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1 Introduction
[bookmark: _GoBack]In 3GPP RAN1#95 meeting, RAN1 has agreed to support LBT Category 4 (or alternatively Category 2) for UE-initiated COT. For Cat. 4 LBT, UE needs to determine the Channel Access Priority Class (CAPC) for every transmission. Recently, it is mentioned in 3GPP 38.889 [1] that for LBT category 4, UE will always use lowest priority class value (i.e. highest priority) CAPC for uplink channel access. 

 
	Table 7.2.1.3.1-4: Channel access schemes for initiating a COT by UE as LBE device
	
	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.





However, not all RACH or PUCCH needs to be transmitted highest priority. In this contribution, we introduce suitable CAPC determination mechanisms for Random Access Channels (RACH) and uplink control channels (PUCCH) over NR-U. We also provide a TP for 38.331 [2] on IE used for RACH prioritization and request to send a LS to RAN1 for consideration.

2 CAPC for RACH in NR-U

In this section we will first design an approach to determine the CAPC for RACH and subsequently estimate the CAPC of the PUCCH. 3GPP 38.321 [3] standards have introduced differentiated Random Access (RA) procedure, with two major priority classes:
1. High Priority RA: RA initiated for 
a) Beam failure recovery 
b) Handover

2. Low Priority RA: RA initiated for all other reasons
a) Initial Access 
b) Timing Alignment (Out of Sync UE) 
c) RRC Reconfiguration etc.

High priority random access procedure could be identified by configuring power ramping priority and the back off parameters, associated with the random access process. Following the standard guidelines, we can argue that RACH over an unlicensed carrier (in NR-U) could be of two major types: 
1. High priority – triggered by beam failure recovery or handover
2. Low priority – triggered by initial access, timing alignment, RRC reconfiguration

Observation 1: Random Access over NR is classified into two major types: (1) High Priority (beam failure recovery, handover) and (2) low priority (initial access, timing alignment, RRC reconfiguration).

Based on this observation we propose that CAPC for RACH messages in NR-U should be based on the purpose (reason) for RACH triggering. Subsequently, we propose to explore differentiated Random Access, mentioned in 3GPP 38.321 [5] for estimation of CAPC during Random Access in NR-U. High priority CAPC should be assigned for RACH triggered for beam failure recovery and handover. The CAPC for other reasons for RACH should be assigned with low priority. We assume a table, which maps RACH differentiation to different CAPC values. We assume that lower the CAPC, higher the priority.
· Such a table could be configured and signalled by RRC.
· Alternatively, it could be hardcoded and used in specifications

	Purpose for RACH
	CAPC (for RACH)

	Beam Failure Recovery
	1 (High Priority)

	Handover
	

	All other reasons for RACH 
	2 (Low Priority)


[bookmark: _Ref523830306]Table 1: CAPC Determination for RACH

Proposal 1: If Cat 4 LBT is used, CAPC for RACH message should be based on the purpose for RACH. High priority CAPC could be configured for Handover and/or Beam Failure Recovery. Low priority CAPC will be used for other use cases.

During the RACH process, Msg1 and Msg3 are sent by the UE. Thus, Msg1 and Msg3 should use the same CAPC values. On the other hand, Msg2 and Msg4 are sent by the network. Thus, the choice of CAPC for Msg2 and Msg4 should be left to the network implementation. Alternatively, the network could also be guided using the similar principles for estimating CAPC for Msg2 and Msg4. Ultimately, it is up to RAN-1 to make the final decision regarding CAPC of the RACH messages.
Proposal 2: Msg1 and Msg3 should use the same CAPC value. The choice of CAPC for Msg2 and Msg4 should be based on similar principles, but ultimately left to the network implementation.

The RA-Prioritization Information Element, used to configure prioritized random access in 38.331, will include this CAPC value.

3 CAPC Estimation for PUCCH in NR-U
Category 4 LBT requires determination of CAPC, where lower CAPC values reflect higher priority. We propose multiple options for estimating CAPC values corresponding to SR. We prefer UE to use UL Logical Channel Priorities to estimate the CAPC values, as UE has the up-to-date information about the uplink logical channels and SR triggering. If UL logical channel priorities or UL QCI are used, a table mapping the UL LCP priorities or UL QCI to CAPC need to be configured and signalled by RRC. Alternatively, the table could be hardcoded and used in specifications

Proposal 3: If Cat 4 LBT is used, UE can map UL Logical channel priority values to CAPC for SR. 

If DL HARQ decoding fails, the UE could not have any information about the DL LCP values. Thus, UE could be unable to use the DL LCP values for determining the UL CAPC for HARQ Ack/Nack transmissions. Hence, considering the time constraints of small HARQ Ack/Nack messages, we propose to use the highest priority CAPC (CAPC = 1) for HARQ Ack/Nack transmission. On the other hand, the CSI messages are relatively bigger and does not have time constraints. Hence, we propose the network (gNB) to configure the CAPC for CSI messages.

Proposal 4: HARQ Ack/Nack in PUCCH is assigned with CAPC 1 (the highest priority). The network should configure the CAPC for CSI in PUCCH. 

3.1 Extension over PUCCH Carrying Multiple Information
As mentioned in 3GPP 38.213 [4], PUCCH can also carry a combination SR, HARQ Ack/Nack and CSI. In that case, CAPC corresponding having most strict requirements could be used, i.e. CAPCPUCCH = min (Ci). However, the final decision if left to RAN2 and RAN1 for estimating and agreeing on how to determine CAPC for a PUCCH carrying a combination of SR, HARQ Ack/Nack and CSI.
Proposal 5: For PUCCH carrying multiple information, the CAPC corresponding to the highest priority among all components PUCCH should be used. 

Proposal 6: If Proposal 1 is agreed then include the TP in Annex for 38.331 and send an LS to RAN1 requesting them to update the specification.

4 Conclusions
In this contribution, we first pointed out the necessity of a suitable LBT and CAPC procedure for PUCCH in NR-U. Subsequently, we proposed some solutions for LBT process and CAPC estimation methods for PUCCH in NR-U. Our observations are proposal are summarized below.

Observation 1: Random Access over NR is classified into two major types: (1) High Priority (beam failure recovery, handover) and (2) low priority (initial access, timing alignment, RRC reconfiguration).
Proposal 1: If Cat 4 LBT is used, CAPC for RACH message should be based on the purpose for RACH. High priority CAPC could be configured for Handover and/or Beam Failure Recovery. Low priority CAPC will be used for other use cases.

Proposal 2: Msg1 and Msg3 should use the same CAPC value. The choice of CAPC for Msg2 and Msg4 should be based on similar principles, but ultimately left to the network implementation.
	
Proposal 3: If Cat 4 LBT is used, UE can map UL Logical channel priority values to CAPC for SR, as UE has the most updated information about the logical channels related to SR triggering.

Proposal 4: If Cat 4 LBT is used, HARQ Ack/Nack in PUCCH is assigned with CAPC 1 (the highest priority). The network should configure low priority CAPC for CSI in PUCCH.
Proposal 5: If Cat 4 LBT is used, for PUCCH carrying multiple information, the CAPC corresponding to the highest priority among all components PUCCH should be used. 

Proposal 6: If Proposal 1 is agreed then include the TP in Annex for 38.331 and send an LS to RAN1 requesting them to update the specification. 

Annex – Text Proposal for 38.331 
The IE RA-Prioritization is used to configure prioritized random access.
RA-Prioritization information element
-- ASN1START
-- TAG-RA-PRIORITIZATION-START

RA-Prioritization ::=           SEQUENCE {
    powerRampingStepHighPriority        ENUMERATED {dB0, dB2, dB4, dB6},
    scalingFactorBI                 ENUMERATED {zero, dot25, dot5, dot75},                               
	channelAccessPriority							ENUMERATED {one, two, three} 	OPTIONAL,   -- Need R
    ...
}
-- TAG-RA-PRIORITIZATION-STOP
-- ASN1STOP
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