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1. Introduction

In RAN Plenary #70 meeting, a new WI eLAA was approved and in RAN1#84 meeting, following agreements were made regarding the UL channel access mechanism [1]:

•
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
In Rel-13 LAA WI, contention window adjustment procedure was specified in 15.1.3 Section of [2]:
If the eNB transmits transmissions that are associated with channel access priority class 
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on a channel, the eNB maintains and adjusts the contention window value 
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 for those transmissions using the following steps:
1) For each priority class
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2) If at least 
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 of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe 
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are determined as NACK, increase 
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 for each priority class 
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to the next higher allowed value; otherwise, go to step 1. 
Reference subframe 
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is the starting subframe of the most recent transmission on the channel made by the eNB, for which HARQ-ACK feedback is available. 
If 
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, the next higher allowed value for adjusting 
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· if the eNB transmission(s) for which HARQ-ACK feedback is available start in the second slot of subframe 
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, HARQ-ACK values corresponding to PDSCH transmission(s) in subframe 
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are also used in addition to the HARQ-ACK values corresponding to PDSCH transmission(s) in subframe 
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· ‘DTX’ state and ‘any’ state are counted as NACK, if the HARQ-ACK values corresponding to the PDSCH transmission(s) are assigned by (E)PDCCH transmitted on the channel

· if a PDSCH transmission has two codewords, the HARQ-ACK value of each codeword is considered separately

· bundled HARQ-ACK across M subframes is considered as M HARQ-ACK responses.
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[image: image17.wmf]p

p

CW

CW

max,

=

 is consecutively used 
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 times for generation of 
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 is selected by eNB from the set of values {1, 2, …,8}.

According to the Rel-14 eLAA WID and agreements made in previous RAN1 meetings, in this contribution, we would like to look at a few issues concerning to the UL LBT, i.e. under which condition and restrictions, Cat 2 or Cat 4 shall be utilized. And if UE utilizes Cat 4 LBT before PUSCH transmission(s), how to make the CWS adjustment and how UE shall get the LBT parameters, e.g. CWS or Random back off counter.
2. Discussion
eNB control of UL LBT procedure:
In the previous Rel-13 LAA WI, it has made consensus that the UL LBT mechanism can be different from the DL LBT mechanism (e.g. by using different LBT mechanisms or parameters) particularly in the self-carrier scheduling case that the UL procedure should be designed simplified or more relaxed compared with the DL counterpart. Otherwise, the fair co-existence cannot be guaranteed because the UL transmission in LTE is not autonomous from the UE side but is completely controlled and scheduled by the eNB. Hence, in the case of self-scheduling, UL transmissions can happen only if the LAA eNB gains channel access first.
However, if the UL LBT type and related parameters are determined by UE itself, several problems pop up. One is how can UE know the DL LBT type and its corresponding parameters. And it is a straight forward solution that eNB can signal this kind of information to UE. But even UE receiving this kind of information, it is with great possibility that different UE will generate different LBT related parameters and it is hard to make coordination among multiple UEs if multiplexed in a single subframe.

Based on above analysis, we give the following observation:

Observation 1: eNB fully control the UE’s LBT behavior, e.g. LBT type and its corresponding parameters before its PUSCH transmission(s).

eNB signals the LBT type to UE: 
Additionally, according to the email discussion after RAN1#84 meeting, common consensus has been reached that if UE(s)’ PUSCH transmission(s) fall into eNB’s MCOT, UE can perform a Cat 2 LBT, and if the channel sensed idle, UE can transmit PUSCH immediately; if UE(s)’ PUSCH transmission(s) fall outside of eNB’s MCOP, UE shall perform a Cat 4 LBT. But UE may not be aware when the MCOT (eNB side grabbing) ends. 
Furthermore, in Rel-13 LAA WI, two types of Channel Access procedure for transmission(s) on multiple channels were specified in 15.1.5 Section of [2].

Type A: independent LBT procedure on each configured carrier.

Type B: Primary channel utilizing Cat 4 and Secondary channels utilizing Cat 2.

If similar multiple carrier operation is taken for UL LAA and in the case that Type B is used, UE may be not aware of whether a specific carrier is counted as Primary or not. And if one carrier is counted as Primary channel, UE shall use Cat 4 to get access to and if one carrier is counted as Secondary channel, UE just need to perform Cat 2 to get access to.
Based on above analysis, we give the following proposal:

Proposal 1: It is beneficial that eNB indicates the UL LBT type on each configured carrier.

CWS adjustment in UL Cat 4 LBT procedure:

If UE shall utilize Cat 4 LBT to get access to the unlicensed band, CWS adjustment behaviour and random back off counter generation need to be solved first.  We would like to suggest 3 alternatives to be considered.
· Alternative 1: One option is that CWS adjustment is made based on the feedback of whether the previous PUSCH transmission(s) is decoded successfully and random back off counter is generated at UE side. 
· Alternative 2: The other option is that CWS adjustment is made based on the PUSCH transmissions and random back off counter is generated at eNB side and then eNB signals the random back off counter to UE.
· Alternative 3: CWS adjustment is made based on the PUSCH transmissions at eNB side and then eNB signals the CWS to UE. After UE receives CWS value, UE itself shall generate the random back off counter.

Following table illustrates the pros and cons of each alternative. 
	
	Feature
	Pros 
	Cons

	Alt 1
	· Both CWS adjustment is made and random back off counter is generated at UE side.
	· No additional signalling exchange between eNB and UE.
· The CWS adjustment behaviour can fully capture the co-existence status of UE side.
	· Timing delay between PUSCH transmissions and the followed UL grant, which implicitly indicating whether eNB decoding the PUSCH transmission(s) successfully.
· Inherently, resulting in the CWS can not be updated timely.
· Ambiguity appears between eNB and UE side on the random back off counter and its corresponding CWS.

	Alt 2
	· Both CWS adjustment is made and random back off counter is generated at eNB side.
	· Simple solution
· Regarding the random back off counter and its corresponding CWS, no ambiguity appears between eNB and UE side, which contributes to eNB making UL scheduling.

· CWS can be updated timely.
	· Additional signalling needed, i.e. eNB signalling random back off counter to UE.
· The CWS adjustment behaviour made at eNB side can not fully capture the co-existence status of UE side. 

	Alt 3
	· CWS adjustment is made at eNB side but random back off counter is generated at UE side.
	· CWS can be updated timely.
· No ambiguity appears between eNB and UE side on the CWS.

	· Additional signalling needed, i.e. eNB signalling the CWS.
· The CWS adjustment behaviour can not fully capture the co-existence status of UE side.
· Ambiguity appears between eNB and UE side on the random back off counter.


Therefore, based on the analysis above, we would like to propose alternative 2 to be considered for the CWS adjustment of UL Cat 4 LBT and give following proposals:
Proposal 2: eNB makes the CWS adjustment for UE’s Cat 4 LBT.

Proposal 3: eNB generates the random back off counter and signals to UE in case UE utilizing Cat 4 LBT.
3. Conclusion 
In this contribution we have looked at several issues related to the Rel-14 eLAA UL channel access mechanism design and consequently giving following observations and suggesting the following proposals which would need to be considered in the Rel-14 eLAA WI phase:
Observations and proposals:

Observation 1: eNB fully control the UE’s LBT behavior, e.g. LBT type and its corresponding parameters before its PUSCH transmission(s).

Proposal 1: It is beneficial that eNB indicates the UL LBT type on each configured carrier.

Proposal 2: eNB makes the CWS adjustment for UE’s Cat 4 LBT.

Proposal 3: eNB generates the random back off counter and signals to UE in case UE utilizing Cat 4 LBT
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