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1 Introduction
The following agreements have been reached regarding 2-step RACH so far in RAN2 [1], [2], [3], [4]:

RAN2#102:

1:	Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
2:	4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3: 	We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U

RAN2-AH-1807:

Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

RAN2#103:

RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA.

RAN2#103bis:

1.	From RAN2 perspective, the first message in 2-step RACH is a signal to detect the UE and a payload while the second message is for contention resolution for CBRA with a possible payload.
2.	As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request, BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.
3.	The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. RAN1 input will be needed for the payload size.
4.	CFRA for 2-step RACH is supported.
5.	Contention resolution in 2-step RACH will be done by including a UE identifier in the first message which is echoed in the second message. The type of UE identifier(s) is FFS.
6.	Fall-back from 2-step RACH to 4-step RACH is supported. Doing this after msgA will need support from physical layer perspective.
7.	Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH.
8.	Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH and a grant for msgA will be broadcasted.


In this contribution, in order to clarify the usage of 2-step RACH, we list each RACH trigger event in 38.300 (clause 9.2.6) and our analysis of the contents of the corresponding payload in msgA and msgB.
2 Discussion
2.1 General principles on msgA and msgB contents
Our analysis of the contents of msgA and msgB for 2-step RACH is based on the following principles:
1. The payload of msgA contains equivalent information as msg3 of 4-step RACH, i.e. either an RRC message or a MAC CE with a UE identifier, and optionally other RRC messages or MAC CEs such as BSR.
2. msgB contains equivalent information as the combination of msg2 and msg4 in 4-step RACH, i.e. RAR and optionally an RRC message and MAC CE(s).
3. The msgB contents are listed for the response for a single UE. However it may be possible for one msgB to contain response for multiple UEs, as discussed in our contribution [5], in which case the fields listed for msgB below could be repeated multiple times in a single message.
4. Contention resolution could be achieved by either addressing msgB to the unique UE identifier in msgA, or by explicitly including a UE Contention Resolution MAC CE in the message, as in legacy 4-step RACH in LTE/NR.
5. Fall-back to 4-step RACH can be indicated by the network by one of the following options: a) including the UL grant in msgB, b) transmitting legacy msg2 in 4-step RACH instead of msgB, c) some form of explicit indication in msgB. For the remainder of this document, we assume option a).
6. UL grant in msgB can be optionally used for transmitting RRC complete message in some scenarios. In this case, an explicit indication may be needed from the network to differentiate the case when the UL grant is for the fall-back to 4-step RACH.
7. In some scenarios, it may be possible for msgA or msgB to contain additional MAC CEs such as PHR, however these are not listed because we think that they are not essential to the discussions below.
These principles are captured in the proposals below:
Proposal 1: msgB contains equivalent information as the combination of msg2 and msg4 in 4-step RACH, i.e. RAR and optionally an RRC message and MAC CE(s).
Proposal 2: Fall-back to 4-step RACH is indicated by the network by including the UL grant in msgB.
Proposal 3: If UL grant is used for transmitting RRC (complete) message in some scenarios, an explicit indication is sent by the network to use the UL grant to fall-back to 4-step RACH.
2.2 Initial access from RRC_IDLE
	msgA
	Size
	Comments

	MAC subheader (for UL CCCH)
	1 byte
	R/LCID fields

	RRCSetupRequest
	6 bytes
	UL RRC message



	msgB
	Size
	Comments

	MAC subheader (RAR)
	1 byte
	RAR subheader, E/T/RAPID fields

	RAR payload
	
	

	  TA command
	12 bits
	Required, to indicate the TA to the UE

	  UL grant
	27 bits
	May not be required, but optionally could be used to transmit RRCSetupComplete
If the payload in msgA was not decoded successfully by the network, UL grant is used to indicate fall-back to 4-step RACH.

	  C-RNTI
	16 bits
	Required, to assign C-RNTI to the UE

	MAC subheader (UE CR MAC CE)
	1 byte
	R/LCID fields

	UE Contention Resolution Identity MAC CE
	6 bytes
	Required, for contention resolution

	MAC subheader (RRC message)
	2-3 bytes
	R/F/LCID/L fields

	RRCSetup or RRCReject message
	Up to 9 KBytes
	DL RRC message



2.3 RRC Connection Re-establishment procedure
	msgA
	Size
	Comments

	MAC subheader (for UL CCCH)
	1 byte
	R/LCID fields

	RRCReestablishmentRequest
	6 bytes
	UL RRC message



	msgB
	Size
	Comments

	MAC subheader (RAR)
	1 byte
	RAR subheader, E/T/RAPID fields

	RAR payload
	
	

	  TA command
	12 bits
	Required, to indicate the TA to the UE

	  UL grant
	27 bits
	May not be required, but optionally could be used to transmit RRCReestablishmentComplete or RRCSetupComplete
If the payload in msgA was not decoded successfully by the network, UL grant is usedto indicate fall-back to 4-step RACH.

	  C-RNTI
	16 bits
	Required, to assign new C-RNTI to the UE

	MAC subheader (UE CR MAC CE)
	1 byte
	R/LCID fields

	UE Contention Resolution Identity MAC CE
	6 bytes
	Required, for contention resolution

	MAC subheader (RRC message)
	2-3 bytes
	R/F/LCID/L fields

	RRCReestablishment or RRCSetup message
	Up to 9 KBytes
	DL RRC message



2.4 Handover
	msgA
	Size
	Comments

	MAC subheader (C-RNTI MAC CE)
	1 byte
	R/LCID fields

	C-RNTI MAC CE
	2 bytes
	Included as the RRC message is transmitted on DCCH for contention-based Random Access
Not included for contention-free Random Access

	MAC subheader (RRC message)
	2 bytes
	R/F/LCID/L fields

	RRCReconfigurationComplete
	2 bytes
	UL RRC message



	msgB
	Size
	Comments

	MAC subheader (RAR)
	1 byte
	RAR subheader, E/T/RAPID fields

	RAR payload
	
	

	  TA command
	12 bits
	Required, to indicate the TA to the UE

	  UL grant
	27 bits
	May not be required
If the payload in msgA was not decoded successfully by the network, UL grant is used to indicate fall-back to 4-step RACH.

	  C-RNTI
	16 bits
	Not required



2.5 DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised"
	msgA
	Size
	Comments

	MAC subheader (C-RNTI MAC CE)
	1 byte
	R/LCID fields

	C-RNTI MAC CE
	2 bytes
	Included as there is no UL CCCH message

	MAC subheader (BSR MAC CE)
	1 or 2 bytes
	R/LCID or R/F/LCID/L fields

	BSR MAC CE
	1-9 bytes
	Included for the UL data arrival case. The size depends on the payload size available in msgA



	msgB
	Size
	Comments

	MAC subheader (RAR)
	1 byte
	RAR subheader, E/T/RAPID fields

	RAR payload
	
	

	  TA command
	12 bits
	Required, to indicate the TA to the UE

	  UL grant
	27 bits
	May not be required, or could be used to transmit UL data
If the payload in msgA was not decoded successfully by the network, UL grant is used to indicate fall-back to 4-step RACH.

	  C-RNTI
	16 bits
	Not required



2.6 Transition from RRC_INACTIVE
	msgA
	Size
	Comments

	MAC subheader (for UL CCCH)
	1 byte
	R/LCID fields

	RRCResumeRequest or RRCResumeRequest1
	6 or 8 bytes
	UL RRC message



	msgB
	Size
	Comments

	MAC subheader (RAR)
	1 byte
	RAR subheader, E/T/RAPID fields

	RAR payload
	
	

	  TA command
	12 bits
	Required, to indicate the TA to the UE

	  UL grant
	27 bits
	May not be required, but optionally could be used to transmit RRCResumeComplete or RRCSetupComplete
If the payload in msgA was not decoded successfully by the network, UL grant is used to indicate fall-back to 4-step RACH.

	  C-RNTI
	16 bits
	Required, to assign C-RNTI to the UE

	MAC subheader (UE CR MAC CE)
	1 byte
	R/LCID fields

	UE Contention Resolution Identity MAC CE
	6 bytes
	Required, for contention resolution

	MAC subheader (RRC message)
	2-3 bytes
	R/F/LCID/L fields

	RRCResume, RRCSetup, RRCRelease, or RRCReject message
	Up to 9 KBytes
	DL RRC message



2.7 To establish time alignment at SCell addition
	msgA
	Size
	Comments

	N/A
	N/A
	Always contention-free Random Access, no payload in msgA



	msgB
	Size
	Comments

	MAC subheader (RAR)
	1 byte
	RAR subheader, E/T/RAPID fields

	RAR payload
	
	

	  TA command
	12 bits
	Required, to indicate the TA to the UE

	  UL grant
	27 bits
	May not be required

	  C-RNTI
	16 bits
	Not required



2.8 Request for Other SI
	msgA
	Size
	Comments

	MAC subheader (for UL CCCH)
	1 byte
	R/LCID fields

	RRCSystemInfoRequest
	6 bytes
	When the Random Access Resources for SI request have not been explicitly provided by RRC (contention-based Random Access), it is required



	msgB
	Size
	Comments

	MAC subheader (RAR)
	1 byte
	RAR subheader, E/T/RAPID fields
RAPID is used to indicate the reception of an acknowledgement for SI request to upper layers for contention-free Random Access case

	RAR payload
	
	

	  TA command
	12 bits
	Not required

	  UL grant
	27 bits
	Not required

	  C-RNTI
	16 bits
	Not required

	MAC subheader (UE CR MAC CE)
	1 byte
	R/LCID fields

	UE Contention Resolution Identity MAC CE
	6 bytes
	When the Random Access Resources for SI request have not been explicitly provided by RRC (contention-based Random Access), it is required



2.9 Beam failure recovery
	msgA
	Size
	Comments

	MAC subheader (C-RNTI MAC CE)
	1 byte
	R/LCID fields

	C-RNTI MAC CE
	2 bytes
	Required for the case when the contention-free Random Access Resources for beam failure recovery request associated with any of the SSBs and/or CSI-RSs have not been explicitly provided by RRC (contention-based Random Access)



	msgB
	Size
	Comments

	MAC subheader (RAR)
	1 byte
	RAR subheader, E/T/RAPID fields

	RAR payload
	
	

	  TA command
	12 bits
	Not required

	  UL grant
	27 bits
	Not required
For contention-based Random Access, and if the payload in msgA was not decoded successfully by the network, UL grant is used to indicate fall-back to 4-step RACH.

	  C-RNTI
	16 bits
	Not required




4 Conclusion
We have the following proposals from our analysis of msgA and msgB payload contents above:
Proposal 1: msgB contains equivalent information as the combination of msg2 and msg4 in 4-step RACH, i.e. RAR and optionally an RRC message and MAC CE(s).
Proposal 2: Fall-back to 4-step RACH is indicated by the network by including the UL grant in msgB.
Proposal 3: If UL grant is used for transmitting RRC (complete) message in some scenarios, an explicit indication is sent by the network to use the UL grant to fall-back to 4-step RACH.
Based on our analysis, we propose that the TP provided in the Annex below is added in TR 38.889.
Proposal 4: Agree to the TP in Annex for TR 38.889.

5 Annex – Text Proposal for TR 38.889 v0.2.0
[bookmark: _Toc528161182]7.2.2.2.1	RACH (4-step, 2-step)
/// Unmodified text not included
/// Start of proposed changes
The contents of msgA and msgB for the applicable triggers are listed in Table 1 and Table 2 below.
[bookmark: _Ref528239952]Table 1 Contents of msgA
	Trigger
	RRC message
	C-RNTI MAC CE
	BSR MAC CE

	Initial access from RRC_IDLE
	RRCSetupRequest
	N/A
	N/A

	RRC Connection Re-establishment procedure
	RRCReestablishmentRequest
	N/A
	N/A

	Handover
	RRCReconfigurationComplete
	Included (for contention-based Random Access)
N/A (for contention-free Random Access)
	Optional

	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised"
	N/A
	Included
	Included (for UL data arrival)

	Transition from RRC_INACTIVE
	RRCResumeRequest or RRCResumeRequest1
	N/A
	N/A

	To establish time alignment at SCell addition
	N/A
	N/A
	N/A

	Request for Other SI
	RRCSystemInfoRequest (for contention-based Random Access)
N/A (for contention-free Random Access)
	N/A
	N/A

	Beam failure recovery
	N/A
	Included (for contention-based Random Access)
N/A (for contention-free Random Access)
	N/A



[bookmark: _Ref528239963]Table 2 Contents of msgB
	Trigger
	RAPID
	TA
	UL grant
	C-RNTI
	UE Contention Resolution MAC CE
	RRC message

	Initial access from RRC_IDLE
	Required
	Required
	Optional (to transmit RRCSetupComplete)
	Required
	Required
	RRCSetup or RRCReject

	RRC Connection Re-establishment procedure
	Required
	Required
	Optional (to transmit RRCReestablishmentComplete or RRCSetupComplete)
	Required
	Required
	RRCReestablishmentRequest

	Handover
	Required
	Required
	Optional
	Not required
	N/A
	N/A

	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised"
	Required
	Required
	Optional
	Not required
	N/A
	N/A

	Transition from RRC_INACTIVE
	Required
	Required
	Optional (to transmit RRCResumeComplete or RRCSetupComplete)
	Required
	Required
	RRCResume, RRCSetup, RRCRelease, or RRCReject

	To establish time alignment at SCell addition
	Required
	Required
	Optional
	Not required
	N/A
	N/A

	Request for Other SI
	Required
	Not required
	Not required
	Not required
	Required (contention-based Random Access)
N/A (contention-free Random Access)
	N/A

	Beam failure recovery
	Required
	N/A
	Optional
	N/A
	N/A
	N/A

	NOTE: The UL grant is optional may be used for: 1) Fall-back to 4-step RACH, to provide the UL grant for retransmission of the payload in msgA, or 2) Transmitting the RRC message



/// End of proposed changes
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