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1 Introduction
The objective of Rel-14 enhanced LAA work item is to specify UL support for LAA SCell operation in unlicensed spectrum [1]. The specification work shall be based on extending the LTE design and in particular the LAA design. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems. Coexistence measures should still allow efficient operation of all coexisting technologies. This shall be ensured by following the recommendations and conclusions from the TR on LAA and continuing to consider coexistence for the specification work [2]. To allow for an efficient design, the enhancements should reuse the features of LTE as much as possible. Forward compatibility should be taken into account so that support for dual connectivity can be specified without significant changes to the design. Duplication of work done in other LTE work items should be avoided.
The detailed objectives of the work item are to specify support for the following functionalities:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]

· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]

According to [3], the following agreement during e-mail discussion can be considered as a starting point for UL LBT design:
Agreement:

· For self-carrier scheduling, the following UL LBT candidate procedures should be considered

· A CCA duration of at least 25 us before the transmission burst

· The sensing duration in a CCA slot can be less than the CCA slot 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 chosen from X={3, 4, 5, 6, 7},

· FFS: The random backoff counter is generated at the eNB and is signaled to the UE

· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 

· 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: Energy detection threshold used for UL LBT

Agreement:

· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst.

· FFS: Whether and under what conditions the following option may be used.

· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts

Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).

Agreement:
· For cross-carrier scheduling, when an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 

· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported
· A CCA duration of at least 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, 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL

· FFS: Energy detection threshold used for UL LBT

In this contribution, we focus on the channel access mechanism for LAA SCell uplink transmission and present our views.
2 LBT for UL access
In current LTE framework, UL transmission is based on the eNB scheduling, i.e., UE behavior on any UL transmission is completely controlled by eNB in order to avoid possible intra-cell interference. For operation on unlicensed spectrum, current LTE framework should be kept in the LAA WI phase. That is to say, UE’s UL transmission on LAA SCell is also based on serving eNB scheduling. 

In LAA SI phase, there have been discussions on whether UE needs to perform LBT before uplink transmission. Two alternatives have been proposed, Alt 1: eNB performs LBT for UE UL transmission; Alt 2: UE performs LBT for UL transmission. 
· For Alt 1, eNB performs CCA check then transmits UL grant signaling to UE if the channel is available. In the meantime, eNB needs to occupy the channel until the UE starts its uplink transmissions on the same channel. In this procedure, UE does not perform LBT before uplink transmission and it requires the UL transmission burst follows the DL transmission burst with a gap of at most 16us between the two bursts. It is no doubt that this requirement leads to high UE implementation complexity due to the more stringent downlink-to-uplink turn-around time. Additionally, this is against the regulatory requirements for LBT mechanisms. Moreover, since eNB has to occupy the channel by transmitting some kind of reservation signals until UE starts its UL transmission even if there is no DL data that needs to be delivered, it leads to low spectrum utilization and performance loss for other LAA or wireless systems which are competing for the unlicensed channel. Moreover, considering the possible existence of hidden nodes, the CCA check results at eNB side may not reflect the actual interference environment at UE side.

· For Alt 2, UE complies with LBT mechanism and performs LBT for UL transmission. In detail, upon reception of UL grant signaling, UE shall perform LBT before each UL transmission. If the channel is available, then UE starts its uplink transmission on the scheduled resource; otherwise, UE has to drop or suspend the UL transmission. In this sense, the UL grant signaling and the scheduled UL resource are wasted in case the channel is not available. However, considering the unlicensed spectrum is shared by multiple wireless systems, the unoccupied resource in one cell may be utilized by neighboring LAA nodes or Wi-Fi nodes. From the perspective of system performance, the unoccupied resource due to failed LBT is not wasted.
Based on the above analysis, we have the following proposal.

Proposal 1: UE performs LBT before UL transmission on an unlicensed carrier.
Regarding the concrete channel access mechanism for uplink, basically, LBE (Load Base Equipment) may have a higher channel access probability compared to FBE (Frame Base Equipment) because LBE allows CCA check at any time when the UE has data to transmit. For FBE, the main advantage is that it has clear frame timing and subframe timing, which can simplify UE behaviors on UL transmission over unlicensed spectrum. Especially, FBE can support 1ms to 10ms Frame Period so that frame based equipment with a 10ms frame structure can suit well within the LTE framework and frame based equipment with a 1ms frame structure can allow LBT in each subframe. 
Moreover, FBE mechanism can avoid inter-UE blocking and enable UL multiplexing of multiple UEs in one subframe by FDMA or MU-MIMO, by means of synchronizing UEs’ transmission from the first uplink subframe within each Frame Period. 

Based on the above analysis, we have below proposals.

Proposal 2: FBE is supported for LAA UL as channel access mechanism.
When considering LBT Cat.4 for LAA uplink channel access mechanism, the contention window size should be determined first. The UL maximum contention window size should be smaller than that for LBT Cat.4 for DL transmission. Moreover, UL transmission should align with the symbol boundary and avoid fractional symbols in order not to increase UE implementation complexity. Considering the time spent on competing the channel should not introduce too much overhead for UL PUSCH transmission, the maximum contention window size should be set to a suitable value which allows the corresponding ECCA procedure to complete in one symbol duration.
On the other hand, it was agreed to define multiple priority classes for different traffic types in [6]. For the LBT priority classes 1 to 4, LAA supports the LBT parameter values shown in the table below, wherein, LBT priority class 3 is mainly used for best effort traffic. Assuming the parameters of LBT priority class 3 is also used for UL LBT for best effort traffic, when the CWS is set to 3, the total competing time is equal to (16+9*3)+9*3=70us.  In that sense, the maximum contention window size should be set to 3. This ensures that ECCA can be completed within one SC-FDMA symbol.
Table 1: LBT priority class in Rel-13 LAA
	LBT priority class
	CWmin
	CWmax
	n
	MCOT
	Set of CW sizes

	1
	3
	7
	1
	2ms
	{3,7}

	2
	7
	15
	1
	3ms
	{7,15}

	3
	15
	63
	3
	10 or 8 ms
	{15,31,63}

	4
	15
	1023
	7
	10 or 8 ms
	{15,31,63,127,255,511,1023}


Based on the above analysis, we have below proposals.

Proposal 3: If LBT Cat. 4 is supported for PUSCH on an unlicensed carrier, defining contention window size and LBT priority class for LAA UL transmission should guarantee the ECCA procedure can be completed within one SC-FDMA symbol duration.
Regarding the duration for UE to compete for the channel in LAA SCell, it is better to limit the duration to the last symbol before the scheduled uplink subframe. For example, upon the reception of UL grant signaling in subframe n in case of either self-scheduling mode or cross-carrier scheduling mode, UE shall perform LBT Cat.4 in the last symbol of subframe n+3 and transmit PUSCH in subframe n+4 if LBT is successful within one symbol duration (i.e., the generated backoff counter randomly selected from the contention window has been counted down to zero before the end of the last symbol in subframe n+3) or drop PUSCH in subframe n+4 if LBT is failed within one symbol duration (i.e., the generated backoff counter randomly selected from the contention window has not been counted down to zero before the end of last symbol in subframe n+3 or the initial CCA is failed). 
Based on the above analysis, we have below proposals.

Proposal 4: If LBT Cat. 4 is supported for PUSCH on an unlicensed carrier, the LBT Cat. 4 is performed in the last symbol before the scheduled uplink subframe.
3 Conclusion

In this contribution, we focus on the channel access mechanism for LAA SCell uplink transmission and present our views. Based on the above analysis in Section 2, we have below proposals:
Proposal 1: UE performs LBT before UL transmission on an unlicensed carrier.
Proposal 2: FBE is supported for LAA UL as channel access mechanism.
Proposal 3: If LBT Cat. 4 is supported, defining contention window size and LBT priority class for LAA UL transmission should guarantee the ECCA procedure can be completed within one SC-FDMA symbol duration.
Proposal 4: If LBT Cat. 4 is supported for PUSCH on an unlicensed carrier, the LBT Cat. 4 is performed in the last symbol before the scheduled uplink subframe.
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