4 LBT for UL multi-carrier transmission.
· Proposal 3: It should be discussed how to adjust CWS for UL multi-carrier transmission in case existing one or more carriers to be signaled to 25us LBT by the eNB.
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