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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 our views on suitable LBT mechanisms for Random Access over NR-U, and propose to a TP in the Annex. 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) [2], 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. 3GPP Release 14 [3] 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 NR-U, UE and gNB needs to perform LBT and CAPC for transmission over control channels and random access channels (RACH). Thus, suitable LBT mechanism needs to be performed for random access in NR-U.

Observation 1: Suitable LBT mechanism 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.   

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
LBT is majorly categorized into two types: (1) type 1 (category 4) and (2) type 2 (category 2). According to 3GPP 37.213 [3], while type 1 (category 4) LBT involves a random back-off with a variable size contention window, type 2 (category 2) is basically a LBT without any random back-off. 3GPP 36.889 [4] also mentions that type category 4 LBT scheme is designed to ensure fairness with Wi-Fi. On the other hand, category 2 LBT is generally used for short messages, like DRS. As Random Access involves large messages, category 4 LBT is a natural choice for RACH messages. Note that, RACH message sizes is likely to increase further in 2-step RACH.

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

The Maximum Channel Occupancy Time (MCOT) [3] 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 [3] mention 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 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 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 [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 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.

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 5: 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. Ultimately it is up to RAN-1 to make the final decision regarding CAPC of the RACH messages.

4 Extension to 2-step RACH
[bookmark: _GoBack]In recent 3GPP RAN2 meetings there are multiple proposals and discussions on RACH for NR-U. 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 Msg1 and Msg3 in the first step and Msg2 and Msg4 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: Msg1 and Msg3 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.
Proposal 7: Agree to the TP in Annex for TR 38.889. 


Annex – Text Proposal for TR 38.889 v0.2.0
A TP based on the above agreements is as follows:
7.2.2.2.1 RACH 

RAN-2 expects NR-U will use category 4 LBT for RACH messages. Channel Access Priority Class (CAPC) will be chosen based on the purpose of RACH.
Due to large size of the RACH messages, NR-U will use category 4 LBT for RACH messages. Channel Access Priority Class (CAPC), corresponding to category 4 LBT will be estimated based on the purpose of the RACH. High priority CAPC should be chosen for Handover and Beam Failure Recovery and low priority for other use cases. Msg1 and Msg3 can use the same CAPC value. The choice of CAPC for Msg2 and Msg4 will be based on similar principles. The same LBT and CAPC determination will be extended to be applied over 2-step RACH in NR-U.
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