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1 Introduction
During the e-mail discussion after RAN1#85 meeting, regarding the channel access mechanism for uplink transmission on LAA SCell, following agreements are made in [1]:
Agreement:
· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.

Agreement:
· UE is not expected to be signaled different LBT types for all consecutively scheduled subframes when there is no gap between the consecutive subframes. 

· FFS: 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.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, if LBT fails for a subframe in that set, the UE continues the LBT according to the signaled LBT type for the next subframe in the set.

Agreements:
· Rel-14 supports four LBT priority classes for UL transmissions as in the following table. 

· Note: CWmin, CWmax, n refer to the minimum CW, maximum CW and the number of consecutive CCA slots in the defer period, respectively.

· Note: the smaller the LBT priority class number, the higher the priority.

· FFS: additional set of LBT parameters for the LBT priority classes that can be chosen by the eNB

	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.


Agreement:
    The absence/presence on a long term basis (e.g. by level of regulation) of any other technology sharing the carrier is indicated by RRC signaling.
Agreements:
· Transmission on UL is allowed to start at the following times in a UL subframe
· Start of DFTS-OFDM symbol 0
· Start of DFTS-OFDM symbol 1

· 25 us after start of DFTS-OFDM symbol 0

· 25 us + TA value after start of DFTS-OFDM symbol 0  
Although there are a lot of agreements reached via e-mail discussion, still some open issues are left for further study, e.g., LBT options for SRS not immediately followed by PUSCH, contention window size adjustment for UL LBT Category 4, LBT scheme for continuously scheduled subframes and LBT related signaling aspects. In this contribution, we focus on the remaining issues of channel access mechanism for LAA SCell uplink transmission and present our views.
2 LBT details for UL access
As mentioned in Section 1, four LBT priority classes have been defined for LBT Cat.4 for LAA uplink channel access. Since LAA uplink is still a scheduling-based transmission, UE shall not transmit any signal without serving eNB’s permission. However, current parameters for contention window size and defer period length can not guarantee the completion of a LBT Cat.4 is aligned with a symbol boundary even for a subframe boundary. Hence, one problem is whether an UL transmission can get start as soon as a LBT Cat.4 procedure is successfully completed.

However, based on another agreement, transmission on UL is allowed to start at the following times in a UL subframe: start of symbol 0, start of symbol 1, 25 us after start of symbol 0 as well as 25 us + TA value after start of symbol 0, it is clear that this agreement is suitable for one shot LBT with minimum 25us CCA performed in Symbol 0 and not for LBT Cat.4. This is because the completion time for UL LBT Cat.4 can not be predicted. If LBT Cat.4 is completed within Symbol 1 of the scheduled uplink subframe, UL transmission starts from Symbol 2 has not been agreed. In that sense, UE has to suspend its uplink transmission and wait for another scheduling grant. Then the remaining 12 symbols are wasted. On the other hand, if UL transmission starts from Symbol 2 is agreed, then how to handle the case when the completion of LBT Cat.4 procedure happens within Symbol 2. Similar questions if LBT Cat.4 procedure is completed within Symbol 3, 4, … , etc. The more starting positions agreed for uplink transmission, the more TB size needed and higher complexity for eNB to detect. Therefore, the design for possible uplink transmission starting position needs to consider the unpredictable completion time for a LBT Cat.4 procedure. A tradeoff between resource waste and implementation complexity should be considered.
Proposal 1: The design for possible uplink transmission starting position needs to consider the unpredictable completion time for a LBT Cat.4 procedure.
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 either LBT Cat.4 or one-shot LBT with minimum 25us CCA check is used for PUSCH for channel access, assuming the first SC-FDMA symbol in the scheduled subframe is used for UE to perform LBT and UL transmission can start from the second symbol, i.e., Symbol 1, 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 quickly 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 and still performing LBT so that only one UE can transmit in the scheduled subframe. This case should be avoided.

Based on this, it is no need to transmit reservation signal in uplink. 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 allowed PUSCH transmission in case UE performs LBT Cat.4 and completes it before the allowed 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. Per current agreement in [1], when there is no gap between the consecutive scheduled subframes, only one LBT type can be indicated by eNB in UL grant. This is especially true because there is only one bit needed for indicating LBT type in UL grant for multi-subframe scheduling. 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. In that sense, eNB has to indicate same LBT type for the UEs scheduled in same subframes. In addition, there are still problems for multi-UE scheduling in a set of consecutive scheduled subframes without any gaps that are subject to LBT. 

One example is shown in Figure 2. In the left figure, UE1 and UE2 are scheduled in four consecutive subframes and there is no gap between the consecutive subframes. Assuming both UEs perform LBT in the LBT gap, e.g., 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. This may lead to problem if one UE fails the LBT and another one performs successfully. In case that happens, then the 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. Furthermore, it is difficult to set a suitable length for LBT Cat.4 with four different priority classes. Therefore, for multi-user and multi-subframe scheduling, the number of LBT gaps and the concrete position should be considered before eNB schedules.

Proposal 4: 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.

Proposal 5: For multi-user and multi-subframe scheduling, the number of LBT gaps and the concrete position should be considered before eNB schedules.
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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 6: 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 remaining issues of 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: The design for possible uplink transmission starting position needs to consider the unpredictable completion time for a LBT Cat.4 procedure.
Proposal 2: Reservation signal for uplink LAA is not supported.
Proposal 3: UE defers UL PUSCH transmission till the start of allowed PUSCH transmission in case UE performs LBT Cat.4 and completes it before the allowed start of PUSCH transmission.
Proposal 4: 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.

Proposal 5: For multi-user and multi-subframe scheduling, the number of LBT gaps and the concrete position should be considered before eNB schedules.
Proposal 6: For LBT Cat.4 for UL channel access, the CWS is maintained and adjusted at UE side.
References
[1] R1-166049, “RAN1 Agreements, Working Assumptions and Conclusions for Rel-14 Enhanced LAA,” Ericsson
[2] RAN1#85 chairman’s notes

[3] RAN1#84bis chairman’s notes
[4] RAN1 chairman’s notes in RAN1#83 meeting

























































