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At the RAN1#96 meeting, the following agreements were made regarding channel structure and procedures for 2-step RACH [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 the contribution, we discuss procedure for 2-step RACH, with primary focus on fall-back procedure, power control mechanism and message content and scheduling of MsgA and MsgB. Our view on channel structure of MsgA PUSCH is presented in our companion contribution [2].
Fall-back procedure 
As illustrated in Figure 1, in the first step of 2-step RACH procedure, UE transmits a PRACH preamble and associated MsgA PUSCH on a configured time and frequency resource, where MsgA PUSCH may carry at least equivalent contents of Msg3 in 4-step RACH [2]. Further, after successful detection of PRACH preamble and decoding of MsgA PUSCH, gNB transmits MsgB in the second step which may carry equivalent contents of Msg2 and Msg4 in 4-step RACH. 
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In the first step of 2-step RACH, typically multiplexing capacity of PRACH is much larger than that of PUSCH transmission. In this case, when multiple UEs initiate 2-step RACH procedure and transmit PUSCHs in a shared time and frequency resource simultaneously, it is likely that gNB may successfully detect PRACH preamble, but fail to decode PUSCH. 
To avoid retransmission of whole MsgA including both PRACH preamble and PUSCH, after successful detection of PRACH preamble, gNB may switch to conventional 4-step RACH procedure. For this fall-back mechanism, gNB and UE should maintain a common understanding of 2-step and 4-step RACH in each message. Towards this end,
· UE may be configured with independent PRACH resource for 2-step RACH. In this case, after successful detection of PRACH preamble in the first step, gNB can identify whether this is targeted for 2-step or 4-step RACH. This can also help differentiate the legacy UEs and UEs who support 2-step RACH procedure. 
· After switching from 2-step to 4-step RACH in the second step, gNB should inform the decision to the UE. Implicit or explicit indication in L1 or MAC layer may be employed to allow the UE to identify whether the subsequent steps should follow 2-step or 4-step RACH.  
As agreed in the RAN1#96 meeting, three options were identified for the relation of PRACH resources between 2-step and 4-step RACH as follows [1]:
· 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 mentioned above, to allow gNB to differentiate the 2-step and 4-step RACH and hence enable fall-back mechanism, Option 1 with separate ROs or Option 2 with shared RO but separate preambles can be supported. For Option 3, when shared PRACH resources are allocated for both 2-step and 4-step RACH, gNB may need to perform blind decoding of MsgA PUSCH so as to identify whether the first step is targeted for 2-step or 4-step RACH. This would certainly increase gNB complexity and may result in misunderstanding between gNB and UE. Hence, in our view, Option 3 is not supported for the relation of PRACH resources between 2-step and 4-step RACH.
Proposal 1
· For the relation of PRACH resources between 2-step and 4-step RACH, Option 1 (separate ROs) and Option 2 (shared RO but separate preambles) are supported. 

As mentioned above, in the second step, indication in L1 or MAC layer can be used to inform to UE whether the message is for 2-step or 4-step RACH. For L1 indication, either a new RA-RNTI dedicated for 2-step RACH or reinterpretation of reserved field in DCI format 1_0 for scheduling RAR can be specified. This mechanism, however, may limit the possibility of multiplexing of RAR of 2-step and 4-step RACH in a single PDSCH transmission. More specifically, a RAR PDU cannot multiplex RAR for 2-step RACH and RAR for 4-step RACH for fallback to 4-step RACH case or UE which initiates 4-step RACH. 
Alternative option is to employ the indication in the MAC layer, where a reserved bit in RAR message can be reinterpreted to indicate whether corresponding RAR message is intended for 2-step or 4-step RACH, i.e., whether the UL grant provided in RAR is valid for fallback to 4-step RACH. 
Proposal 2
· Indication in MAC layer can be used to differentiate RAR for 2-step or 4-step RACH.

Power control mechanism
At the RAN1#96 meeting, it was agreed that at least open loop power control for PUSCH transmission in MsgA should be supported for 2-step RACH [1]. For open loop power control mechanism, transmit power of MsgA PUSCH can be determined based on transmit power of associated PRACH transmission, transmission bandwidth difference between PRACH and MsgA PUSCH, and a configured power offset. This simple mechanism can also apply for the retransmission of MsgA. In particular, when power ramping is applied for PRACH retransmission in 2-step RACH, the power offset can be additionally included for retransmission of MsgA PUSCH. 
Note that transmission power of MsgA PUSCH can be given by

Where  denotes the maximum transmission power;  and  are the subcarrier spacing factor for MsgA PUSCH and associated PRACH, respectively;  and   are the bandwidth for MsgA PUSCH and associated PRACH, respectively;  is the transmission power for associated PRACH;  is the power offset configured by RMSI. 
Further, for DC or CA, a UE may transmit multiple uplink signals from different CCs. In case when total transmission power for those uplink signals exceeds the total transmission power, UE may apply power reduction according to certain priority order to ensure that the total transmission power is less than or equal to maximum transmission power. In particular, PRACH transmission on the PCell is defined as the highest priority among all uplink signals. For 2-step RACH, same mechanism can be applied for the transmission of MsgA PUSCH when UE performs the transmission power reduction, i.e., MsgA PUSCH should have same priority as associated PRACH.
Proposal 3
· Transmission power of MsgA PUSCH can be determined based on transmission power of associated PRACH transmission, transmission bandwidth difference between PRACH and MsgA PUSCH, and a configured power offset.  
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  

Message content and scheduling of MsgA and MsgB
Message content of MsgA
Depending on triggers for 2-step RACH, message contents for MsgA and MsgB may be different. If all triggers for 4-step RACH are applicable for 2-step RACH, e.g., initial access from RRC_IDLE state, transition from RRC_INACTIVE state, handover, etc., the following content may be carried by MsgA PUSCH [4]: 
· RRCSetupRequest
· RRCResumeRequest
· RRCReestablishmentRequest
· RRCSystemInfoRequest
· MAC CE (i.e. C-RNTI MAC CE, BSR)
Further, according to WID scope, user data can be carried for 2-step RACH for RRC_CONNECTED UEs [3]. This may be possible when a larger physical resource in time and frequency is allocated or a higher MCS is applied for MsgA PUSCH transmission. Typically, this is applicable to the UEs who are located close to gNB and link budget for these UEs may be sufficient for MsgA PUSCH. 
When MsgA PUSCH overlaps with PUCCH carrying HARQ-ACK or CSI report in a PUCCH group, it may be desirable to piggyback UCI on MsgA PUSCH. However, this may also depend on whether the resource allocated for MsgA PUSCH is sufficient or whether UE is in RRC_CONNECTED state. 
As described in our companion contribution, PRACH resource partitioning may be employed to indicate the MCS or TBS for the associated MsgA PUSCH transmission [2]. This mechanism, however, may introduce adverse impact on the legacy 4-step RACH operations due to limited PRACH resources, especially when the number of supported MCS or TBS for 2-step RACH is relatively large. To address this issue, it may be desirable to embed UCI on MsgA PUSCH transmission, where the UCI may be used to indicate the MCS or TBS of corresponding MsgA PUSCH transmission. 
Proposal 4
· UCI on MsgA PUSCH is supported.
· FFS the UCI content. 

Message content and scheduling of MsgB
For MsgB, equivalent contents of Msg2 and Msg4 in 4-step RACH can be included. More specifically, as described in [5], the following message contents may be carried by MsgB:
· RRCSetup
· RRCResume
· RRCReestablishment
· Contention resolution message, which may include S-TMSI, C-RNTI, etc.
· Timing advance
· UL grant for subsequent uplink transmission.
For the transmission of MsgB, either L1 or MAC based multiplexing can be considered, which depends on whether Msg2 and Msg4 are multiplexed in a single or two MAC PDUs. More specifically, two options may be considered as follows:
· Option 1: Msg2 and Msg4 are multiplexed in a single MAC PDU and transmitted in a single PDSCH
· Option 2: Msg2 and Msg4 are multiplexed in two MAC PDUs and transmitted in separate PDSCHs. 
As shown in Figure 2, for Option 2, RAR in MsgB of 2-step RACH and RAR of 4-step RACH may be multiplexed in a single PDSCH. Given that C-RNTI or TC-RNTI is indicated in the RAR, gNB can subsequently schedule Msg4 in a separate PDSCH via PDCCH using signaled C-RNTI or TC-RNTI. 
This mechanism is similar to 4-step RACH and may be beneficial in term of minimizing RAN2 specification impact. Further, as TC-RNTI or C-RNTI is informed to the UE, HARQ retransmission can be employed for PDSCH carrying Msg4, which can help improve link budget of Msg4 transmission. It should be noted that for the Option 1, where Msg2 and Msg4 for multiple UEs are multiplexed and transmitted in a same PDSCH, HARQ retransmission is not possible and hence performance may not be reliable. 
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[bookmark: _Ref274460]Figure 2. Scheduling of MsgB for 2-step RACH: Option 2
Proposal 5
· Msg2 and Msg4 in MsgB are scheduled in separate PDSCHs for 2-step RACH. 

Conclusions
In this contribution, we discussed the procedure for 2-step RACH, with primary focus on fall-back procedure, power control mechanism and message content and scheduling of MsgA and MsgB. Further, we summarize the proposals as follows:
Proposal 1
· For the relation of PRACH resources between 2-step and 4-step RACH, Option 1 (separate ROs) and Option 2 (shared RO but separate preambles) are supported. 
Proposal 2
· Indication in MAC layer can be used to differentiate RAR for 2-step or 4-step RACH.
Proposal 3
· Transmission power of MsgA PUSCH can be determined based on transmission power of associated PRACH transmission, transmission bandwidth difference between PRACH and MsgA PUSCH, and a configured power offset.  
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  
Proposal 4
· UCI on MsgA PUSCH is supported.
· FFS the UCI content. 
Proposal 5
· Msg2 and Msg4 in MsgB are scheduled in separate PDSCHs for 2-step RACH. 
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