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1 Introduction
After standardization of LTE-LAA, eLAA and feLAA, 3GPP is now discussing to support New Radio over Unlicensed (NR-U) frequency bands. As unlicensed frequencies are also be used by other networks, like WiFi, both gNB and UEs in NR-U need to perform Listen-Before-Talk (LBT) for every transmission. Subsequently, some form of Channel Access Priority Class (CAPC) also needs to be determined for every transmission. While there has been proposals for LBT and CAPC for user plane (UL and DL) data transmission, LBT and CAPC for Random Access and Control Plane is not yet discussed and resolved.

In this contribution, we introduce suitable LBT mechanisms and methods for determining CAPC for Random Access over NR-U. For LBT and CAPC for PUCCH please refer to [1].
2 Random Access in NR-U
In existing 4-step contention-based random access (CBRA) [1], UE first transmits the preamble RACH (msg.1 or PRACH) and gNB responds with random access response (msg.2 or RAR) within the pre-defined RAR window. Subsequently, UE transmits msg.3 (UE identification message) and gNB responds with msg.4 (contention resolution). Alternatively in contention-free random access (CFRA), the gNB first explicitly assigns the RACH Preamble (PRACH) to the UE before UE sends the msg.1 in the uplink. 
Random access in NR is typically triggered by the following reasons: (i) Initial access from RRC_IDLE (ii) RRC connection re-establishment procedure (iii) handover (iv) Beam Failure recovery (v) DL data arrival during RRC_CONNECTED, when UL synchronisation status is “non-synchronised” (vi) UL data arrival during RRC_CONNECTED, when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available. Out of these major reasons, handover and DL data arrival during RRC_CONNECTED, when UL synchronisation status is “non-synchronised” are categorized as network-initiated RACH, while others are categorized as UE-initiated RACH.
3GPP Release 14 [2] has already defined priority classes in the uplink data transmission considering two major reasons:
· Provide QoS differentiation in the uplink (similar to IEEE 802.11)
· Possibly meet regulatory requirements from ETSI/BRAN

In uplink, UE needs to determine the CAPC for uplink data transport blocks. Uplink data transmission in NR-U is expected to follow a similar approach to determine the uplink CAPC. However, in NR-U, UE and gNB also needs to perform LBT and CAPC for transmission over control channels and random access channels (RACH). Thus, suitable LBT mechanism and efficient CAPC determination needs to be performed for random access in NR-U.

Observation 1: Suitable LBT mechanism and CAPC determination needs to be performed for efficient random access in NR-U.

Based on this observation, we would like to introduce suitable LBT mechanisms and methods for determining CAPC for Random Access over NR-U.   
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[bookmark: _Ref524095146]Figure 1: Message flow diagram of contention-based and contention free random access

3 LBT and CAPC for Random Access

We first design an approach to determine the LBT type for RACH and subsequently estimate the CAPC of the RACH. 

3.1 LBT for RACH in NR-U
[bookmark: _GoBack]As mentioned in 3GPP 36.889 [3], listen-before-talk (LBT) procedure is defined as a mechanism by which an equipment applies a clear channel assessment (CCA) check before using the channel. While LBT for DL and UL data transmission are largely discussed in 3GPP 37.213 [2], LBT for UL control and random access is not discussed. Thus, we observe that there is an impending need for suitable selection of LBT for different messages involved in the random access process. Category 4 LBT scheme is expected to provide contention resolution for large-size RACH messages, while providing fairness to WiFi stations [4]. The message size seems to further increase in 2-step RACH. Thus, in NR-U RACH, category 4 LBT is a natural choice for random access messages, prone to collisions. 
Proposal 1: Category 4 LBT is the baseline for all RACH message transmissions. 

The Maximum Channel Occupancy Time (MCOT) [2] defines the maximum time allowed to share the channel among an access point and the served nodes, and is specified in certain regional regulation. 3GPP LAA standards [2] have recommended different MCOT values for different CAPC of LBT category 4.  We believe that NR-U should use the same four CAPC values. However, the final details of the LBT parameters should be decided by RAN 1.
Proposal 2: NR-U uses four CAPC similar to LAA. RAN2 assumes that the final details of the LBT parameters (e.g. MCOT) should be decided by RAN 1.

3.2 CAPC Estimation for RACH in NR-U
3GPP 38.321 standards [1] has 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 2: 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 [1] 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 3: CAPC for RACH message should be based on the purpose for RACH.

Proposal 4: High priority CAPC should be chosen for Handover and Beam Failure Recovery and low priority for other use cases.

As shown in Figure 1, during the RACH process, msg.1 and msg.3 are sent by the UE. Thus, msg.1 and msg.3 should use the same CAPC values. On the other hand, msg. 2 and msg. 4 are sent by the network. Thus, the choice of CAPC for msg. 2 and msg. 4 should be left to the network implementation. Alternatively, the network could also be guided using the similar principles for estimating CAPC for msg. 2 and msg. 4.

Proposal 5: Msg. 1 and msg. 3 should use the same CAPC value. The choice of CAPC for msg. 2 and msg. 4 should be based on similar principles, but ultimately left to the network implementation.  

4 Extension to 2-step RACH
In recent 3GPP RAN2 meetings there are multiple proposals and discussions on RACH for NR-U. Many companies recommend a 2-step RACH [3] ~ [11], with configurable 2-step/4-step options and even possibility of fall-back to 4-step RACH from 2-step RACH. Naturally, if 2-step RACH is agreed upon, the LBT mechanism and CAPC determination should be extended to 2-step RACH as well.
As 2-step RACH is expected to combine msg.1 and msg.3 in the first step and msg.2 and msg.4 in the second step, it is expected that LBT category 4 should be used for uplink message in 2-step RACH in NR-U. The same CAPC estimation process, mentioned in Section 3.2 could also be used for 2-step RACH in NR-U.
Proposal 6: LBT mechanism and CAPC determination should be extended to be applied over 2-step RACH in NR-U.

5 Conclusions
In this contribution, we first pointed out the necessity of a suitable LBT and CAPC procedure for RACH in NR-U. Subsequently, we proposed some viable solutions for LBT process and CAPC estimation methods for RACH in NR-U. Our observations are proposal are summarized below.
Observation 1: Suitable LBT mechanism and CAPC determination needs to be performed for efficient random access in NR-U.

Proposal 1: Category 4 LBT is the baseline for all RACH message transmissions. 

Proposal 2: NR-U uses four CAPC similar to LAA. The final details of the LBT parameters (e.g. MCOT) should be decided by RAN 1.

Observation 2: 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 3: CAPC for RACH message should be based on the purpose for RACH.

Proposal 4: High priority CAPC should be chosen for Handover and Beam Failure Recovery and low priority for other use cases.

Proposal 5: Msg. 1 and msg. 3 should use the same CAPC value. The choice of CAPC for msg. 2 and msg. 4 should be based on similar principles, but ultimately left to the network implementation.  

Proposal 6: LBT mechanism and CAPC determination should be extended to be applied over 2-step RACH in NR-U.

6 References
[1]. [bookmark: _Ref524371036][bookmark: _Ref523866318]R2-1813679, LBT and CAPC for PUCCH in NR-U, MediaTek
[2]. 3GPP TS 38.304. Medium Access Control (MAC) protocol specification
[3]. [bookmark: _Ref523866360]3GPP TS 37.213. LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures, Release 15
[4]. [bookmark: _Ref524609511]3GPP TR 36.889, Technical Specification Group Radio Access Network; Study on Licensed-Assisted Access to Unlicensed Spectrum;
[5]. [bookmark: _Ref430611041][bookmark: _Ref523866558]R2-1811067. Two steps contention based RACH procedure for NR-U, Oppo
[6]. [bookmark: _Ref430685218]R2-1811791. RAN2 impacts of 2-step RACH, Vivo
[7]. R2-1811937. Two-step RACH procedure for NR-U, Huawei
[8]. R2-1811458. Random access in NR-Unlicensed, Inter Digital
[9]. R2-1811664. Considerations of 2-step CBRA for NR licensed and unlicensed operation, Intel
[10]. R2-1812342. 2-step CBRA procedure, MediaTek
[11]. R2-1812407. Details of RACH Procedure for NR-U, AT&T
[12]. R2-1812832. Considerations on 2-step contention based RA for NR-U SA 
[13]. [bookmark: _Ref523866563]R2-1811420. Considerations on Initial Access for NR_U.


image1.png
3 NE

Random Access Preambi

oo s resporse——| ()

[ scheduied Transmission——{

Contantion Resoltr





image2.png
ve one

(©) [e——RA Preamie sssonmant——

andom Acess reamlo——>| (D)

Random Access Respon





