[bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #86		R1-167196
Gothenburg, Sweden 22nd - 26th August 2016

Source:	Kyocera
Title:	Channel Access Scheme for UE multiplexing.
Agenda Item:	7.2.1.3
Document for:	Discussion/Decision

[bookmark: _Ref301342314]Introduction
In RANP#70, enhanced LAA for LTE WI was approved [1] that included a task assigned 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



· In the last  RAN1 meeting the following was agreed [3]: 
	
RAN #85 and e-mail discussion
Agreements:
· Transmission on UL is allowed to start at the following times in a UL subframe
· Start of DFTS-OFDM symbol 0
· Start of DFTS-OFDM symbol 1
· 25 us after start of DFTS-OFDM symbol 0
· 25 us + TA value after start of DFTS-OFDM symbol 0  
· FFS: Choose between the following options to enable the start times within the first DFTS-OFDM symbol

Agreement:
· 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.
· A channel occupancy is started with a DL transmission after CAT4 LBT.
· UL transmissions within a channel occupancy scheduled by a single UL grant or by multiple UL grants shall be contiguous if they can be scheduled contiguously
· Note: If the UL transmissions within a channel occupancy cannot be scheduled contiguously, then there can be gaps between the UL transmissions
· Note: There can be gaps due to LBT failures at the UE between the UL subframes in which transmissions occur
· Note: There can be gaps for 1 or 2 symbols between the scheduled UL subframes within an MCOT
· Any gap between two consecutive transmissions that is larger than 25 µs shall not be counted towards the MCOT limit.
· 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.
· Note: A UE performing Cat. 4 LBT for a new UL transmission as part of the channel occupancy initiated by the eNB is not precluded
· The eNB shall schedule such that the duration of all scheduled transmissions shall be counted towards the MCOT; however the LBT duration is not counted towards the MCOT.
· Within a channel occupancy, any gap between non-consecutive DL transmissions shall be counted towards the MCOT limit.
· FFS multiple transitions between DL and UL within a channel occupancy, and the associated detailed behavior (e.g. allowed gaps and how gaps are counted towards MCOT)
· FFS: Whether scheduling the same UE is can be done in non-consecutive or only in consecutive subframes within a channel occupancy
· A channel occupancy may be started with a UL transmission after CAT4 LBT by the UE.
· No two channel occupancies whether they are initiated by the eNB or initiated by UEs served by the eNB can overlap in time

Agreement:
· UL grant only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.  The choice of LBT priority class is up to eNB.
· 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.
Agreements:
· Rel-14 supports four LBT priority classes for UL transmissions as in the following table. 
· Note: CWmin, CWmax, n refer to the minimum CW, maximum CW and the number of consecutive CCA slots in the defer period, respectively.
· Note: the smaller the LBT priority class number, the higher the priority.
· FFS: additional set of LBT parameters for the LBT priority classes that can be chosen by the eNB
	LBT priority class
	n
	CWmin
	CWmax
	MCOT
	Set of CW sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms (see note 1) or 10 ms (see note 2)
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms (see note 1) or 10 ms (see note 2)
	{15,31,63,127,255,511,1023}

	NOTE 1: The MCOT of 6 ms may be increased to 8 ms by inserting one or more gaps. The minimum duration of a pause shall be 100 µs. The maximum duration (Channel Occupancy) before including any such gap shall be 6 ms. The gap duration is not included in the channel occupancy time. 
NOTE 2: If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation), the maximum channel occupancy time (MCOT) for LBT priority classes 3 and 4 is for 10 ms, otherwise, the MCOT for LBT priority classes 3 and 4 is 6ms as in note 1.



Agreements:
· When the UE performs 25 microsecond LBT on an LAA SCell,
· There is no additional restriction at the UE (other than the multiplexing rules defined in RAN2) on the type of the traffic that can be carried in the scheduled subframes.
· eNB shall not schedule the UE more subframes than the minimum necessary to transmit all the traffic corresponding to the same LBT priority class or lower (i.e., with a lower number in the LBT priority class table) than the LBT priority class used by the eNB based on the DL traffic and the latest BSR and received UL traffic from the UE.
· The eNB is responsible for making sure that the mapping between QCI and LBT priority class is consistent with section 5.7.1 in TS 36.300.
· The eNB is expected to take the QCI with the lowest priority in the logical channel group into account when defining the LBT priority class for a logical channel group
· Send an LS to RAN2 informing them of above agreement.

Agreement:
· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.

Agreement:
· UE is not expected to be signaled different LBT types for all consecutively scheduled subframes when there is no gap between the consecutive subframes. 
· FFS: For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.
· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, if LBT fails for a subframe in that set, the UE continues the LBT according to the signaled LBT type for the next subframe in the set.


Channel Access scheme for UE multiplexing
As mentioned in the above agreements, the UL transmissions LBT types (25us CCA or Cat.4 LBT) are configured by the eNB regardless of 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 UL channel access opportunities can be categorized into the following two categories: 
1. Single LBT (25us CCA) is applied for UL transmission (Figure1).
2. Cat.4 LBT is applied for UL transmission (Figure2 (a), (b)).


Figure 1 Single LBT is applied for UL transmission (MCOT limit= 4ms)



 (a) Self-scheduling 			   (b) XCS
Figure 2 Cat.4 LBT is applied for UL transmission 



·  Single LBT is applied for UL transmission
According to the above agreements, UEs can start its UL transmission after a 25us LBT when the total DL/UL transmission time does not exceed the MCOT limit. In this situation the UL transmissions of the scheduled UEs are good as they just follow the UL grants sent by the eLAA or PCell and the other UEs served by the same eNB do not interrupt the UL transmissions. One OFDM symbol is kept blank in the UL subframe enabling the UEs to start the UL transmission with single 25 us LBT. 
· Cat.4 LBT is applied for UL transmission
As agreed when the UL transmission burst exceeds the MCOT limit after the DL transmission has occurred, the UE should apply the Cat.4 LBT indicated by the eNB (Figure 2(a)). In addition, if the eNB transmits the UL grant in XCS case, Cat.4 LBT is always applied for UL transmission (Figure 2(b)). In case of applying LBT Cat.4, it is very difficult to align the transmission timing between the scheduled UEs due to the CCA counter misalignment between all the near-by UEs (Figure2). If transmission timings are not aligned, the UE that is unable to start its UL transmission in the first scheduled subframe may not be able to transmit during the remaining scheduling transmission burst duration due to the unsuccessful Cat.4 LBT process. To solve this problem, we show 5 options as solutions which are shown below:
1. Deferring transmission timing 
If the UE finishes the CCA counter of CW-1 then the UE can 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 provides more opportunity for other devices and nodes to access the channel. This results in throughput degradation. 
2. Reservation signal sent by the UE
After performing the CCA the UE can transmit a reservation signal until the start of the scheduled transmission burst. While performing LBT if the other UEs detect the reservation signal from a specific UE then the UEs detecting the reservation signal could take the reservation signal power into account before start their own transmissions. However, this solution increases the receiver complexity and increase the standardizations effort.
3. Indication Method
[bookmark: _GoBack]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) after receiving  the indicator could adapt (for example,  start transmitting after performing a 25us LBT during  the second subframe). This method also helps those UEs which are scheduled to transmit in the middle of the burst transmissions since these UEs are unaware if they are at the beginning of the MCOT. Therefore, we propose using the above indicator transmission by those UEs that have completed their CCA process. 
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. 
5. DL trigger transmission
As mentioned in [3], if UL transmissions are followed by the DL trigger transmission, then the UEs can easily align themselves with the timing. This method is very attractive from the perspective of synchronization of the start time for different UEs. However, to support this method around 1ms lead-time is needed for the trigger. This DL trigger transmission would be inefficient relative to the MCOT length. For example, 1ms DL transmission trigger will have 25% overhead for 4ms MCOT. In addition, this method cannot be applied to the UEs with different start time than other UEs. 
Although each of the above solutions has pros and cons, in our opinion the Deferring method has the least impact on the specifications; therefore, it should be considered to be supported. However, if the efficiency is considered then the Indication method is considered more suitable and must be considered to be supported. 
Proposal 1: Indication method should be considered to be supported to facilitate eLAA UL multiplexing. 

Conclusions
In this contribution, we provided our views on Channel Access Scheme for UE multiplexing. We have following proposals.
Proposal 1: Indication method should be considered to be supported to facilitate eLAA UL multiplexing. 
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