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1. Introduction
The following agreements were made so far for 2-step RACH:
· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.
· RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA. 

In this contribution we discuss various triggers for the 2-step RACH procedure and identify open issues where further input from RAN1 is necessary and propose to send an LS to RAN1 to progress this work. 
2. Discussion
The 4-step RACH procedure used in NR is summarized in Figure 1 below:


[bookmark: _Ref523824353]Figure 1: 4-step RACH in NR
In the above, Msg3 is the first scheduled transmission from the UE and includes the initial RRC message. Msg3 may carry the following: 
· RRCSetupRequest
· RRCResumeRequest
· RRCReestablishmentRequest
· RRCSystemInfoRequest
In addition to the above, RACH may also be triggered in the following other cases: 
· Scheduling request triggered when UE is in not synchronized state in UL
· Beam Failure Recover (BFR)

A 2-step RACH procedure will complete the above 4 steps in 2 messages. In other words, at least the contents of Msg1 and Msg3 are included in msg1 and the contents of RAR and contention resolution are included in Msg2. This is depicted in Figure 2 below: 


[bookmark: _Ref525230332][bookmark: _Ref525230328]Figure 2: 2-step RACH procedure

In the rest of the document, we look at each of these RACH scenarios and identify what the contents of Msg1 could be.  
2.1. Connection Setup
The normal RRC Setup procedure (IDLE -> connected state) is as shown below in Figure 3 (baseline). 
The procedure for RRC Setup using 2-step RACH can be assumed to contain all the contents of Msg1 and Msg3 included in the first transmission. Hence, the Msg1 should at least contain the RACH preamble, and the RRCSetupRequest message. Note that the UE-ID which is needed for contention resolution in step 2 is included already in the RRCSetupRequest message. In case the UE is registered, the UE-ID contains the NG-5G-S-TMSI (48 bits or part depending on the size of the container – currently it includes only the first 39 bits). Otherwise (i.e. the UE is not registered yet), then the field may contain a random number (used for contention resolution). This baseline procedure for 2-step RACH is depicted in Figure 3 (option a). 

As a further alternative to this option a, selected contents of the RRCSetupComplete may also be included in the Msg1 as shown in option b. The advantage of this option b is that CN signaling can be initiated right after Msg1 (if the NAS message is also included in Msg1) or the gNB may perform further prioritization of the next UL message depending on the contents of Msg1 (e.g. receiving the s-nssai-List in Msg1 may enable the gNB to apply appropriate prioritization of the UE). Note that although additional CN signaling may be needed (e.g. if the UE has not got the NAS security context yet), the gains are there even if not all contents of Msg5 are included in Msg3. Thus, option b provides further benifits compared to option 1. However, the critical input needed to design the RAN2 signalling either for option a or option b or somewhere in between is to understand the supported payload size for Msg1.  
	

Baseline Setup (4-step RACH)
	

Setup with 2-step RACH – Option a
	

Setup with 2-step RACH – Option b


[bookmark: _Ref525301609]Figure 3: RRCSetup procedure summary
Observation 1: For RRCSetup Although option a (i.e. including the Msg3 contents in Msg1 for RRCSetup request) is the baseline, further gains are possible if selected contents of Msg5 may be included in Msg1 (if the payload is large enough)

2.2. Resume
2.2.1. Resume for data
The normal RRC Resume procedure (INACTIVE -> connected state) is as shown below in Figure 4 (baseline Resume). 
The procedure for RRC resume using 2-step RACH can be assumed to contain all the contents of Msg1 and Msg3 included in the first transmission. Hence, the Msg1 should at least contain the RACH preamble, and the RRCResumeRequest message. Note that the UE-ID which is needed for contention resolution in step 2 is included already in the RRCResumeRequest message (i.e. the I-RNTI). This baseline procedure for resume using 2-step RACH is depicted in Figure 4 (option a). 
As an enhancement to this option a, the contents of the RRCResumeComplete may also be included in the Msg1 as shown in option b. The advantage of this option b is that the resume procedure is completed in 2 steps. Compared to RRCSetup, this procedure is much simpler because the NAS security context already exists for the case of an INACTIVE UE. Hence, the only question in this case is whether the payload size of Msg1 can accommodate also the contents of Msg5 as shown in option b below. Thus, further input from RAN1 is needed again to conclude the details of this issue.  
	

Baseline Resume (4-step RACH)
	

Resume with 2-step RACH – Option a
	

Resume with 2-step RACH – Option b


[bookmark: _Ref523925317]Figure 4: Resume for data

Observation 2: In case of RRCResume inclusion of contents of Msg5 also into Msg1 may provide further gains if the payload is large enough. Since there is no need to establish NAS security context, this procedure is much simpler than the corresponding option for RRCSetup case 
2.2.2. Resume for RNA
The normal RRC Resume procedure RNA (INACTIVE -> INACTIVE) is as shown below in Figure 5 (baseline Resume/RNA) and the enhanced procedure for Resume with RNA (with 2-step RACH) is also shown.  
	

Baseline Resume/RNA (4-step RACH)
	

Resume/RNA with 2-step RACH


[bookmark: _Ref523926004]Figure 5: Resume for RNA
Observation 3: 2-step RACH procedure enables completion of RNA within 2 messages and hence provides latency and power consumption savings for the UE

2.3. Reestablishment
The normal Reestablishment procedure and the enhanced (2-step RACH based) reestablishment procedure are both depicted in Figure 6 below. The UE-ID used for contention resolution in this case is the ReestabUe-Identity which is included in the Restablishment Request. Inclusion of RRCReestablishmentComplete also in Msg1 needs further discussion (although it should be noted that these contents should be encrypted and integrity protected and as such this is not feasible with the current framework of reestablishment).

	

Baseline Reestablishment (4-step RACH)
	

Reestablishment with 2-step RACH


[bookmark: _Ref525295697]Figure 6: Reestablishment procedure

Observation 4: Reestalishment procedure also benefits form 2-step RACH

2.4. System information request
Although 2-step RACH might benefit the RRC based system information request, similar mechanism also exists with preamble-based system information request. Given the limited gains, it seems there is not much benefit in supporting system information request procedure for 2-step RACH. 
Observation 5: Benefits of defining system information request using 2-step RACH is not huge compared to the already existing mechanism to use preamble-based SI request 
2.5. Other triggers
2.5.1. BFR
BFR uses CFRA and the response from the network is provided via dedicated search space for the UE. Given this, there is no payload to be carried with BFR and hence as such BFR doesn’t seem to benefit from the 2-step RACH procedure. However, if the BFR procedure is enhanced (e.g. to include beam measurements or to support BFR for SCells etc), then 2-step RACH based BFR may be reconsidered 
Observation 6: Since the current CFRA based BFR procedure doesn’t have any payload to carry, it doesn’t benefit from 2-step RACH. Further analysis of BFR can be considered if the basic BFR procedure is modified in Rel-16
2.5.2. SR when the UE is unsynchronized
If the UE is not UL synchronized, a BSR will implicitly trigger an SR. Allowing 2-step RACH in this case can enable the UE to at least send the payload (e.g. BSR) over the RACH channel. This seems beneficial from the latency perspective. Note that a UE-ID (i.e. the C-RNTI) needs to be explicitly included in the message in this case. The response from the gNB may be an UL grant (i.e. the UE continues to monitor the PDCCH for UL grant) instead of RAR. 
Observation 7: for the case of RACH triggered due to SR when the UE is not UL synchronized, sending BSR over 2-step RACH channel is beneficial from latency perspective

3. Conclusion and proposals
The contribution discussed the aspects related to 2-step RACH and the following table summarises the contents of the Msg1: 
Table 1: contents of Msg1 for 2-step RACH
	
	Basic RRC procedure for which the 2-step RACH is used

	
	Setup
	Resume
	Reestablishment
	SR + BSR

	UE ID
	ue-Identity (which is basically the ID included in the RRCSetupReq)
	I-RNTI (which is part of the resumeIdentity in the RRCResumeReq)
	ReestabUE-Identity (which is part of the RRCreestablishmentReq
	C-RNTI

	Payload
	part 1 msg3 content
	RRCSetupReq 
	RRCResumeReq
	RRCReestablishmentReq
	BSR+UE-ID (C-RNTI)

	
	part 2 msg5 content (depending on payload size)
	Selected contents of RRCSetupComplete 
	Selected contents of RRCResumeComplete 
	N/A
	N/A



The following observations can be made based on the above: 
Observation 1: For RRCSetup Although option a (i.e. including the Msg3 contents in Msg1 for RRCSetup request) is the baseline, further gains are possible if selected contents of Msg5 may be included in Msg1 (if the payload is large enough)

Observation 2: In case of RRCResume inclusion of contents of Msg5 also into Msg1 may provide further gains if the payload is large enough. Since there is no need to establish NAS security context, this procedure is much simpler than the corresponding option for RRCSetup case

Observation 3: 2-step RACH procedure enables completion of RNA within 2 messages and hence provides latency and power consumption savings for the UE

Observation 4: Reestalishment procedure also benefits form 2-step RACH

Observation 5: Benefits of defining system information request using 2-step RACH is not huge compared to the already existing mechanism to use preamble-based SI request 

Observation 6: Since the current CFRA based BFR procedure doesn’t have any payload to carry, it doesn’t benefit from 2-step RACH. Further analysis of BFR can be considered if the basic BFR procedure is modified in Rel-16

Observation 7: for the case of RACH triggered due to SR when the UE is not UL synchronized, sending BSR over 2-step RACH channel is beneficial from latency perspective

Based on the above, the following proposals are made: 

Proposal 1: For RRCSetup and RRCResume procedure RAN2 should design the contents of Msg1 for 2-step RACH using contents of the legacy Msg3 and selected fields (or entire) Msg5 depending on the size of the payload that can be carried over Msg1

Proposal 2: RAN2 should send an LS to RAN1 requesting them to provide feedback about the size of payload that can be accommodated over Msg1 for 2-step RACH (draft provided in [1])

Proposal 3: 2-step RACH is applicable for RRC Resume for data as well as RNA

Proposal 4: 2-step RACH for RRCReestablishment is designed to carry only the Reestablishment message as payload on Msg1

Proposal 5: when a CCCH message is included in Msg1 (i.e. Setup, Resume and Reestablishment), UE monitors RAR search space using the UE-ID that is included in the CCCH message

Proposal 6: For SR triggered when UE is in UL non-synchronized state, 2-step RACH is designed to include BSR and the UE-ID (C-RNTI). The UE monitors the dedicated search space for C-RNTI after sending the SR

[bookmark: _GoBack]Proposal 7: 2-step RACH is not applicable to the BFR procedure (this may be revisited if the Rel-15 BFR procedure is modified)
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