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The new Rel-14 work item on enhanced LAA is tasked with specifying efficient operation of uplink LAA [1].  Within the WID scope, the channel access mechanism functionality for UL transmissions should be addressed. The following agreements were made during the RAN1#84bis meeting [2] and the follow up email discussion [84b-06]:

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

Agreement:
· UL grant only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.
1. FFS: UL grant only transmission by eNB based on a 25 µs CCA is supported. 
0. eNB can choose between Cat-4 or 25  µs  CCA LBT.

The follow up email discussion [84b-06] provided an opportunity to discuss UL channel access in detail. In our companion contributions, we present the system performance evaluation results [3]. In this contribution, we discuss the key aspects of UL channel access and present some proposals on the UL channel access procedures. Some signalling that may be required between eNBs and the UEs for the purpose of channel access as well as our view on LBT for only UL grant transmission and conditions for no LBT operations are discussed in [4][5][6].
Discussion
Channel Occupancy Sharing
When an eNB performs an exponential random backoff or Cat 4 LBT with a given MCOT and acquires access to the channel, it is legitimate to share its channel occupancy with its UEs up to the MCOT limit. This functionality is a fundamental principle of Wi-Fi operation and it makes sense to be considered for LAA where LAA UEs have limited opportunity to access the channel. Moreover it is in line with the discussions in ETSI BRAN on which some more details are provided in the following.
When a node initiates a channel occupancy or, in other words a transmission, by performing an exponential random backoff, it is allowed to share its channel occupancy with other nodes, referred to as responding nodes. This is a core principle of Wi-Fi operation where an AP that can share its channel occupancy with its STAs. Similarly, an eNB can share its channel occupancy with its UEs. The corresponding rules, in line with the ETSI BRAN discussions [7], imply that gaps between these transmissions are allowed. Moreover if a gap is within 16 µs, the transmission after the gap can occur without channel sensing. For larger gaps, an LBT based on a CCA of at least 25 µs is required prior to transmission. Moreover the rules require that the total channel occupancy by the initiating and responding nodes, i.e. DL and UL transmissions in case of LAA shall not exceed the corresponding MCOT. Note that gaps larger than 25 µs are allowed, but any gap larger than 16 µs shall not be included in the total channel occupancy.  
In practice, an eNB may schedule a UE where its transmission falls outside the MCOT restrictions described above. In this case, the eNB may direct the UE to perform a Cat 4 LBT prior to its transmission. However the scheduling is completely in control of eNB and the responsibility to meet these MCOT requirements is up to the eNB. Therefore the specification should allow the eNB to signal to the UE whether 25 µs or Cat 4 LBT is to be used for any particular subframe as we discuss more in details in our companion contribution [4]. 
Moreover in the previous meeting the shared MCOT concept based on the agreements in ETSI BRAN to accommodate LAA UL operation in the unlicensed spectrum due to scheduling delay and scheduled transmission was intensively discussed [8][9]. The proposal further discussed during the email discussion [84b-06] and the discussion resulted in the following agreement revised following proposal:

Proposal:

· 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. 
· Any gap between two consecutive transmissions that is larger than 25 µs shall not be included in the total transmission duration.
· [Agreement: 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.
· The eNB shall ensure that the total duration of the transmissions that occur between the start times of transmissions following two successive Category 4 LBT procedures, is less than or equal to the MCOT
· The transmissions are from an eNB and all the UEs served by it
· The successive Category 4 LBT procedures may not be from the same node
· Within an MCOT limit, the eNB shall ensure that there is no more than one gap that is 4 ms or greater due to the grant to transmission delay
· 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
· The eNB should schedule such that the MCOT limits are met assuming that there is a UL transmission in every scheduled UL subframe.
· FFS multiple transitions between DL and UL, and the associated detailed behavior (e.g. allowed gaps and how gaps are counted towards MCOT)

On allowing multiple transitions between DL and UL, it is important to keep in mind that the transmission gaps between the DL transmission that initiated the COT and the DL transmissions occurring within a COT has to be counted in the total channel occupancy. However this feature seems to be beneficial in scenarios that no gap is between the scheduled UL subframes and the DL subframe initiated the COT.
UL traffic type based on the LBT parameters
One of the interesting discussion topics during the email discussion [84b-06] was whether to put any restriction on the type of traffic transmitted in the UL due the LBT parameters that are used at UE or at the eNB where an MCOT is initiated and shared by UEs.
We expressed our preference for not imposing such restrictions for at least the following reasons: 
· Restricting UL traffic type based on the LBT parameters implies that the eNB has to dictate to UE what traffic should be sent on the UL. This decision is not within the scope of RAN1 and has a large impact on LCP (Logical Channel Prioritization) handling. Also RAN2 the already made decisions with respect to handling the LCP and informed RAN1 via [10] that “RAN2 agreed that we have defined LCP for multiplexing of UL data and we want to use this unchanged for UL LAA.” 
· Performance of UL LAA is already constrained due to the presence of at least 4ms scheduling without causing any coexistence issue with Wi-Fi [3]. When the MCOT is shared with eNB, the higher priority LBT classes would result in lower channel utilization in the uplink due to shorter corresponding MCOT. 
Although our view was in-line with the majority of the views, some concerns were raised demanding explicit rules to ensure the principle of QoS differentiation via prioritized channel access. It has been discussed that the same principle in UL LBT should be considered similar to the DL LBT in Rel-13 where an eNB may only access the channel using priority class P, if the subsequent transmission contains traffic corresponding to priority P or higher.  Moreover any unfilled resources may be used for lower priority traffic to avoid wastage of the medium that occurs otherwise. In order to address the concern we propose the following which intends to ensure that the UL/DL traffic is in accordance with the LBT priority class used to obtain access:
Proposal:
· There is no restriction at the UE on the content of PUSCH within a UL transmission based on the LBT parameters used by the eNB for channel access for that transmission.  
· The eNB is responsible to allocate resources for PUSCH transmissions based on the received buffer status and choose the LBT priority class accordingly as per the current behaviour.

Cat .4 LBT parameters
We propose that the Cat. 4 LBT parameters are in-line with the requirements in ETSI BRAN. Therefore we propose the following:

Proposals:
· Rel-14 supports four LBT priority classes for UL transmissions. 
· For the LBT priority classes 1 to 4, eLAA supports the LBT parameter values shown in the table below.
· Note: In the table below CWmin, CWmax, n and MCOT refer to the minimum contention window size, the maximum contention window size, the number of consecutive CCA slots in the defer period and the maximum channel occupancy time, respectively. 
	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 pauses. The minimum duration of a pause shall be 100 µs. The maximum duration (Channel Occupancy) before including any such pause shall be 6 ms. The pause 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 for LBT priority classes 3 and 4 is for 10 msec, otherwise, maximum channel occupancy time for LBT priority classes 3 and 4 is 6ms as in note 1.





On CW adjustment for UL LBT based on Cat 4, we prefer to follow the same principle as Rel-13 with the adjustments needed for UL transmissions. In principle for a given LBT priority class, the contention window can be increased in case of retransmissions for a reference subframe in the UL transmission burst. However depending on the HARQ processes in use some considerations should be taken into account. Our first preference was to have the eNB signal the parameters for the category 4 LBT to be performed by the UE. However, considering the signalling overhead, it is possible for the UE to manage the LBT parameters as well. However, specific procedures may need to be followed at the UE which will add additional complexity to the UE.


Proposals:
· The following procedure is used by the UE to increase or reset to the minimum value the contention window size for performing LBT prior to transmission of a UL burst for which the eNB has indicated that LBT using a category 4 random backoff procedure (where contention window sizes can be increased) must be performed
· The most recent scheduled burst of contiguous subframes (excluding the currently scheduled burst) for which the HARQ process number used in the first subframe of the burst also appears in the currently scheduled burst is used as the reference transmission burst by the UE. The HARQ process which satisfies the above condition is used as the reference HARQ process to determine the contention window size.
· If the NDI bit for the reference HARQ process is set to 0 indicating that this is a retransmission, the contention window size is increased to the next higher value in the set of contention window sizes for the priority class that was used to perform LBT prior to transmission of the reference transmission burst.
· Otherwise if the NDI bit for the reference HARQ process is set to 1 indicating that this grant is for the transmission of a new transport block, the contention window size is reset to the minimum value in the set of contention window sizes for the priority class that is being used by the UE to perform LBT prior to transmission of the current transmission burst. This priority class may either be chosen by the UE based on the traffic type it intends to transmit or may be indicated by the eNB in the UL grants for the current transmission burst.
· The CW size is reset to the minimum value if the maximum CW size is used for K consecutive LBT attempts for transmission
· K is selected by implementation from the set of values from (1, …,8).
Moreover we believe that for efficient operation it is essential that eNB is in charge of LBT parameters to avoid incorrect scheduling cases. For example if the eNB is not aware of the random back off counter or the corresponding CW size used by a UE to access the channel, the scheduler may schedule a UE for UL transmission at a time instant that UL LBT would fail even in case of an idle channel. This knowledge can be communicated with UE in an implicit or an explicit manner. Our companion contribution addresses the details of signaling the LBT parameters [4].
Multi-carrier operation
The evaluations in [3] show that extending UE single channel operation to multi-channel operation does not create any coexistence issue when LAA coexist with a neighbouring Wi-Fi network. Therefore we propose the following for eLAA UL multi-carrier operation:
Proposal: 
· Multi-carrier LAA UL operation is based on an extension of the single carrier operation on multiple channels.
ED threshold for UL LBT
In our view, the requirements on the energy detection threshold can follow the agreement reached in Rel-13 for PDSCH transmission.
Proposal:
· Align the requirement on the energy detection threshold for PUSCH transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.
Conclusion
In this contribution we discuss UL LBT procedures for enhanced LAA and proposed the following:
Proposal:

· 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. 
· Any gap between two consecutive transmissions that is larger than 25 µs shall not be included in the total transmission duration.
· [Agreement: 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.
· The eNB shall ensure that the total duration of the transmissions that occur between the start times of transmissions following two successive Category 4 LBT procedures, is less than or equal to the MCOT
· The transmissions are from an eNB and all the UEs served by it
· The successive Category 4 LBT procedures may not be from the same node
· Within an MCOT limit, the eNB shall ensure that there is no more than one gap that is 4 ms or greater due to the grant to transmission delay
· 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
· The eNB should schedule such that the MCOT limits are met assuming that there is a UL transmission in every scheduled UL subframe.
· FFS multiple transitions between DL and UL, and the associated detailed behavior (e.g. allowed gaps and how gaps are counted towards MCOT)

Proposal:
· There is no restriction at the UE on the content of PUSCH within a UL transmission based on the LBT parameters used by the eNB for channel access for that transmission.
· The eNB is responsible to allocate resources for PUSCH transmissions based on the received buffer status and choose the LBT priority class accordingly as the current behavior.

Proposals:
· Rel-14 supports four LBT priority classes for UL transmissions. 
· For the LBT priority classes 1 to 4, eLAA supports the LBT parameter values shown in the table below.
· Note: In the table below CWmin, CWmax, n and MCOT refer to the minimum contention window size, the maximum contention window size, the number of consecutive CCA slots in the defer period and the maximum channel occupancy time, respectively. 
	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 pauses. The minimum duration of a pause shall be 100 µs. The maximum duration (Channel Occupancy) before including any such pause shall be 6 ms. The pause 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 for LBT priority classes 3 and 4 is for 10 msec, otherwise, maximum channel occupancy time for LBT priority classes 3 and 4 is 6ms as in note 1.




Proposal:
· The following procedure is used by the UE to increase or reset to the minimum value the contention window size for performing LBT prior to transmission of a UL burst for which the eNB has indicated that LBT using a category 4 random backoff procedure (where contention window sizes can be increased) must be performed
· The most recent scheduled burst of contiguous subframes (excluding the currently scheduled burst) for which the HARQ process number used in the first subframe of the burst also appears in the currently scheduled burst is used as the reference transmission burst by the UE. The HARQ process which satisfies the above condition is used as the reference HARQ process to determine the contention window size.
· If the NDI bit for the reference HARQ process is set to 0 indicating that this is a retransmission, the contention window size is increased to the next higher value in the set of contention window sizes for the priority class that was used to perform LBT prior to transmission of the reference transmission burst.
· Otherwise if the NDI bit for the reference HARQ process is set to 1 indicating that this grant is for the transmission of a new transport block, the contention window size is reset to the minimum value in the set of contention window sizes for the priority class that is being used by the UE to perform LBT prior to transmission of the current transmission burst. This priority class may either be chosen by the UE based on the traffic type it intends to transmit or may be indicated by the eNB in the UL grants for the current transmission burst.
· [bookmark: _GoBack]The CW size is reset to the minimum value if the maximum CW size is used for K consecutive LBT attempts for transmission
· K is selected by implementation from the set of values from (1, …,8).
Proposal:
· Multi-carrier LAA UL operation is based on an extension of the single carrier operation on multiple channels.
Proposal:
· Align the requirement on the energy detection threshold for PUSCH transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.
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