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Introduction
Following the recently concluded study item on the feasibility of using NR in unlicensed band, the NR-U WI is in progress in RAN1 [1]. In TR 38.889, several aspects of channel access were left for finalization when specifications are developed [2]. In this contribution, we discuss the applicability of an LBT scheme other than Cat 4 LBT for control messages related to initial/random access, mobility, paging, reference signals only, PDCCH-only transmissions, UCI-only transmissions, and random access.

NR-U Channel Access

DL control transmissions
TR 38.889 contains the following DL channel access rules for DRS with and without unicast PDSCH, PDCCH, and PDSCH in a gNB-initiated COT. 
Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device [2]
	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


Note: Applicability of an LBT scheme other than Cat 4 LBT for control messages related to initial/random access, mobility, paging, reference signals only, and PDCCH-only transmissions, e.g. "RACH message 4", handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. Further details related to exceptions in this note can be determined when specifications are developed.
Cat 2 LBT is applicable for DRS transmissions with duty cycle ≤1/20, and the applicability of Cat 2 LBT for other cases remains to be determined as seen from the Note. 
Next, we list several examples of DL control message transmissions that may be transmitted without being multiplexed with unicast PDSCH for further discussion.
· Random access response: RAR PDCCH on DCI Format 1_0 is addressed to RA-RNTI for initial access while PDSCH carries the msg 2 MAC CE.
· RA message 4: The contention resolution PDCCH is addressed to TC-RNTI while PDSCH carries the contention resolution MAC CE.
· Msg B (Two-step RACH): Structure and RNTI is to be determined, but will include the equivalent contents of msg2 and msg4 [3].
· GC-PDCCH: DCI Format 2_0 scrambled with SFI-RNTI is used to transmit SFI information for N slots. This information is essential for UEs to determine the DL-UL composition of the COT.
· Short message paging: PDCCH-only paging with Short message indicator is addressed to P-RNTI.
· Handover command: RRC reconfiguration message from target gNB relayed by source gNB.
· CSI-RS-only transmission: Transmission on configured CSI-RS resources to one or more UEs.

It is noted that RAR and paging messages can be multiplexed with DRS and transmitted with Cat-2 LBT under the restrictions in TR 38.889 Table 7.2.1.3.1-1; furthermore, msg 2 and msg 4 may be transmitted apart from initial access purposes (e.g., beam failure recovery request), and paging messages do not have a fixed duty cycle. CSI-RS-only transmissions may also be configured to occur very frequently. Standalone GC-PDCCH transmissions without accompanying unicast PDSCH or other DL control signaling (e.g., AUL DFI or UL grants) is expected to be a rare occurrence. Therefore, the applicability of Cat-2 LBT for standalone msg 2, msg 4, short message paging, GC-PDCCH, and CSI-RS transmissions is not well motivated. The case of msg B needs to be re-examined after it is defined more clearly.
On the other hand, handover-related signaling such as the handover command is not expected to be transmitted frequently due to the relatively long UE measurement and reporting process, combined with low mobility in typical NR-U small cell scenarios. The prompt transmission of HO commands is essential to mitigate RLF and allow the UE to be handed over to the target gNB in a timely manner. 
Proposal 1: Cat-2 LBT is applicable to handover command messages that are transmitted either alone or when multiplexed with DRS. 
UL control transmissions
TR 38.889 contains the following UL channel access rules for PUSCH, SRS, RACH, and PUCCH in a UE-initiated COT. 

Table 7.2.1.3.1-4: Channel access schemes for initiating a COT by UE as LBE device [2]
	
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	RACH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	PUCCH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value


Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of a channel access scheme other than Cat 4 for the following signals / channels have been discussed and details are to be determined when the specifications are developed:
-	UL control information including UCI only on PUSCH, e.g. HARQ-ACK, Scheduling Request, and Channel State Information
-	Random Access

[bookmark: _GoBack]Focusing on RA preamble (msg 1) transmissions, our prior contribution on UL channel access discussed how further prioritization of msg1 transmissions is beneficial, especially for the initial access procedure [4]. One important factor to consider is, how frequently a given UE can transmit msg1 during initial access. For Rel-15 NR, the time-domain recurrence of PRACH resources under preamble format A or B is roughly in line with the (no-LBT) Short Control Signaling duty cycle limit of 5% in the current version of EN BRAN 301 893. However, the 5% duty cycle allowance may be revised to a lower value in EN BRAN. Therefore, the applicability of Cat-2 LBT for the first preamble transmission by a UE is justifiable, as also seen from a coexistence simulation captured in the TR, where 20% of the UL transmissions are UL RACH transmissions with 25us LBT and an improvement in 47 of the 48 measured metrics was reported for the non-replaced Wi-Fi operator [5]. A more stringent duty cycle limit, for example 1%, can be met by restricting Cat-2 LBT to only the first preamble transmission and using Cat-4 LBT for any retransmissions, since only one random access procedure can be in effect at a given time per UE.
Proposal 2: Cat-2 LBT is applicable for the first attempt of RA preamble-only transmissions. If preamble transmission counter is incremented, subsequent msg1 re-transmissions adopt Cat-4 LBT.

Summary
In this contribution we examined channel access for control transmissions. The following proposals ensued.
Proposal 1: Cat-2 LBT is applicable to handover command messages that are transmitted either alone or when multiplexed with DRS. 
Proposal 2: Cat-2 LBT is applicable for the first attempt of RA preamble-only transmissions. If preamble transmission counter is incremented, subsequent msg1 re-transmissions adopt Cat-4 LBT.

Reference
[1] RP-182878, New WID on NR-based Access to Unlicensed Spectrum, RAN#82
[2] [bookmark: _Ref534795942]TR 38.889 v16.0.0, Study on NR-based access to unlicensed spectrum, (Release 16) 
[3] [bookmark: _Ref534980785]RP-182894, WID: 2-step RACH for NR
[4] [bookmark: _Ref535001524]R1-1811324, Channel access for UL channels and signals, Charter Communications
[5] [bookmark: _Ref535002213]R1-1814020, Channel access mechanisms for NR-U”, Ericsson, RAN1#95



