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1. Introduction
In this RAN2 meeting, the discussion of 2 step RACH WI started and followings are the objectives[1]. 
	1. 2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.

· 2-step RACH is applicable to any cell size supported in Rel-15 NR;

· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state

· Specify contention-based 2-step RACH procedure (RAN2)

· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)

· Only reuse the Rel-15 NR PRACH Preambles design. 

· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)

· No new CP length and no sub-PRB guard subcarrier(s)

Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS

· PRACH Preamble and PUSCH in a msgA is TDMed

· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA

· Consider the msgA payload contents determined by RAN2

· Specify power control of PUSCH of msgA

· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)

· Inclusion of UCI in msgA is not precluded

· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)

· Contention resolution for 2-step RACH (RAN2)

· Design of RNTI for msgB of 2-step RACH (RAN2)

· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)

· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion

· No new triggers for 2 step RACH


This paper presents the initial consideration of 2 step RACH (especially aboves highlighted in yellow)from RAN2 perspective.
2. Discussion
One of the main considerations in RAN2 is the contents of MsgA and MsgB. We will analyse what information is required in them. From the objectives, we understand that MsgA contains RA preamble and PUSCH carrying payload and MsgB contains their responses (at least including the required information for contention resolution). 
2.1. MsgA

We think that MsgA PUSCH needs contain at least UE identity for contention resolution as Msg3 in 4-step RACH. In 4-step RACH, the UE identity is C-RNTI MAC CE or CCCH SDU depending on the case. This principle can be utilized for 2-step RACH.

Proposal1: MsgA PUSCH payload contains UE identity (i.e. C-RNTI MAC CE or CCCH SDU as for Msg3 of 4step RACH).

From that point view, MsgA can be considered as the combination of Msg1 and Msg3 in 4-step RACH. The next question is how the UE determines the required information to transmit MsgA PUSCH since in 4-step RACH, they are provided explicitly by NW in Msg2. Following is the contents in Msg2 specified in TS38.321:
1) Timing Advance command
2) UL grant

3) Temporary C-RNTI
It is noted that it can be addressed in next section how to handle Backoff Indicator and Random Access Preamble Identifier contained in subbeader of Msg2 in 4 step RA procedure.
For 1), since this is calculated by the reception timing of PRACH, it cannot be obtained before sending MsgA PUSCH.
For 2), this should be pre-configured in the UE via either system information (e.g. RACH for transition to connected mode) or dedicated RRC signalling (e.g. UL data resuming). 
For 3), this is used to scramble the MsgA PUSCH and thus should be determined by UE implicitly. We think that the same approach to RA-RNTI can be applied since resource information of MsgA (PRACH and/or PUSCH) is the only the option to synchronize RNTI value used in UE and gNB. The detailed calculation can be further discussed:
Proposal2: Use following principle to determine the required information to transmit MsgA PUSCH:
- Transmission timing of MsgA PUSCH is same as that for MsgA RA preamble

- UL resource of MsgA PUSCH is allocated via system information or dedicated RRC signalling

- RNTI of MsgA PUSCH is determined by resource information of MsgA (detailed calculation is FFS).

2.2. MsgB

As MsgB contents, it should contain the information for contention resolution and thus we can think about the contents provided in Msg2 and Msg4 in 4-step RACH. As done for MsgA discussion in the previous section, we can discuss which information in Msg2 is required for MsgB. Following table summarizes the information carried in Msg2 and Msg4 during 4-step RA procedure and our analysis whether they are required as MsgB contents. 
Table.1

	Contained in when 4-step RA procedure 
	
	Required for MsgB??

	
	Information
	RA for CCCH SDU
	RA not for CCCH SDU

	Msg2 subheader
	Back-off indicator
	Required

	
	RA preamble ID
	Required

	Msg2 payload
	TA command
	Required

	
	UL grant
	Not required
	Required for UL scheduling

	
	Temporary C-RNTI

(i.e. C-RNTI to be assigned for the UE)
	Required
	Not essential

	Msg4
	Contention resolution
	Required

(UE contention resolution ID MAC CE is required)
	Required

(Resource assignment addressed by C-RNTI)


Following is the reasoning for each item:

-
Back-off indicator: we think it would be beneficial to support as for 4-step RA procedure such that NW can distribute the next RA preamble (MsgA) transmissions from the UEs when NW is overloaded. 
-
RA preamble ID: this can be used to distinguish the UEs which use the same RA preamble on the same frequency/time domain and use the same RA preamble as for 4-step RA procedure.  
-
TA command: this is used for MsgB and due to this, we can apply the HARQ operation for MsgB (to be confirmed by RAN1) 

-
UL grant: during 4-step RA procedure, this is used to schedule the UL resources for Msg3. While this information is not essential for RA procedure for CCCH SDU (since bearer is not ready), this would be required for RA procedure not for CCCH SDU since it may be triggered for scheduling request. 
-
Temporary C-RNTI: This information is only required for RA procedure for CCCH SDU (e.g. initial access). While this is not essential for RA procedure not for CCCH SDU, we may mandate this information in MsgB for common MsgB protocol format (can be discussed after the contents are determine). 

-
Contention resolution: depending on the case, the contention resolution is done by following information:
- RA procedure for CCCH SDU: UE contention resolution ID MAC CE can be used as for 4-step RA procedure

- RA procedure not for CCCH SDU: In this case, we think that UE’s C-RNTI can be used as for 4-step RA procedure.
Proposal3a: Use following as information carried in MsgB:
- Back-off indicator


- RA preamble ID


- TA command


- For RA procedure for CCCH SDU


- UE contention resolution ID MAC CE



- C-RNTI to be assigned to the UE

- For RA procedure not for CCCH SDU



- UL grant



- C-RNTI already allocated to the UE

Proposal3b: HARQ operation is applied from MsgB (to be confirmed by RAN1). 

As for MsgA discussion, we need to discuss how UE determines RNTI to receive MsgB. During the 4-step RA procedure, to receive Msg4, UE uses different RNTI depending on the case. Specifically, if RA procedure is for CCCH SDU, the UE uses temporary C-RNTI. Otherwise, it uses C-RNTI already allocated to the UE. For MsgB reception, we think that RNTI which is dedicated allocated to the specific UE cannot be used since NW may distribute back-off indicator regardless of the 2-step RA procedure is for CCCH SDU or not. The straight forward solution is the RNTI used for MsgA PUSCH transmission.  
Proposal4a: For MsgB reception, the UE uses RNTI used for MsgA PUSCH transmission.
If proposal4a is agreeable, we can step forward further for 2-step RA procedure not for CCCH SDU. Since MsgB is not scheduled by the RNTI already allocated to the UE, we cannot use the similar approach to the contention resolution during 4-step RA procedure not for CCCH SDU where UE considers contention resolution is completed when it receives the resource allocation addressed its C-RNTI. Thus, C-RNTI already allocated to the UE needs to  be explicitly informed in MsgB payload for 2-step RA procedure not for CCCH SDU.
Proposal4b: For 2-step RA procedure not for CCCH SDU, C-RNTI already allocated to the UE is explicitly informed in MsgB payload. 
3. Summary and Conclusion

This contribution presented the initial consideration on 2-step RA procedure and following were proposed:
Proposal1: MsgA PUSCH payload contains UE identity (i.e. C-RNTI MAC CE or CCCH SDU as for Msg3 of 4step RACH).

Proposal2: Use following principle to determine the required information to transmit MsgA PUSCH:
- Transmission timing of MsgA PUSCH is same as that for MsgA RA preamble

- UL resource of MsgA PUSCH is allocated via system information or dedicated RRC signalling

- RNTI of MsgA PUSCH is determined by resource information of MsgA (detailed calculation is FFS).
Proposal3a: Use following as information carried in MsgB:

- Back-off indicator


- RA preamble ID


- TA command


- For RA procedure for CCCH SDU



- UE contention resolution ID MAC CE



- C-RNTI to be assigned to the UE

- For RA procedure not for CCCH SDU



- UL grant



- C-RNTI already allocated to the UE

Proposal3b: HARQ operation is applied from MsgB (to be confirmed by RAN1). 

Proposal4a: For MsgB reception, the UE uses RNTI used for MsgA PUSCH transmission.

Proposal4b: For 2-step RA procedure not for CCCH SDU, C-RNTI already allocated to the UE is explicitly informed in MsgB payload. 
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6.2.2
MAC subheader for Random Access Response

The MAC subheader consists of the following fields:

-
E: The Extension field is a flag indicating if the MAC subPDU including this MAC subheader is the last MAC subPDU or not in the MAC PDU. The E field is set to "1" to indicate at least another MAC subPDU follows. The E field is set to "0" to indicate that the MAC subPDU including this MAC subheader is the last MAC subPDU in the MAC PDU;

-
T: The Type field is a flag indicating whether the MAC subheader contains a Random Access Preamble ID or a Backoff Indicator. The T field is set to "0" to indicate the presence of a Backoff Indicator field in the subheader (BI). The T field is set to "1" to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID);

-
R: Reserved bit, set to "0";

-
BI: The Backoff Indicator field identifies the overload condition in the cell. The size of the BI field is 4 bits;

-
RAPID: The Random Access Preamble IDentifier field identifies the transmitted Random Access Preamble (see subclause 5.1.3). The size of the RAPID field is 6 bits. If the RAPID in the MAC subheader of a MAC subPDU corresponds to one of the Random Access Preambles configured for SI request, MAC RAR is not included in the MAC subPDU.

The MAC subheader is octet aligned.

6.2.3
MAC payload for Random Access Response

The MAC RAR is of fixed size as depicted in Figure 6.2.3-1, and consists of the following fields:

-
R: Reserved bit, set to "0";

-
Timing Advance Command: The Timing Advance Command field indicates the index value TA used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6]. The size of the Timing Advance Command field is 12 bits;

-
UL Grant: The Uplink Grant field indicates the resources to be used on the uplink in TS 38.213 [6]. The size of the UL Grant field is 27 bits;

-
Temporary C-RNTI: The Temporary C-RNTI field indicates the temporary identity that is used by the MAC entity during Random Access. The size of the Temporary C-RNTI field is 16 bits.

The MAC RAR is octet aligned.
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Figure 6.2.3-1: MAC RAR
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