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[bookmark: Source]Introduction
[bookmark: _Ref410049002][bookmark: _Ref410045574]For the Rel-14 eLAA work item [1], it has been agreed that the UE can use either a 25us LBT or a Cat-4 LBT before UL transmission on a carrier. In this contribution, we will discuss multi-carrier channel access on UL.
Multi-Carrier Channel Access
For multi-carrier DL, type A and type B have been defined for channel access on a group of carriers.
· Type A: each carrier maintains contention window size (CWS) independently and performs a Cat-4 channel access procedure.
· Type A1: If the absence of any other technology sharing the carrier cannot be guaranteed on a long term basis (e.g. by level of regulation), after the eNB transmit on any carrier, the eNB can resume decrementing the counter either after waiting for 4 CCA slots or after reinitializing the counter.
· Type A2: The counter for each carrier is generated using the maximum CWS among all the carriers, and the counter is reinitialized after a transmission on any carrier.
· Type B: one carrier is selected randomly or semi-statically from the group of carriers to perform Cat-4 LBT before transmission, other carriers can start transmission simultaneously if it succeeds with a 25us LBT before the transmission.
· Type B1: a single CWS is maintained for the group of carriers, and the CWS adaptation is based on the HARQ-ACK feedback on all the carriers within the group.
· Type B2: CWS is maintained independently on each carrier based on the HARQ-ACK feedback on that carrier only. The random counter for the Cat-4 LBT on the selected carrier is chosen based on the maximum CWS among all the carriers.

Multi-carrier UL LBT is different from multi-carrier DL LBT, in the sense that (1) different UL carriers can have different LBT type, 25us LBT or Cat-4 LBT; (2) the set of carriers to perform LBT for UL transmission is dynamic depending on the scheduling information. Some modifications are necessary to adapt the DL multi-carrier channel access procedure to be used for UL.
In case of multiple UL carriers, for a UL carrier that is expected to use 25us LBT, the UE can simply do a 25us LBT on this carrier before the intended transmission time. This is not affected by the multi-carrier channel access procedure, and is true regardless of which multi-carrier access type is used.
Proposal 1: For an UL carrier where 25us LBT is to be applied, the UE performs 25us LBT before the transmission on this carrier independently of other scheduled UL eLAA carriers.

Now we focus on the carriers that are expected to use Cat-4 LBT. The same carrier grouping concept can be used for UL, meaning that the carriers that are expected to use Cat-4 LBT can be divided into groups, and each group of carriers would follow a particular multi-carrier access type.
[bookmark: _GoBack]For type A multi-carrier access on DL, there is a concern that independent LBT procedure on each carrier may result in different (adjacent) carriers accessing the channel one after another, which could prevent a Wi-Fi node from accessing multiple channels simultaneously given the channel bonding rule in Wi-Fi. This motivated the definition of type A1 and A2. However, the situation is different for UL.
· UL transmission is scheduled by the eNB, and has predefined starting transmission time for each scheduled subframe (subframe boundary possibly with some offset), unlike DL where the transmission could start at any time.
· There can be small LBT gap (25 us to one symbol) between subframes.
These differences make the counter re-initialization very undesirable, because it would greatly affect the eLAA performance.
Let us consider the first example as shown on the left in Figure 1. Here a UE is scheduled with multiple subframes (subframe n, n+1, and n+2) on two carriers using Cat-4 LBT at the beginning of the transmission. There are also LBT gaps at the beginning of the 2nd and the 3rd subframes, where the UE would perform a 25us LBT if the Cat-4 LBT had succeeded for transmission in the previous subframe. Assuming the Cat-4 LBT succeeds for the transmission in subframe n on carrier 1 but not on carrier 2 (meaning that the counter for carrier 2 has not reached zero), the UE starts transmission on carrier 1. If the UE follows Type A2 behavior, the counter on carrier 2 would be re-initialized after the UE “ceases transmission” on carrier 1. Because there is a gap after subframe n, it could be interpreted as “ceasing transmission” after the end of subframe n. 
· If the counter is reinitialized after the UE completes transmission in subframe n, it means that the UE would only have the small gap at the beginning of subframe n+1 to complete its full Cat-4 LBT for subframe n+1 on carrier 2 in order to transmit in subframe n+1, which is either unlikely or impossible depending on the value of the counter and the duration of the gap. On the other hand, allowing the counter to continue countdown on carrier 2 would allow a better chance for the UE to transmit on carrier 2 in subsequent subframes. Note that if LBT does not succeed on carrier 2, the allocated resources would be wasted in eLAA.
· In terms of the impact to Wi-Fi, in this case, the eNB is expected to align the DL and UL subframes on multiple carriers (at least from eNB point of view) if it intends to allow multi-carrier transmissions on DL and UL. UL is scheduled by the eNB, so the number of scheduled subframes on carrier 1 and 2 (even if the UE is not able to transmit in some or all of the scheduled subframes) has to satisfy the MCOT requirements for the corresponding Cat-4 LBT procedure. Even if the UE is allowed to continue the countdown on carrier 2 and is able to transmit in some of the later subframes, the total length of scheduled subframes is still limited by MCOT. Given the alignment among all the UL carriers, it should not affect the multi-carrier transmission in Wi-Fi.



Figure 1 Examples of Multi-Carrier UL: (left) the first scheduled subframes are aligned; (right) the first scheduled subframes are not aligned

This first example shows the case where the first scheduled subframes on two carriers are aligned. But the same considerations also apply to the case where the first scheduled subframes on two carriers are not aligned, as shown on the right in Figure 1. In this case, the UE may also start Cat-4 LBT on carrier 2 before subframe n (e.g. right after receiving UL grant) for the UL transmission in subframe n+1. Re-initializing the counter after transmission on carrier 1 in subframe n would also adversely affect the LBT success rate on carrier 2.
Due to these reasons, we do not see the need to support a multi-carrier access procedure similar to DL type A2, where the counter is reinitialized after each transmission. In addition, using the maximum CWS among all the carriers in a group as in DL type A2 is also very conservative and would degrade eLAA UL performance. Therefore, we think there is no need to support type A2, while type A1 can be supported.


On type B multi-carrier access defined for DL, there is some issue for reusing type B1 for UL. For DL, the set of carriers for access is typically quite static or semi-static, and it depends on the eNB capability. So it makes sense to define the set of the carriers as a group and maintain a single CWS for the group, because the set of the carriers that the eNB would try to access does not change or changes slowly. However, for UL, the set of carriers for UL depends on the UL scheduling information from the eNB, which is completely dynamic from one burst to the next depending on scheduling decision. This makes it difficult to define a rather (semi-)static set of carriers to be used as a single entity for channel access. For the example shown in Figure 1, the UE could be scheduled on carrier 1 only in burst #1, on carrier 2 only in burst #2, and on both carrier 1 and 2 in burst #3. A natural question would be how the CWS is maintained for these different sets. If the CWS is reset every time the set is changed, the channel access could be too aggressive because it could almost always use the smallest CWS. If one CWS is maintained for each of the possible combinations of the carriers, there could be a large number of combinations (if the number of carriers is large). In addition, the CWS adaptation could be quite slow because the transmission on one set of carriers cannot be used to adapt the CWS for any other set of carriers set. For these reasons, type B1 does not seem to be a good option for UL.
On the other hand, type B2 multi-carrier access can be directly reused for UL for a group of Cat-4 LBT carriers.
Proposal 2: In UL multi-carrier access, type A1 and B2 (as defined in DL multi-carrier access) are supported for a group of UL carriers that use Cat-4 LBT. Type A2 and B1 are not supported.


Conclusion
In this contribution, we discussed the LBT procedure to support LAA UL, and proposed the following:  
Proposal 1: For an UL carrier where 25us LBT is to be applied, the UE performs 25us LBT before the transmission on this carrier independently of other scheduled UL eLAA carriers.
Proposal 2: In UL multi-carrier access, type A1 and B2 (as defined in DL multi-carrier access) are supported for a group of UL carriers that use Cat-4 LBT. Type A2 and B1 are not supported.
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