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1 Introduction
In RAN1#84 meeting, regarding the channel access mechanism for uplink transmission on LAA SCell, following agreements are made in [1]:
Agreements:
· 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 RAN1#84bis meeting, for the channel access mechanisms for LAA uplink transmission, further agreements are made in [2]:

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
In this contribution, we focus on the remaining issues of 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’s scheduling. 

As agreed in RAN1#84 meeting, LBT Cat.4 is supported for LAA uplink for channel access. For Cat.4 mechanism, the contention window size should be determined first. The maximum contention window size for UL should be smaller than that for LBT Cat.4 for DL transmission since LAA uplink is a scheduling-based transmission and UE shall not transmit any signal without serving eNB’s permission. 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 has already agreed to define multiple priority classes for different traffic types in [3]. For the defined 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 for DL LBT Cat.4
	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}


Proposal 1: If LBT Cat. 4 is used for PUSCH for channel access 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.
As LAA uplink supports UL multiplexing of multiple UEs in one subframe by FDM or MU-MIMO, in order to avoid inter-user blocking, those UEs scheduled in same subframe should synchronize their uplink transmission in the scheduled subframe, as shown in Figure 1. In case of LBT Cat.4 is used for PUSCH for channel access, assuming the first SC-FDMA symbol in the scheduled subframe is used for UE to perform LBT Cat.4, if the LBT procedure can be completed within this symbol with the consideration of DL-to-UL switching time, UE shall transmit PUSCH from the 2nd symbol. The problem is whether the UE can transmit the reservation signal to occupy the channel before actual PUSCH transmission in the second symbol. The pros/cons analysis on the reservation signal in uplink is given below:

· Pros: the reservation signal can be transmitted as soon as the LBT Cat.4 procedure is completed before the end of the 1st symbol. The benefit is UE can occupy the channel before PUSCH transmission so that it can avoid other system like Wi-Fi or other LAA nodes grab the channel.
· Cons: the reservation signal may lead to high UE implementation complexity. Specifically, the transmission on unlicensed carrier should comply with the regulation requirements. Even for uplink reservation signal transmission, it should satisfy the requirements, e.g., the occupied bandwidth is at least 80% of system bandwidth. Moreover, due to the ECCA procedure is completed in one-symbol duration, the reservation signal is definitely a fractional sequence. How to define this fractional sequence leads to extra effort for eLAA standardization. On the other hand, the reservation signal from one UE will block other UEs’ CCA for those UEs scheduled in same subframe so that only one UE can transmit in the scheduled subframe. This case should be avoided.
On the other hand, considering the already defined LBT priority class 3, even with the CWS set to 3, it shall take 70us to complete one LBT Cat.4 procedure. In that sense, almost one symbol has been spent for LBT Cat.4 channel access and UE can switch Rx to Tx after it finishes LBT. Hence, it is no need to transmit reservation signal. In the meantime, for uplink transmission on LAA SCell, without the support of reservation signal, if LBT Cat.4 procedure is completed before the start of PUSCH transmission, UE shall defer PUSCH transmission, i.e., UE continues CCA check till the start of PUSCH transmission.
Proposal 2: Reservation signal for uplink LAA is not supported.
Proposal 3: UE defers UL PUSCH transmission till the start of PUSCH transmission in case UE performs LBT Cat.4 and completes it before the start of PUSCH transmission.
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Figure 1: multi-UE multiplexing by FDM in one subframe
For multi-subframe scheduling, one UL grant can schedule several consecutive uplink subframe for one UE in order to save the signaling overhead and support burst transmission in uplink. To support multi-user and multi-subframe scheduling, several UEs may be scheduled together in several consecutive UL subframes. Still, those UEs should synchronize their CCA and UL transmission; otherwise, inter-user blocking may happen similar to single subframe scheduling. One example is shown in Figure 2. In the left figure, UE1 and UE2 are scheduled in four consecutive subframes. So both UEs perform LBT in the LBT gap, i.e., 1st symbol, and start their PUSCH transmission from the 2nd symbol of the first subframe to the end of the fourth subframe if both UEs have completed LBT procedure successfully in the 1st symbol. However, due to hidden node problem, both UEs may suffer different interference environments. In case only one UE has successful LBT in the LBT gap, then another UE with failed LBT shall have no opportunity to transmit PUSCH in the remaining three subframes because its CCA check is blocked by another UE’s PUSCH transmission. In that sense, UL performance shall be degraded. If we put LBT gap in each subframe for multi-subframe scheduling as the right figure in Figure 2, it shall provide extra opportunities for those UEs who fail LBT in the first several LBT gaps. However, such method brings some overhead in uplink and may lose the transmission opportunity in following subframes for those UEs already start UL transmission. Therefore, for multi-user and multi-subframe scheduling, the number of LBT gaps and the concrete position should be considered.
Proposal 4: For multi-subframe scheduling, the existence of LBT gap is explicitly indicated for each scheduled subframe in UL grant.
[image: image2.png]UE1 UL UE1 UL UE1 UL UE1 UL UE1 UL UE1 UL UE1 UL UE1 UL

UE2 UL UE2 UL UE2 UL UE2 UL UE2 UL UE2 UL UE2 UL UE2 UL





Figure 2: multi-UE multiplexing by FDM in case of multi-subframe scheduling
For LBT Cat.4, another issue is how to maintain or adjust the CWS for uplink transmission. As we know, in Rel-13 LAA downlink transmission, eNB maintains CWS and adjusts it based on HARQ-ACK feedback from the UE scheduled in the reference subframe. Now in Rel-14 eLAA, due to the uncertainty of LBT in unlicensed carriers, asynchronized HARQ is introduced for uplink transmission with the information bits like HARQ process ID and RV inserted in UL grant. So PHICH feedback is not available in LAA SCell and UE’s initial transmission or retransmission is triggered by one-bit NDI in UL grant. If NDI is toggled, that means previous PUSCH in same HARQ process is correctly decoded by eNB, so UE can interpret it as “ACK’; otherwise, UE can interpret it as “NACK”. With the self-defer for UL PUSCH transmission, the CWS can be maintained and adjusted at UE side.
Proposal 5: For LBT Cat.4 for UL channel access, the CWS is maintained and adjusted at UE side.
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: Reservation signal for uplink LAA is not supported.
Proposal 3: UE defers UL PUSCH transmission till the start of PUSCH transmission in case UE performs LBT Cat.4 and completes it before the start of PUSCH transmission.
Proposal 4: For multi-subframe scheduling, the existence of LBT gap is explicitly indicated for each scheduled subframe in UL grant.
Proposal 5: For LBT Cat.4 for UL channel access, the CWS is maintained and adjusted at UE side.
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