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1 Introduction

The following agreements and working assumptions have been reached for LAA UL in Rel-13 [1]-[3],
Agreements: [RAN1 #81]
· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities

· Other considerations including multiplexing of multiple UEs in a single subframe

· Possibly other considerations
Working assumptions: [RAN1 #82]
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of 25 us before the transmission burst

· The sensing duration can be less than the CCA 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 of X={3, 4, 5, 6, 7}, respectively
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE

· 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: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts
Agreements:  [RAN1 #84]

· 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 this contribution, we discuss UL channel access schemes for LAA Scell.
2 Discussion
2.1 LAA UL channel access schemes
It has been agreed during the Rel-13 study item phase that support of multi-user multiplexing in one UL subframe on the unlicensed Scell by SDM or FDM multiplexing shall be supported in LAA. In order to support such multiplexing, aligning the data transmission staring point is necessary for all UEs scheduled in one UL subframe on each LAA carrier. As agreed in 3GPP #84 meeting, two channel access approaches had been agreed. Option 1: LBT cat.2 based on a single CCA duration of at least 25us before the UL transmission bursts; Option 2: LBT cat.4 channel access procedure.

· Option 1

For LAA UL transmission with LBT category 2, multiple UEs scheduled in the same UL subframe by one LAA eNB can adopt the common CCA opportunities, such that UL multi-user multiplexing can be easily achieved. Note that using of LBT category 2 before the UL transmission can also improve the channel access capability of LAA UL to achieve a fair contention between LAA and WIFI in UL. 
It is also noted that MCOT values corresponding to different cat.4 LBT classes have been given in Rel-13 and the UL MCOT acquired with LBT cat.2 has not been defined yet. Considering that LBT cat.2 could have higher channel access ability than LBT cat.4 for UL LAA, it can be utilized for UL traffic with higher latency requirements. To ensure a fair contention for different UL LBT categories, the MCOT for cat.2 LBT should be defined as a smaller value than cat.4 LBT. 
Proposal 1: UL LBT based on LBT cat.2 can be used for UL traffic with higher latency requirements.
· Option 2
Considering the unfair UL channel access opportunity of LAA compared to WIFI as discussed in previous meetings, smaller contention window size compared to DL category 4 LBT should be considered for both self-carrier scheduling and cross carrier scheduling, when category 4 LBT is to be defined for LAA UL. Considering that one SC-FDMA symbol duration is about 71us which is slightly larger than LBT overhead for CWS=3 with best effort traffic introduced by [4] (16+3*9+3*9=70us), it is proposed that UL LAA should support only CWS=3 such that the overhead paid for LBT behavior is limited within one symbol. Even if the CCA cannot be finished within the one symbol due to the larger CWS or high load, the remaining counter can be frozen and resume until the next CCA opportunity, therefore one symbol can be sufficient. Note that the above assumes the UL traffic with LBT priority class 3 (i.e. best effort) is transmitted over the unlicensed carrier. The LBT parameters for other LBT priority classes, if supported in LAA UL, should be discussed further. 
Proposal 2: For UL LBT based on cat.4, only the minimum CWS=3 should be used at least for self-carrier scheduling scenario.
Proposal 3: For UL LBT, only one symbol in an UL subframe is used for CCA.
In category 4 UL LBT, to support multiplexing of multiple UEs in one subframe, the common backoff counter should be generated by the scheduled UEs and self-defer can be applied additionally to align the UL transmission with the subframe boundary. In this case, the CW window size is maintained at the eNB side and the backoff counter can also be generated at the eNB and then signaled to UE, such that efficiency UE multiplexing in a same subframe can be achieved. 
 Proposal 4: If the LBT category 4 is to be supported for LAA UL, the following should be considered

· The CW window size is maintained by the eNB

· The backoff counter is generated by the eNB and signaled to the UE 

The LAA UEs, if scheduled to transmit PUSCH on the LAA Scell, shall perform LBT with one of the LBT categories discussed below. However, if the LBT cannot succeed until the scheduled UL subframe boundary, the UE could either discard the PUSCH transmission or continues LBT procedure until the next UL subframe boundary. For the latter case, the UE transmission deferred from subframe n to n+1 may collided with the another UE that is already scheduled in subframe n+1 with the same resource. eNB is also required to perform PUSCH blind detection since it cannot track the LBT procedure at the UE side. Therefore the former case is preferred. 

Proposal 5: For LAA UL transmission, the scheduled PUSCH on subframe n shall be discarded by the UE if the corresponding LBT procedure cannot succeed before the subframe boundary of n.
2.2 Usage of Cat.2 or Cat.4
For UL LAA, the cat.2 scheme is more aggressive in channel access than the cat.4 scheme, since the channel access point is common for such two LBT categories, but cat.4 requires long channel detection duration over cat.2. Therefore, it is necessary to indentify usage scenarios for cat.2 and cat.4 and details can be discussed as follows.
· UL channel access within the MCOT of eNB 

As discussed in [5], similar to WIFI TXOP sharing, eLAA should support UL transmission within an MCOT acquired by eNB. Within the MCOT of eNB, UE shall access the channel with LBT cat.2 scheme for both self-carrier and cross-carrier scheduling cases.

Proposal 6: Within the MCOT of eNB, UE shall access the channel with LBT cat.2 scheme for both self-carrier and cross-carrier scheduling cases.

· UL channel access out of the MCOT of eNB
UL transmission out of the MCOT of eNB should be regarded as a new MCOT, following UL channel access alternatives based on LBTcat.2 or cat.4 schemes should be considered.

· Alt.1: If a new UL MCOT is acquired with LBT cat.4 scheme, within the MCOT, UEs can use LBT cat.2 mechanism to access channel at CCA gap allocated by eNB for multi-user multiplexing purpose. 
· Alt.2: Both LBT cat.2 and cat.4 can be supported for achieving a new MCOT and MCOT values are determined by corresponding LBT priority class. As discussed before, if MCOT value for cat.2is smaller than cat.4, fair channel access ability between LBTcat.2 and LBT cat.4 can be guaranteed.
· Alt.3: For self carrier scheduling scenario, as the LBT cat.4 procedure has been performed before the eNB accessing channel, UEs can obtain the new MCOT using LBT cat.2 or LBT cat.4 with CW=3. For cross carrier scheduling case, UE can achieve new MCOT using LBT cat.4 scheme with conservative LBT parameters.
According to alternatives discussed above, we propose that both LBT cat.2 and cat.4 should be supported for acquiring a new UL MCOT which is function of LBT priority class; If a new UL MCOT is obtained with LBT cat.4 scheme, within the obtained MCOT, UEs can use LBT cat.2 mechanism to access channel in an CCA gap.
Proposal 7: Both LBT cat.2 and cat.4 should be supported for acquiring a new UL MCOT which is function of LBT priority class. The LBT category for a PUSCH transmission is indicated by UL grant. 

Proposal 8: If a new UL MCOT is obtained with LBT cat.4 scheme, within the obtained MCOT, UEs can use LBT cat.2 mechanism to access channel in a CCA gap.
· UL grants without PDSCH for self-scheduled UL
For UL grants only transmission on unlicensed carrier, both cat.2 and cat.4 LBT schemes should be considered. If eNB uses DL LBT cat.4 to gain channel access, UE should perform 25us cat.2 LBT to obtain a UL MCOT corresponding to LBT priority of UL grants. As UL grant is a type of control signaling, so similar to Rel-13 LAA DRS, a higher priority class i.e. a 25us cat.2 LBT can also be adopted for self-scheduled UL grants only transmission. In case of usage of LBT cat.2, UE can use LBT cat.4 or LBT cat.2 to gain medium access for UL transmission and obey the corresponding UL MCOT according to LBT priority adopted by the UE.
Proposal 9: For UL grants only transmission on unlicensed carrier, both cat.2 and cat.4 LBT schemes should be considered possibly with different MCOTs. 
· QoS of UL traffic 
Since eNB cannot exactly know which traffic type will be transmitted by UEs and the corresponding traffic amount, QoS of UL traffic should be independent of LBT priority used by eNB to transmit a DL subframe containing the UL grant. Otherwise, when the UE is scheduled but UL transmission is not allowed due to the restriction on the UL QoS typle, which will lead to the waste of resource. 
Proposal 10: QoS of UL traffic should be independent of LBT priority used by eNB to transmit a DL subframe containing the UL grant.
3 Conclusion
In this contribution, we discuss UL channel access scheme for LAA. The above discussion is summarized with following observations and proposals:
Proposal 1: UL LBT based on LBT cat.2 can be used for UL traffic with higher latency requirements.
Proposal 2: For UL LBT based on cat.4, only the minimum CWS=3 should be used at least for self-carrier scheduling scenario.
Proposal 3: For UL LBT, only one symbol in an UL subframe is used for CCA.
Proposal 4: If the LBT category 4 is to be supported for LAA UL, the following should be considered

· The CW window size is maintained by the eNB

· The backoff counter is generated by the eNB and signaled to the UE 

Proposal 5: For LAA UL transmission, the scheduled PUSCH on subframe n shall be discarded by the UE if the corresponding LBT procedure cannot succeed before the subframe boundary of n.
Proposal 6: Within the MCOT of eNB, UE shall access the channel with LBT cat.2 scheme for both self-carrier and cross-carrier scheduling cases.

Proposal 7: Both LBT cat.2 and cat.4 should be supported for acquiring a new UL MCOT which is function of LBT priority class. The LBT category for a PUSCH transmission is indicated by UL grant. 

Proposal 8: If a new UL MCOT is obtained with LBT cat.4 scheme, within the obtained MCOT, UEs can use LBT cat.2 mechanism to access channel in a CCA gap.

Proposal 9: For UL grants only transmission on unlicensed carrier, both cat.2 and cat.4 LBT schemes should be considered possibly with different MCOTs. 
Proposal 10: QoS of UL traffic should be independent of LBT priority used by eNB to transmit a DL subframe containing the UL grant.
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