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Introduction
In last meeting in RAN1#96, a bunch of agreements in aspect of physical structure and procedure for 2-step RACH have been reached as follows[1]:
	Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
· Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)
· FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS
Agreements:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
· Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the 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
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH

Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH
Agreements:
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH




In this contribution, we will present our further considerations on the relationship between 2-step and 4-step RACH resources and its impact on the fallback procedure and MsgB content design. Observations and proposals are provided according to the discussions.
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Impact on MsgB Design
In last meeting in RAN1#96, for the relationship between 2-step RACH and 4-step RACH resources, it is agreed to further study 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
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
As to the fallback from 2-step RACH and 4-step RACH in case of preamble detection success and PUSCH decoding fail, possible schemes in the offline summary include:
· OptionA: Start a msg3 transmission
· OptionB: Start msgA retransmission and may fall back after certain times of re-attempt of 2-step RACH
· OptionC: Start a new 4-step RACH procedure
· OptionD:Retransmit PUSCH and use HARQ
In our observations, for OptionB/C/D, it might need a new MAC subPDU format for MsgB which is Msg2-like with part of content of conventional RAR, such as only the TA information is included in MsgB for re-attempt RACH. Also, the conventional RAR can be reused for Msg2-like MsgB and the exclusive information can be set empty. 

However, the feasibility of possible fallback schemes in case of successful preamble detection while with failed payload detection is in the determination of relationship between 2-step RACH and 4-step RACH resources. And with different schemes, the MAC PDU design for Msg2-like MsgB is impacted. 
We summary our observations in the following TABLE1.
TABLE 1 Relationship between RACH ROs and options for fallback schemes and its impact on Msg2-like MsgB design
	Relationship between 2-step RACH and 4-step RACH resources.
	Possible options for fall back schemes in case of preamble detection success and PUSCH decoding fail
	Impact on the MAC PDU design for Msg2-like MsgB

	Option 1: Separate ROs are configured for 2-step and 4-step RACH
	OptionA/B/C/D are supportable and the fallback depends on the measurements on ROs of 2-step RACH and 4-step RACH.
	· Msg2-like MsgB for 2-step RACH response and Msg2 for 4-step RACH are scrambled with different RA-RNT and they would not be bundled as one message (MAC PDU).
· A new MAC subPDU format for Msg2-like MsgB might be needed for OptionB/C/D.

	Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
	OptionA/B/C/D are supportable and the fallback depends on the measurements on ROs of 2-step RACH and 4-step RACH.
	· Msg2-like MsgB for 2-step RACH response and Msg2 for 4-step RACH might be scrambled with the same RA-RNTI and they might be bundled as one message (MAC PDU).
· A new MAC subPDU format for Msg2-like MsgB might be needed for OptionB/C/D.

	Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
	Only OptionA is supportable since the 2-step RACH user will regard the response for 4-step RACH user with the same preamble ID as its own. 
	· Msg2-like MsgB for 2-step RACH response and Msg2 for 4-step RACH might be scrambled with the same RA-RNTI and they might be bundled as one message (MAC PDU).
· Msg2-like MsgB reuse the same MAC PDU format of RAR.



Observation1: The feasibility of possible fallback schemes in case of preamble detection success and PUSCH decoding fail is related to the relationship between 2-step RACH and 4-step RACH resources. And the MAC PDU design for Msg2-like MsgB is impacted accordingly.
Proposal1: FFS the fallback schemes taking the consideration of relationship between 2-step RACH and 4-step RACH resources.
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FIG 1 Illustration of MAC PDU format bundling with Msg2-like MsgB for 2-step users and Msg2 for 4-step RACH users.
Observation2: In case that Msg2-like MsgB with new subPDU format and conventional Msg2 are bundled in one MAC PDU, reservation bits might be exploited to distinguish the associated subPDU format types and two backoff indicators might be included in the MAC PDU. 
Proposal2: FFS the MAC PDU format when to bundle the Msg2-like MsgB and conventional Msg2 together.

Fallback Scheme 
Generally, for the fallback scheme with 2-step RACH re-attempt, it shall further consider the MsgA retransmission strategy. For example, the retransmission would be adaptive or non-adaptive and the backoff indicator for 2-step RACH would be adopted or not. In the adaptive retransmission, the RO for MsgA retransmission might be different with the one used in the last transmission. In the non-adaptive retransmission, the same RO would be reused for MsgA retransmission. Since the RO used for MsgA transmission is not associated UE specific ID, the gNB might not recognize the MsgA retransmission by the same UE except the gNB allocates a TC-RNTI for MsgA retransmission and informs the UE of RO used for MsgA retransmission in case of preamble detection success and PUSCH decoding fail or UCI with PUSCH is adopted. And when the gNB is configured to recognize the MsgA retransmission in case of preamble detection success and PUSCH decoding fail, the PUSCH only retransmission and the corresponding HARQ (OptionD) are then supportable. 
Observation3: For 2-step RACH re-attempt, it shall further consider the MsgA retransmission strategy with details about the configuration of adaptive or non-adaptive retransmission, backoff indicator and possible HARQ for PUSCH.
Proposal3: FFS the details for the MsgA retransmission strategy.

In this contribution, we further 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 configuations. 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 the configured maximum transmission time of MsgA shall not be greater than the configured maximum transmission time of preamble in the conventional 4-step RACH.
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 a part of Msg2 without the UL grant for Msg3 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.
Proposal4: 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.
In addition, in the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, 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.
Observation4: In the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, then the gNB shall determine the priority of the MsgB responses.
Propsal5: It is suggested to support including the transmission time of MsgA in the PUSCH of MsgA to enable the gNB to respond MsgB to the UEs with high latency requirement and large transmission time of MsgA in priority.

Conclusions
In this contribution, we have present our further considerations on the relationship between 2-step and 4-step RACH resources and its impact on the fallback procedure and MsgB content design. We put forward the following observations and proposals: 
Observation1: The feasibility of possible fallback schemes in case of preamble detection success and PUSCH decoding fail is related to the relationship between 2-step RACH and 4-step RACH resources. And the MAC PDU design for Msg2-like MsgB is impacted accordingly.
Proposal1: FFS the fallback schemes taking the consideration of relationship between 2-step RACH and 4-step RACH resources.

Observation2: In case that Msg2-like MsgB with new subPDU format and conventional Msg2 are bundled in one MAC PDU, reservation bits might be exploited to distinguish the associated subPDU format types and two backoff indicators might be included in the MAC PDU. 
Proposal2: FFS the MAC PDU format when to bundle the Msg2-like MsgB and conventional Msg2 together.

Observation3: For 2-step RACH re-attempt, it shall further consider the MsgA retransmission strategy with details about the configuration of adaptive or non-adaptive retransmission, backoff indicator and possible HARQ for PUSCH.
Proposal3: FFS the details for the MsgA retransmission strategy.

Proposal4: 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.

Observation4: In the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, then the gNB shall determine the priority of the MsgB responses.
Propsal5: It is suggested to support including the transmission time of MsgA in the PUSCH of MsgA to enable the gNB to respond MsgB to the UEs with high latency requirement and large transmission time of MsgA in priority.
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