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1. [bookmark: OLE_LINK9]Introduction
The intention of this contribution is to share some views on the content of Msg2 in the 2-step RACH. 
This contribution is a modified version of R2-1814034 (the only change is the addition of the TP in the annex). 
2. Discussion on the content of Msg2
For the content of msg2, the basic idea with 2-step RACH is to include the information carried in msg2 and msg4 of the 4-step RACH. In 4-step RACH, the Msg2 is shared by all the UEs which use the same RACH occasion for Msg1 transmission. In 2-step RACH, in order to save the signaling overhead, the Msg2 should be shared by multiple UEs as well.
Proposal 1: In 2-step RACH, the Msg2 can be shared by multiple UEs.
In the 4-step RACH, two kinds of information are included in the Msg2, which are:
· Back off indicator
· Response for one specific Msg1 received by NW
The Back off Indicator will be included in the Msg2 of 4-step RACH to indicate the back off information (e.g. during congestion). Considering the 2-step RACH will be used in CBRA and the collision may occur as well in 2-step RACH, the back off indicator is still needed. For the UE specific response, similar as the msg2 in 4-step RACH, it is clear that the UE specific successful response is needed. Besides the successful response, as the majority suggested in the email discussion for the case that the preamble is decoded successfully but the payload part is not, some kind of failure response (either fallback indication or retransmission indication). should be introduced in the Msg2 of 2-step RACH as well. More discussion on the failure operation can be found in section 2.2. Therefore, for the general content of msg2 in 2-step RACH, we propose that:
Proposal 2: In the Msg2 of 2-step RACH, the following three kinds of information can be included:
· Back off indicator (common for all UEs)
· Successful response for one specific Msg1 received by NW
· Failure response for one specific Msg1 received by NW
For the detailed content of response for one specific Msg1 received by NW, considering different content may be required for the successful response and failure response, the content of msg2 for successful response and failure response will be discussed separately in the following subclause.
2.1. Content for the successful response
For each UE, besides the Msg1 based SI request, a RAR is included in the Msg2 after RAP ID as a response to Msg1. The format of RAR can be found as follows:
[image: ]
For the msg4 in 4-step RACH, the contention resolution ID will be included for the purpose of contention resolution. In addition, MAC SDU from SRB/DRB can be included in the msg4 as well.
Therefore, in the 4-step RACH, the information included in msg2 and msg4 are summarized as follow:
· Msg2 in 4-step RACH (shared by multiple UE)
· RAP ID + MAC RAR (for each UE)
· Msg4 in 4-step RACH (UE specific)
· Contention resolution ID
· MAC SDU from SRB/DRB
For each information listed above, the applicability for 2-step RACH is analyzed as follows:

RAP ID
In 4-step RACH, the RAP ID is used to identify the Msg1 to which the response belongs to. However, in 2-step RACH, since the payload is transmitted in the Msg1 as well, more information can be considered as alternative to identify for which Msg1 the response belongs to.
· Alt1: C-RNTI: If C-RNTI is included in Msg1, then the C-RNTI can be used to identify the UE.
· Alt2: Contention resolution ID: If CCCH message is used in Msg1, then the Contention resolution ID can be used to identify the UE
Considering either the C-RNTI and Contention resolution ID can be used to identify the Msg1 for the response.instead of RAP ID, we think the RAP ID is not needed in successful response. However, for the failure response in case the preamble is decoded successfully but the payload is not, the NW can not fetch the information carried in payload, thus the RAP ID should be used to identify the failure response. The expected UE behaviour can be found as follow:
· UE first checks the RAR to identify its own UE ID (i.e. C-RNTI or Contention resolution ID). If UE detects its own UE ID then it is successful and proceeds to next step in the 2-step RACH procedure
· If UE doesn’t find its ID, then it should look for RAPID (i.e. preamble detected but not payload). In this case, it can do a retransmission (using the UL grant in the RAR)
· If the UE doesn’t find even the RAPID then the UE continue the reception of Msg2 till the end of Msg1-response window. If no valid response can be identified, then the UE simply retransmits the Msg1
Observation 1: In the Msg2 of 2-step RACH, the RAP ID is not needed for the successful response, but is needed in the failure response.



UL Grant
In 4-step RACH, the intention of the UL-grant in RAR it to grant the resources for Msg3 transmission. However, in 2-step RACH, since the Msg3 has already been transmitted in Msg1, it seems the UL grant is not necessary for the successful response. However, for the case that the preamble is decoded successfully but the payload is not, the UL grant is needed to provide the resources for the retransmission of payload part.
Observation 2: In the Msg2 of 2-step RACH, the UL grant is not needed for the successful response, but is needed in the failure response.

Temporary C-RNTI
In 4-step RACH, the TC-RNTI will become C-RNTI after the contention resolution. In 2-step RACH, since the contention resolution will be done after the reception of msg2, the concept of Temporary C-RNTI is not needed in 2-step RACH for the successful response, and the UE will use the C-RNTI as normal C-RNTI once it is received, for the following PDCCH monitoring and contention resolution, if needed. 
In addition, for the case C-RNTI is included in the Msg1, the C-RNTI will be used for the purpose of contention resolution as well.
For the abnormal case, if the preamble is decoded successfully but the payload is not, the NW may send retransmission command in Msg2 and the TC-RNTI will be granted to UE for the following retransmission.
Observation 3: In the Msg2 of 2-step RACH, C-RNTI is needed in the successful response, and the TC-RNTI is needed in the failure response.

TA Command
Similar as 4-step RACH, the NW can estimate the TA based on the reception of Msg1 and the TA command can be included in the Msg2 to adjust the TA maintained on UE side for the following UL transmission.
Observation 4: In the Msg2 of 2-step RACH, the TA command is needed for both the successful response and the failure response.

Contention resolution ID
Similar as in 4-step RACH, the Contention resolution ID is needed for the purpose of contention resolution. Also considering the CCCH message can be included in the payload of Msg1 transmission, the contention resolution ID should be included in msg2 for CBRA.
Observation 5: In the Msg2 of 2-step RACH, the contention resolution ID is needed for the successful response.

MAC SDU from SRB/DRB
In 4-step RACH, the Msg4 may include the RRC signaling (MAC SDU from SRB) which will be used as some kind of response to the RRC signaling carried in Msg3. 
For example, in 4-step RACH, in RRC setup procedure, the RRCSetup message will be included in the Msg4 as response to the RRCSetupRequest included in the Msg1; in RRC resume procedure, the RRCResume/RRCRelease message may be included in the Msg4 as response to the RRCResumeRequest.
Considering the limited size of Msg2 in 2-step RACH, it is not possible to include the MAC SDU from SRB/DRB from different UEs into one Msg2, which is shared by multiple UE. 
Observation 6: Considering the limited size of Msg2 in 2-step RACH, it is not possible to include the MAC SDU from SRB/DRB from different UEs into one Msg2.
To transmit these MAC SDU from SRB/DRB used to be included in the Msg4 in the legacy 4-step RACH, we think the following two alternatives can be considered:
· Alt 1: These MAC SDU can be scheduled by C-RNTI after the successful completion of 2-step RACH.
· Alt 2: Include a DL grant as part of the successful response in Msg2 to provide the resources for the following DL transmission.
Compared to alternative 1, it seems the alternative 2 can save the PDCCH consumption and scheduling latency. Therefore, similar as the preamble + payload transmission in Msg1, a two-step Msg2 can be considered as well, in which a UE specific transmission follows the common Msg2 which is shared by multiple UE. And the transmission resources used in UE specific DL transmission is given in the Msg2 as part of the successful response. 
Observation 7: In the Msg2 of 2-step RACH, the DL grant can be included in the successful response.
One example is given as follow:


Figure 1: Usage of DL grant in successful response of Msg2
Based on the discussion above, we give our proposal as:
Proposal 3: For the msg2 of 2-step RACH, the following information should be included as part of the successful response for one specific Msg1 received:
· C-RNTI 
· TA Command
· Contention resolution ID (for the case CCCH is included in payload of Msg1)
· DL grant

2.2. Content of Msg2 for failure response
According to the email discussion [1], some failure handling has been discussed for the case that the preamble is decoded successfully but the payload part is not. In this case, since the NW can distinguish the failure caused by collision from the failure caused by poor radio condition, for the case that payload transmission is failed due to the poor radio condition, the NW should be allowed to grant UL resources in Msg2 for the retransmission of payload part of Msg1. 
Proposal 4: In case the preamble is decoded successfully but the payload is not, the NW should be allowed to grant UL resources in Msg2 for the retransmission of payload part of Msg1.
To grant the UL resources, two alternatives are proposed:
· Fallback to 4-step RACH
· A new NW triggered payload retransmission procedure
Since the 4-step RACH procedure is well defined in NR specs, we think the solution “fallback to 4-step RACH” should be interpreted as that: The legacy 4-step RACH response “RAP ID + RAR” will be included in the Msg2 of 2-step RACH, and the UE should take the same behaviour as in 4-step RACH in the Msg3 transmission and Msg4 reception. Note that this procedure is invoked only if the UE doesn’t receive the UE-ID in Msg2. 
Observation 8: The solution “fallback to 4-step RACH” should be interpreted as that: The legacy 4-step RACH response (i.e. “RAP ID + RAR”) will be included in the Msg2 of 2-step RACH, and the UE should take the same behaviour as in 4-step RACH in the Msg3 transmission (i.e. a new Msg3 will be generated and transmitted).
However, different from 4-step RACH, since the payload part has already been transmitted once in Msg1, the HARQ operation can be applied to the retransmission in case the preamble is decoded successfully but the payload is not. Therefore, it is also possible to introduce a new NW triggered payload retransmission procedure to allow the HARQ operation for the payload transmitted in Msg1.
Proposal 5: To enable the HARQ retransmission for the payload transmitted in Msg1, a new defined NW triggered payload retransmission procedure should be introduced instead of reusing the 4-step RACH.
To achieve the “NW triggered payload retransmission”, some kind of failure response should be included in the Msg2, and based on the observations given above in analysis of successful response, we think the following information should be included for the failure response.
Proposal 7: For the msg2 of 2-step RACH, the following information should be included as part of the failure response to trigger the payload retransmission:
· RAP ID
· TA Command
· UL grant 
· TC-RNTI
· HARQ information (maybe merged to UL grant)
3. Conclusion and proposals
Based on the analysis above, we give our observations and proposals as follow: 

[bookmark: _Hlk528851569]General consideration on the content of Msg2
Proposal 1: In 2-step RACH, the Msg2 can be shared by multiple UE.
Proposal 2: In the Msg2 of 2-step RACH, the following three kind of information can be included:
· Back off indicator (common for all UEs)
· Successful response for one specific Msg1 received by NW
· Failure response for one specific Msg1 received by NW (for the case that the preamble can be decoded successfully but the payload can not)

Content for the successful response
Observation 1: In the Msg2 of 2-step RACH, the RAP ID is not needed for the successful response, but is needed in the failure response.
Observation 2: In the Msg2 of 2-step RACH, the UL grant is not needed for the successful response, but is needed in the failure response.
Observation 3: In the Msg2 of 2-step RACH, C-RNTI is needed in the successful response, and the TC-RNTI is needed in the failure response.
Observation 4: In the Msg2 of 2-step RACH, the TA command is needed for both the successful response and the failure response.
Observation 5:In the Msg2 of 2-step RACH, the contention resolution ID is needed for the successful response.
Observation 6: Considering the limited size of Msg2 in 2-step RACH, it is not possible to include the MAC SDU from SRB/DRB from different UEs into one Msg2.
Observation 6: In the Msg2 of 2-step RACH, the DL grant can be included in the successful response .
Observation 7: In the Msg2 of 2-step RACH, the DL grant can be included in the successful response.
One table is given as follow to summary the observations above.
	
	Need for successful response 
	Need for failure response

	RAP ID
	No
	yes

	UL grant
	No
	Yes, 
for retransmission of payload in Msg1

	C-RNTI/TC-RNTI
	C-RNTI
	TC-RNTI

	TA command
	Yes
	Yes

	Contention resolution ID
	Yes
	No

	DL grant
	Yes, 
for the following MAC SDU from SRB/DRB (e.g. RRC setup or RRC resume message)
	No



Proposal 3: For the msg2 of 2-step RACH, the following information should be included as part of the successful response for one specific Msg1 received:
· C-RNTI 
· TA Command
· Contention resolution ID (for the case that CCCH is included in the payload of Msg1)
· DL grant

Content for the failure response
Proposal 4: In case the preamble is decoded successful but the payload is not, the NW should be allowed to grant UL resources in Msg2 for the retransmission of payload part of Msg1.
Observation 8: The solution “fallback to 4-step RACH” should be interpreted as that: The legacy 4-step RACH response (i.e. “RAP ID + RAR”) will be included in the Msg2 of 2-step RACH, and the UE should take the same behaviour as in 4-step RACH in the Msg3 transmission (i.e. a new Msg3 will be generated and transmitted).
Proposal 5: To enable the HARQ retransmission for the payload transmitted in Msg1, a new defined NW triggered payload retransmission procedure should be introduced instead of reusing the 4-step RACH.
Proposal 6: For the msg2 of 2-step RACH, the following information should be included as part of the failure response to trigger the payload retransmission:
· RAP ID
· TA Command
· UL grant
· TC-RNTI
· HARQ information (maybe merged to UL grant)
4. References
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5. Annex (TP for TR 38.889)
Based on the above proposals, the following TP for 38.889 is proposed (to be included in section 2.2.1 of the TR)

-----------------
In case of 2-step RACH, the msg B may be shared by multiple UEs. In this case, the msg B may include a backoff indicator common to all the UE sharing the msg B. In addition, for each received msg A, the msg B may also include a response for the msg A which indicates whether the msg A is received successfully or not. 
In case of successful reception of msg A, msg B additionally includes a C-RNTI, timing advance command, contention resolution ID and a downlink grant (for the contents of msg4). 
In case of unsuccessful reception of msg A, the network may grant uplink resources for a subsequent retransmission of the contents of msg A. In this case, msg B may include a random access preamble ID (if a preamble is included in msg A), timing advance command, UL grant (for retransmission of msg A, including HARQ information) and a temporary C-RNTI. 
-----------------
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