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Introduction
In aspect of physical structure for 2-step RACH, the agreements have been reached include [1]:
	Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
Agreements:
Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where the granularity of the TA command is determined according to the following table.
	Subcarrier Spacing (kHz) of the PUSCH
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc


· Other options/variations are not precluded

Agreements:
For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.


Agreements:
· MsgA shall support all the preamble formats specified for NR release 15.

Agreements:
[bookmark: _Hlk8850408]From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
· FFS: How to determine the retransmitted MsgA PUSCH Tx power.
Agreements:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.




In this contribution, we will present our further considerations on the issues relevant to the 2-step RACH procedures based on the reached agreements and the offline feature lead in last meeting. Observations and proposals are provided according to the discussions.
[bookmark: OLE_LINK1]Discussions
MsgA Retransmission
In order to improve the PUSCH transmission reliability, we propose to adopt the HARQ mechanism for the initial transmission and retransmissions of PUSCH. In case of success preamble detection and failed PUSCH detection in a MsgA, the gNB can allocate a RNTI generated with the position of RO and preamble ID associated with previous PUSCH to the UE for the retransmission of PUSCH. Then when a gNB detects a retransmission of PUSCH, it can realize the position of previous PUSCH and apply the HARQ mechanism. 
Observation1: HARQ mechanism for the initial transmission and retransmissions of PUSCH can improve the PUSCH transmission reliability.
Proposal1: It is suggested to apply HARQ mechanism to the PUSCH transmission and set the RNTI generated with the position of RO and preamble ID associated with previous PUSCH for the retransmission of PUSCH in case of success preamble detection and failed PUSCH detection in a MsgA.

MsgB Content
At the gNB side, it has to respond three types of message for 2-step RACH MsgA and 4-step RACH Msg1, which are:
1) Msg2-like MsgB in respond of successful preamble detection and failed PUSCH decoding;
2) Msg4-like MsgB in respond of successful detection of both preamble and PUSCH;
3) Msg2 in respond of Msg1 in 4-step RACH. 
The combination of Msg2-like MsgB, Msg4-like MsgB, and Msg2 are determined by the configuration of 2-step RACH parameters and CORESETs/SS for MsgB and Msg2 detection. As for Msg2, it can be separated with MsgB fully through configuring different CORESETs/SS to detect MsgB and Msg2 even 2-step RACH and 4-step RACH share the same RO according to the discussions. Therefore, in our observation, we refer to at least support the combination of Msg2-like MsgB and Msg4-like MsgB within one MAC PDU responding to the UEs in groupcast manner. At the UE side, it will not know whether the PUSCH in MsgA is successfully detected or not until it detects the respond which is Msg2-like MsgB or Msg4-like MsgB. If to generate the Msg2-like MsgB and Msg4-like MsgB in separate PDSCHes, it will increase the detection complexity at the UE side. Therefore, we suggest to combine Msg2-like MsgB and Msg4-like MsgB within one PDSCH and separate them through different MAC subPDU format, as illustrated in Fig.1. 


FIG 1 A illustration of MAC PDU which combines Msg2-like RAR and Msg4-like RAR.
Observation2: The combination of Msg2-like MsgB, Msg4-like MsgB, and Msg2 are determined by the configuration of 2-step RACH parameters and CORESETs/SS for MsgB and Msg2 detection.
Proposal2: At least support the combination of Msg2-like MsgB and Msg4-like MsgB within one MAC PDU responding to the UEs in groupcast manner, to reduce the detection complexity at the UE side.

As for the content of Msg2-like MsgB, it depends on the fallback procedure and the MsgA retransmission mode. If the MsgA is retransmitted in a non-adaptive way, then the gNB can just include preamble ID, TC-RNTI, and TA the in the msg2-like RAR. When to receive the msg2-like RAR with the same preamble ID, the UE then retransmit the MsgA by using the same preamble ID or PUSCH only on the PRU used in last transmission. The UL grant is therefore not necessary included in the msg2-like RAR. However, the format of Msg2 RAR in the 4-step RACH can still be adopted in the Msg2-like RAR and just set the unnecessary information as zero. Besides, if the gNB responds a UL grant for MsgA PUSCH retransmission, whether the resource of UL grant can be chosen from PRUs configured with MsgA or not should be further studied. If the UL grant is chosen from the configured PRUs, then it might not be necessary since UE can get the grant information for MsgA PUSCH retransmission from the selected preamble. 
Observation3: UL grant might not be necessary in the Msg2-like RAR for MsgA PUSCH retransmission if the retransmission is carried out in a non-adaptive way or the UL grant is chosen from the configured PRUs. 
Proposal3: FFS the MsgA retransmission mode, i.e., adaptive or non-adaptive retransmission mode and FFS the resource position of UL grant for MsgA PUSCH retransmission. 
As for the content of Msg4-like MsgB, the format and content size need to be specified if to combine it with Msg2-like RAR. The problem is mainly solved in RAN2. In addition, if to apply ACK feedback for successful Msg4-like RAR detection, the PUCCH resource for the ACK feedback should be studied. The PUCCH resource indication can be included in the Msg4-RAR content discussed in RAN2, or be associated with ID in PHY layer, like RNTI associated with the PDSCH of Msg4-RAR.
Observation4: The format and content size of Msg4-like RAR shall be studied mainly in RAN2 and the problem of ACK feedback to Msg4-like RAR can be solved either in RAN2 or RAN1. 
Probosal4: For RAN1, solve the problem of ACK feedback to Msg4-like RAR in cooperation with RAN2.   

2-step RACH Parameter Configuration
For the RO and preamble configurations of 2-step RACH, we can separate them with 4-step RACH in time-domain, frequency-domain and preamble-domain. In our observation, for time-domain RO separation, there is no need to add new entries in the TABLE for 4-step RACH or design a new TABLE for 2-step RACH since it will take high time cost. We can just assign a PRACH configuration index to the 2-step RACH prach-ConfigurationIndex-2step, indicating orthogonal time-domain ROs to those of 4-step RACH. For frequency-domain RO separation, we can set a msgA-FDM parameter for 2-step RACH based on msg1-FDM, indicating orthogonal frequency-domain ROs to those of 4-step RACH. For preamble-domain separation, we think pick the preambles for 2-step RACH from totalNumberOfRA-Preambles for CFRA to simplify the question. Obviously, the time-domain, frequency-domain, and preamble-domain separations are not necessarily configured simultaneously for the efficiency of RO utilization. The determination of which domain separation is applied in the system leaves to the implementation. 
Observation5: For the time-domain, frequency-domain, and preamble-domain configuration for 2-step RACH, we can add new indications in the RACH-ConfigGeneric to use orthogonal ROs or separate preambles compared to 4-step RACH. 
Proposal5: New indications in the RACH-ConfigGeneric are added to indicate the time-domain, frequency-domain, or preamble-domain configuration for 2-step RACH. 

Fallback Scheme 
In this contribution, we propose to configure a maximum transmission time of MsgA for 2-step RACH re-attempt and a response window to detect MsgB after sending MsgA. When the UE does not detect any response to its MsgA in the response window, and the transmission time of MsgA does not exceed the configured maximum transmission time, the UE would retransmit MsgA according to the 2-step RACH configurations. Otherwise, if the transmission time of MsgA exceeds the configured maximum transmission time, the UE would switch to 4-step RACH to send Msg1. And after each transmission of MsgA, the counter of preamble transmission time shall also increment by one as the counter of the transmission time of MsgA. Note that there should be a maximum transmission time for the preamble, which can reuse the configured maximum transmission time of preamble in the conventional 4-step RACH. And the configured maximum transmission time of MsgA shall not be greater than the maximum transmission time of preamble. 
In case of preamble detection success and PUSCH decoding fail, it is equivalent to the situation in 4-step RACH where the Msg1 is sent out successfully. It is determined by the gNB whether to respond Msg2 in 4-step RACH, or Msg2-like MsgB to let the UE retransmit MsgA in 2-step RACH, or no response. If the system is configured to enable the gNB to be aware of transmission time of MsgA and a maximum transmission time of MsgA is configured, then the gNB shall not allocate the UL grant for Msg3 until the transmission time of MsgA reaches its maximum value. At the UE side, if it detects a response containing the same preamble ID as in MsgA, and if there is a UL grant corresponding to the preamble ID, then the UE shall use the UL grant to transmit Msg3 according to the 4-step RACH procedure. However, if there is no UL grant except the information of TA corresponding to the preamble ID, the UE shall retransmit MsgA if the configured maximum transmission time of MsgA has not been reached, otherwise switch to transmit Msg1 using 4-step RACH. The timing of transmission shall be adjusted according to the received TA. 
We further illustrate the procedures of our scheme applied at the UE side and gNB side in FIG2. and FIG3, respectively. Moreover, when a backoff indicator is informed to the UE for MsgA retransmission, then the UE shall select a backoff counter to determine the latency before the next retransmission of MsgA.


FIG 2 The procedure of designed scheme of fallback from 2-step RACH to 4-step RACH at the UE side.


FIG 3 The procedure of designed scheme of fallback from 2-step RACH to 4-step RACH at the gNB side.
Proposal6: It is suggested to configure a maximum transmission time for MsgA in 2-step RACH and adopt the above designed scheme of fallback from 2-step RACH to 4-step RACH. And the maximum transmission time shall be no greater than the configured maximum transmission time of preamble in the conventional 4-step RACH.
In addition, in the case that gNB shall respond more than one MsgBs to different UE groups in separate PDSCH, as shown in FIG4, then the gNB shall determine the priority of the MsgB responses based on the latency requirement of UEs and RACH triggers, and also the time of attempts of MsgA. For example, the UE can include an indicator of the transmission time of MsgA in the PUSCH of MsgA via MAC CE or UCI. The gNB then shall respond MsgB to the UEs with high latency requirement and large transmission time of MsgA in priority.


FIG 4 An illustration of case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants.
Observation7: In the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, the gNB shall determine the priority of the MsgB responses.
Propsal7: It is suggested to FFS the details on how to determine the priority of the MsgB responses at gNB side.
Conclusions
In this contribution, we have presented our further considerations on the issues relevant to the 2-step RACH procedures based on the reached agreements and the offline feature lead in last meeting. Observations and proposals include:

Observation1: HARQ mechanism for the initial transmission and retransmissions of PUSCH can improve the PUSCH transmission reliability.
Proposal1: It is suggested to apply HARQ mechanism to the PUSCH transmission and set the RNTI generated with the position of RO and preamble ID associated with previous PUSCH for the retransmission of PUSCH in case of success preamble detection and failed PUSCH detection in a MsgA.

Observation2: The combination of Msg2-like MsgB, Msg4-like MsgB, and Msg2 are determined by the configuration of 2-step RACH parameters and CORESETs/SS for MsgB and Msg2 detection.
Proposal2: At least support the combination of Msg2-like MsgB and Msg4-like MsgB within one MAC PDU responding to the UEs in groupcast manner, to reduce the detection complexity at the UE side.

Observation3: UL grant might not be necessary in the Msg2-like RAR for MsgA PUSCH retransmission if the retransmission is carried out in a non-adaptive way or the UL grant is chosen from the configured PRUs. 
Proposal3: FFS the MsgA retransmission mode, i.e., adaptive or non-adaptive retransmission mode and FFS the resource position of UL grant for MsgA PUSCH retransmission. 

Observation4: The format and content size of Msg4-like RAR shall be studied mainly in RAN2 and the problem of ACK feedback to Msg4-like RAR can be solved either in RAN2 or RAN1. 
Probosal4: For RAN1, solve the problem of ACK feedback to Msg4-like RAR in cooperation with RAN2.

Observation5: For the time-domain, frequency-domain, and preamble-domain configuration for 2-step RACH, we can add new indications in the RACH-ConfigGeneric to use orthogonal ROs or separate preambles compared to 4-step RACH. 
Proposal5: New indications in the RACH-ConfigGeneric are added to indicate the time-domain, frequency-domain, and preamble-domain configuration for 2-step RACH. 

Proposal6: It is suggested to configure a maximum transmission time for MsgA in 2-step RACH and adopt the above designed scheme of fallback from 2-step RACH to 4-step RACH. And the maximum transmission time shall be no greater than the configured maximum transmission time of preamble in the conventional 4-step RACH.

Observation7: In the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, the gNB shall determine the priority of the MsgB responses.
Propsal7: It is suggested to FFS the details on how to determine the priority of the MsgB responses at gNB side.
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