[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #86	R1-167607
Gothenburg, Sweden, 22nd – 26th August 2016

[bookmark: _Ref133120545]Source:	Sharp
Title:	Remaining details on channel access framework for LAA UL
Agenda Item:	7.2.1.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1#85 [1] and the email discussion after the meeting [2], details on channel access framework for License-assisted access Uplink (LAA UL) were discussed and many agreements were made. However, there are still remaining issues such as Cat-4 contention window size (CWS) adaptation, channel access for SRS only transmission, channel access for consecutive subframes without any gaps.
In this contribution we provide our views on channel access framework for LAA UL. 
CWS adaptation
During the email discussion following RAN1#85, four LBT priority classes shown in Table 1 were agreed.

Table 1: Agreed LBT priority classes
	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.



On the other hand, it has not been decided whether CWS is managed by eNB or UE. During the email discussion, three alternatives have been identified.

Alternative 1: 
· For category 4 LBT for PUSCH transmission on LAA SCell,
· CWS is managed by eNB and indicated by UL grant.
· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.
· Reference subframe is the starting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used, for which DM-RS or SRS transmission from the UE is detected and PUSCH decoding is completed.
· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB implementation from the set of values from (1, …,8).

Alternative 2: 
· For category 4 LBT for PUSCH transmission on LAA SCell
· The reference scheduled burst is the most recent set of contiguous (i.e. without any gap in between) scheduled UL subframe(s) for the UE that is expected to start after a category 4 LBT and is expected to end at least 4 subframes earlier than the subframe in which the following contention window size adjustment is transmitted
· The reference subframe is the first subframe in the reference scheduled burst where the eNB successfully decodes at least one transport block from the UE.
· The position of the reference subframe within the reference scheduled burst is signaled to the UE in the UL grant in which Cat. 4 LBT is signaled as the LBT type to the UE
· The eNB can also signal that no reference subframe was detected

· If the UE first transmitted in the reference scheduled burst earlier than the signaled reference subframe, the CWSs for all the priority classes are increased.
· If the UE first transmitted in the reference scheduled burst later than the signaled reference subframe, the CWSs for all the priority classes are left unchanged.
· If the UE first transmitted in the reference scheduled burst in the signaled reference subframe, the CWSs for all the priority classes are reset.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB and RRC configured to the UE from the set of values from (1, …,8).

Alternative 3:
· For category 4 LBT for PUSCH transmission on LAA SCell,
· CWS is adjusted at the UE side.
· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.
· Option 1:
· Reference subframe is the starting transmitting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used.
· Option 2: 
· Reference subframe is the subframe of the most recent UL transmission burst which the UE transmitted successfully. 
· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.
· The UE determines the success or failure of its transmission based on the NDI flipping for the HARQ process used for the reference subframe. 
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB implementation from the set of values from (1, …,8).
Alternative 1 is the simplest solution and it brings a perfect alignment of the CWS between the eNB and the UE. Moreover, it reflects LBT failures timely in the CWS adjustment [3]. A possible drawback of Alternative 1 is that the eNB does not update the CWS if a UL collision occurs but it cannot be detected by the eNB. Such cases may be caused by active hidden nodes. However, it is not only Alternative 1 that the presence of hidden nodes affects, since it may also lead to UL grant detection failures at the UE side, which cause mis-alignments on reference subframe position signaling in Alternative 2 as well as NDI signaling in Alternative 3.
Proposal 1:
· For category 4 LBT for PUSCH transmission on LAA SCell, CWS is managed by eNB and indicated by UL grant.
Channel access for SRS only transmission
During the email discussion following RAN1#85, the following agreements were made.
 (
Agreement:

           
For
 an 
aperiodic
 SRS that is not multiplexed with PUSCH in the same subframe,
–
       
If the 
aperiodic
 SRS is followed by PUSCH without a gap between SRS and following PUSCH,
UE performs LBT indicated for the following PUSCH.
–
       
If the 
aperiodic
 SRS is followed by PUSCH with gap between SRS and following PUSCH,
o
    
Within 
eNB’s
 channel occupancy, UE performs 25 
usec
 one shot LBT
Outside of 
eNB’s
 channel occupancy, UE performs random backoff based on LBT priority Class 1.
Choose one of the following options:
Option 1: UE performs Cat 3 LBT with fixed CWS values. The value is chosen from [3
,7
].
Option 2: UE performs Cat 3 LBT with CWS 7.
Option 3: UE performs Cat 4 LBT.
o
    
FFS: SRS transmission if the gap between SRS and following PUSCH is smaller than 
Xus
.

           
FFS the exact value of X > 25us
)
The remaining issue for SRS is the channel access scheme in cases of the SRS only transmission not immediately followed by PUSCH outside of eNB’s channel occupancy. There are three options based on LBT priority Class 1:
· Option 1: UE performs Cat 3 LBT with fixed CWS values. The value is chosen from [3,7],
· Option 2: UE performs Cat 3 LBT with CWS 7,
· Option 3: UE performs Cat 4 LBT.
Considering SRS multiplexing among UEs, it is preferable that the CWS is fixed. The SRS transmission is much shorter than regular PUSCH transmissions. Moreover, the SRS on LAA cell is transmitted much less frequently than the legacy SRS, since a single LAA SRS covers the whole system bandwidth. Therefore, Cat 3 LBT with fixed CWS=3 can be always used.
Proposal 2:
· If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH and outside of eNB’s channel occupancy, UE performs Cat 3 LBT with fixed CWS value 3.

Channel access for consecutive subframes without any gaps
During the email discussion following RAN1#85, some company mentioned their concern that it should be for further study whether, 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 or not. However, there is no reason to restrict continuous UL transmissions following the Cat-4 LBT to a single UL subframe.
Proposal 3:
· 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.

Conclusion
In this contribution, we propose the following: 
Proposal 1:
· For category 4 LBT for PUSCH transmission on LAA SCell, CWS is managed by eNB and indicated by UL grant.
Proposal 2:
· If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH and outside of eNB’s channel occupancy, UE performs Cat 3 LBT with fixed CWS value 3.
Proposal 3:
· 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.
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