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Background
In NR-U SI phase channel access procedures for NR-U operation were vigorously discussed, and the outcomes were well summarized in TR38.889 [1].

In this contribution we present our views on channel access procedures for NR-U operation.
 
Discussions
Channel access schemes for control messages
OSI and paging included in NR-U DRS 
OSI and regular paging can be included in DRS burst. If they are carried in a DRS burst, the corresponding LBT should follow DRS LBT procedure.

OSI and paging not included in NR-U DRS 
If they are not carried in a DRS burst, their transmission procedure is the same as for unicast PDSCH transmission. Therefore, their LBT schemes should also follow the LBT procedures for unicast PDSCH/PDCCH.

Short message paging 
Short message paging is targeting to connected UEs, which should monitor unicast PDCCHs anyway. Basically, the short message paging is multiplexed with unicast PDCCHs. Therefore, the LBT scheme for the short message paging can be the same as for unicast PDCCH.

RACH Msg2 and Msg4 
Although search space type and RNTI are different, transmission procedures of RACH Msg2 and Msg4 are similar to unicast PDSCH transmission. Therefore, their LBT schemes should also follow the LBT procedures for unicast PDSCH/PDCCH.

Handover command 
From the Layer-1 point of view, handover command is not distinguished from the regular unicast data. Therefore, it should follow the unicast data transmission procedure.

Aperiodic CSI-RS only transmission 
Aperiodic CSI-RS transmission is triggered by a PDCCH transmission. If the LBT for CSI-RS transmission is done separately from the LBT for the triggering PDCCH, there is a possibility that the gNB transmits the triggering PDCCH but cannot transmit the triggered CSI-RS due to LBT failure. This is problematic, as the UE may report outrageous CSI measurement results. Therefore, it is preferable that aperiodic CSI-RS is triggered only when the gNB has a channel access already. For a self-scheduling case, a PDCCH and the CSI-RS triggered by the PDCCH should be transmitted in the same transmission burst without any gap in between. In this instance the LBT should be the same as for the regular PDCCH/PDSCH transmissions. For a cross-carrier-scheduling case, the gNB should get a channel access and start sending a transmission burst at the scheduled cell first, and then the PDCCH which triggers a CSI-RS within the ongoing transmission burst in the scheduled cell can be transmitted in a scheduling cell.

GC-PDCCH for indicating SFI 
GC-PDCCH transmission is configured through UE-specific configuration. At least before RRC connection establishment, broadcast information has to be able to be acquired without dynamic SFI indication at a UE side. In other words, the dynamic SFI is transmitted only when unicast DL and/or UL transmissions would happen. Therefore, the dynamic SFI is normally transmitted with downlink unicast PDCCHs/PDSCHs and/or unicast UL grant PDCCHs. Another possible roll of GC-PDCCH for SFI may be, like LAA CC-PDCCH does, to initiate a downlink COT for following uplink transmissions. Therefore, the LBT scheme should be the same as for the unicast PDCCH.

GC-PDCCH for the other purpose (e.g. pre-emption, group TPC)
In terms of LBT scheme there is no need to differentiate GC-PDCCH from unicast PDCCH.

Table 1: Channel access schemes for initiating a COT by gNB as LBE device
	Control message type
	LBT scheme
	Remarks

	OSI (included in DRS)
	Cat 2/4 LBT
	Follow DRS LBT procedure

	OSI (not included in DRS)
	Cat 4 LBT
	Same LBT as unicast PDSCH/PDCCH

	Paging (included in DRS)
	Cat 2/4 LBT
	Follow DRS LBT procedure

	Paging (not included in DRS)
	Cat 4 LBT
	Same LBT as unicast PDSCH/PDCCH

	Short message paging
	Cat 4 LBT
	Same LBT as unicast PDCCH

	RACH Msg 2
	Cat 4 LBT
	Same LBT as unicast PDSCH/PDCCH

	RACH Msg 4
	Cat 4 LBT
	Same LBT as unicast PDSCH/PDCCH

	Handover command
	Cat 4 LBT
	Same LBT as unicast PDSCH/PDCCH

	Aperiodic CSI-RS transmission
	Cat 4 LBT
	Same LBT as unicast PDSCH/PDCCH

	GC-PDCCH for SFI
	Cat 4 LBT
	Same LBT as unicast PDCCH

	The other PDCCH only transmissions (e.g. pre-emption, group TPC)
	Cat 4 LBT
	Same LBT as unicast PDCCH



Proposal 1: 
· Channel access schemes for control messages, except for the one carried in NR-U DRS burst, should follow that for unicast PDCCH/PDSCH.

CWS update
Given that nodes perform Cat-4 LBT, collisions happen only when random backoff counters set to a same value accidentally between more than one node. Hence transmissions start at the same timing in those nodes. On the other hand, transmission burst lengths are different between the nodes. Some node may transmit a very short transmission burst. This causes that, when a collision occurs, colliding transmission bursts always overlap at the beginning of the bursts but may not overlap at the latter parts.
In LAA downlink transmission possible starting positions are basically the start of the first slot or the start of the second slot. CWS update procedure refers to the first subframe of a transmission burst if an initial partial subframe is not used, or both an initial partial subframe and the following full subframe if the initial partial subframe is used.
NR downlink transmission can have much more flexibility in terms of possible starting positions within a slot. Thus, even within a same slot, collisions may not happen unless the starting symbols are the same. In addition, the time unit in which a single transport block is transmitted also has flexible length, unlike LAA in which the time unit is always subframe. 
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Figure 1: Collision case A
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Figure 2: Collision case B

Figure 1 and 2 shows examples of collisions. For Node #1 in Figure 1 case, a collision with Node #2 happens on the first PDCCH and the first PDSCH in a slot, but the second PDCCH and the second PDSCH in the same slot do not collide with any signal from Node #2. In Figure 2, PDSCH of Node #1 in the second slot does not collide with any signal from Node #2. However, actually the PDSCH in the second slot suffers from a collision with Node #2, because the PDCCH which schedules the PDSCH in the second slot is transmitted at the beginning of the first slot and collided with a signal from Node #2.

Observation 1: 
· Slot based reference for CWS update may not work well in NR-U.

Proposal 2: 
· Reference for CWS update needs to be investigated, taking into consideration of multiple PDSCHs within a slot, cross-slot scheduling, etc.

Conclusion
In this contribution we present our views on channel access procedures for NR-U operation, and we make the following proposals and observations:

Proposal 1: 
· Channel access schemes for control messages, except for the one carried in NR-U DRS burst, should follow that for unicast PDCCH/PDSCH.

Observation 1: 
· Slot based reference for CWS update may not work well in NR-U.

Proposal 2: 
· Reference for CWS update needs to be investigated, taking into consideration of multiple PDSCHs within a slot, cross-slot scheduling, etc.
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