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In RANP#70, enhanced LAA for LTE WI was approved [1] that included a task given to RAN1 to support UL specifications not including the standalone operation and dual-connectivity. Additionally, supporting UE multiplexing was approved during the Rel.13 SI (see below). UE Multiplexing is a mechanism that provides a significant scheduling gain. In this contribution we show the UL LAA multiplexing issue and propose a solution. The following agreements are used as the basis for considering the UE multiplexing:
· Rel.13 SI/WI phase
	Agreement:
· Target the support of UL multiplexing of multiple UEs in one subframe by
· Multiplexing in frequency domain
· The supported resource assignment (e.g. number and location of allocated RBs) is FFS
· Multiplexing by MU-MIMO

	Agreement:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of at least 25 us before the transmission burst
· The sensing duration in a CCA slot can be less than the CCA slot duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},
· FFS: The random backoff counter is generated at the eNB and is signaled to the UE
· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 
· The UL maximum contention window size should be smaller than for DL category 4 LBT
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary
· FFS: Energy detection threshold used for UL LBT



· Previous RAN1 meeting [2]. 
	Agreement:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported
· Working assumption: The minimum latency is 4ms
Agreement:
· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail
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


Channel Access scheme for UE multiplexing
Basically UL transmission should be configured by the eNB regardless of it is the self-scheduling or the cross-carrier scheduling (XCS) method. However, the UL transmission is then dependent on the DL transmission from the eNB. The Channel access opportunities for the UL transmissions are divided into two categories: 
1. Conservative UL transmission after the DL transmission (Figure1).
2. UL transmission independent from the DL transmission (Figure2 (a), (b)).


Figure1 UL Tx within MCOT



	     (a) Self-scheduling 			   (b) XCS
Figure2 UL Tx out of MCOT

· Conservative UL transmission after the DL transmission
According to the Email discussion [3], UEs can start its UL transmission after a 25us LBT when the total DL/UL transmission time does not exceed the MCOT duration (Figure1). In this situation UL transmission will be easily aligned between scheduled UEs because UE(s) just follow the UL grants sent by the eLAA or PCell and other devices do not interrupt the UL transmission. In addition, several RAN1 members indicated a strong support for at least one symbol in a PUSCH subframe to be blanked for LBT [4]. Therefore, at least one blank symbol enables UE to start UL transmission and conservative DL transmission with single 25 us LBT. 
· UL transmission independent from the DL transmission
On the other hand, as shown in the above agreements, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported as shown in figure 2 (a) and (b). If the UL grant is scheduled by self-scheduling, CW size should be smaller than CW=7 in order to alleviate the UL transmission restriction. In the XCS case there is no procedure to send the UL grant in the unlicensed band. Therefore, we propose UE(s) apply the Cat.4 LBT procedure as done for the DL transmissions in order to reduce impact on other devices. 
Proposal 1: For XCS, Cat.4 LBT like a DL transmission should be applied for the UL transmissions.
However, it is very difficult to align the transmission timing between the scheduled UEs if Cat.4 LBT is used for the UL transmissions because each CW size would be configured by the UE itself. One approach is to fix the CW size for the UL transmissions. But this approach may still not work because of the CCA counter misalignment between all the UEs located in the proximity (Figure2-b). To solve this problem, we propose 4 options as solutions which are shown below:
1. Deferring transmission timing 
If UEs which finished CCA counter of CW-1 defer its transmission and carry out one CCA before starting the transmission burst. In this case, the collisions will be avoided. However, the transmission deferring gives other devices more opportunity to access the channel. This results in degradation in the throughput. Therefore, this solution is not preferable. 
2. Reservation signal
After performing the CCA the UE can transmit the reservation signal until the start of the scheduled transmission burst. If UEs which have not finished their LBT yet and can see reservation signal from a specific UE then the UE can subtract power of reservation signal from the total detected power. Removing power of reservation signal alleviates UE LBT procedure. However, this solution increases the receiver complexity and increase the standardizations effort.
3. Indication
After performing the CCA the UE’s UL transmissions could cause interference to other UEs that are still performing LBT. However, if the UE(s) that have started their UL transmission transmits an indicator (e.g., specific reference signal) for those UEs which are still performing LBT then the other UE(s) can detect the indicator and start transmitting after performing a 25us LBT for the second subframe. This method also helps those UEs which are scheduled to transmit in the middle of the burst transmissions since these are unaware if they are at the beginning of the MCOT. Therefore, in our opinion transmitting an indicator by the UEs which have completed their CCA provides a good solution and must be studied further.
4. Narrow band LBT
If the UEs are allowed to carry out LBT in only scheduled RB, then the UE can easily identify if the channel is available for their own transmissions. However, this solution only works for the LTE devices since only those devices have the needed information about the scheduled RBs. Therefore, the Narrow band LBT can be applied in limited situations such as when it is known there are no non-LTE devices in the proximity. 
Although above solutions have each pros and cons, we thinks the indication method is most reasonable solution talking into account for flexible scheduling and UE complexity. 
Proposal 2: To Support flexible scheduling and multiplexing, some of indication shared between scheduled UEs should be applied.
Conclusions
In this contribution, we provided our views on Channel Access Scheme for UE multiplexing. We have following proposals.
1. For XCS, Cat.4 LBT like a DL transmission should be applied for the UL transmissions.
1. To Support flexible scheduling and multiplexing, some of indication shared between scheduled UEs should be applied.
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