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[bookmark: _Ref506539118]Introduction
At the RAN1#97 meeting, the following agreements and conclusion were made regarding procedures for 2-step RACH [1]:
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.
Conclusion:
In the reply LS to the RAN2 on power ramping, 
· Include the agreements right above, and
· Mention that RAN1 discussed the suspension of power ramping counter when retransmitting MsgA, and if MsgA preamble is associated with a different SSB than the latest MsgA preamble transmission. The suspension of the power ramping counter for this scenario in case of 4-step RACH is described in the RAN2 specifications. It is up to RAN2 to agree on a similar behavior for 2-step RACH.
Agreements:
· The proposals in 5.2.6 of R1-1907900 is agreed

[bookmark: _Hlk8932679]During MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance  is , where

·  is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
· [Working Assumption] The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.
· FFS: cell-specific MsgA PUSCH alpha.
· For the downlink pathloss estimate for MsgA PUSCH power control, the UE uses the same RS resource index as that used for the corresponding MsgA PRACH
· The power ramping component is given by;

· Where,  is the requested ramp up from higher layers
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 
Agreements:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.

In the contribution, we discuss procedure for 2-step RACH, with primary focus on power control of MsgA PUSCH, and MsgA and MsgB related procedure. Our view on channel structure of MsgA PUSCH is presented in our companion contribution [2].
Power control of MsgA PUSCH
At the RAN1#97 meeting, transmission power control mechanism of MsgA PUSCH was agreed [1]. In addition, three options were considered for power ramping component in the transmission power equation:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
· 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
· 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
· 

For the retransmission of MsgA in 2-step RACH, both MsgA PRACH and PUSCH are retransmitted. Note that a balanced performance between MsgA PRACH detection and PUSCH decoding at gNB receiver can be achieved by configuring an appropriate power offset and applying a same Tx beam for MsgA PRACH and PUSCH. From system operation perspective, it may not be reasonable to assume the link level performance of one channel is much better than that of another channel, which would not be desirable in term of coverage imbalance between these two channels. In this regards, a same ramping step size and counter may be employed for both MsgA PRACH and PUSCH so as to maintain a balanced performance. 
For 2-step RACH, gNB may successfully detect PRACH preamble, but fail to decode PUSCH. In this case, gNB may switch to conventional 4-step RACH procedure and inform decision to the UE. For this fall back mechanism, UE may reuse the power ramping up for PRACH transmission for 4-step RACH from the MsgA PRACH in previous 2-step RACH. This may help in maintaining decent performance for PRACH detection after switching from 2-step to 4-step RACH. In other words, it is more desirable to consider the same power ramping counter for MsgA PRACH in 2-step RACH and PRACH in 4-step RACH. 
Proposal 1
· For transmission power of MsgA PUSCH in 2-step RACH,
· Same ramping step size and counter is applied for MsgA PRACH and PUSCH. 
· Same power ramping counter is applied for 2-step and 4-step RACH. 


Note that 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 2
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  

MsgA related procedure
Channel quality based RACH selection
As agreed in RAN2#106, 2-step RACH selections can be based on indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE/IDLE states. It is FFS if radio quality is used for 2-step RACH selection [4]. As presented in our companion contribution, it can be observed that MCL of MsgA PUSCH is typically smaller than that of MsgA PRACH [3]. For instance, MCL difference between PRACH format 0 and PUSCH carrying 56 bits can be up to ~7dB. This indicates that MsgA PUSCH is typically a bottleneck in coverage compared to MsgA PRACH for 2-step RACH. As the same PRACH format is reused in 2-step RACH, it is expected that overall coverage of MsgA in 2-step is reduced compared to that of PRACH in 4-step RACH. 
In this regard, it is more desirable to consider channel quality based criterion for the selection of 2-step and 4-step RACH. For cell edge UE with poor channel condition, it is more reasonable to initialize the RACH procedure with 4-step RACH. This is primarily due to the fact that if 2-step RACH is triggered, gNB may not be able to successfully decode MsgA PUSCH due to coverage limitation. Eventually, the UE would fall-back to 4-step RACH procedure after certain trials. This may not be beneficial in term of UE power consumption compared to initialization of RACH procedure directly with 4-step RACH. For cell center UE with good channel condition, however, it is more appropriate for the UE to initially trigger RA type with 2-step RACH so as to reduce latency. 
Note that channel quality based RACH type selection can be helpful to provide finer control on the amount of UEs using the 2-step RACH based on coverage for a RA trigger. Similar channel quality based criteria based on RSRP of the PRACH serving cell as the selection of the UL and SUL can be applied. 
Proposal 3
· Channel quality based criterion can be used for RACH type selection. 

Payload size during retransmission
At the RAN2#106 meeting, it was agreed that for msgA retransmission (i.e. preamble and PUSCH), it is assumed that the UE retries on 2-step RACH [4]. During the MsgA retransmission, it may not be desirable to update the payload of MsgA PUSCH transmission. The payload change may complicate the procedure on the selection of PUSCH occasion, power control mechanism, MsgA buffer management, etc. For instance, UE may need to select a different PUSCH configuration with larger resource if user data is appended in the MsgA PUSCH during retransmission. In this case, different power control offset may be applied for the transmission of MsgA PUSCH. To simplify the operation, same payload is used for MsgA PUSCH during MsgA retransmission. 
Similar mechanism can be applied for fall-back procedure. In particular, when gNB switches from 2-step to 4-step RACH and informs the decision to UE, TBS or payload size should remain unchanged for the transmission of MsgA PUSCH in 2-step RACH and Msg3 in 4-step RACH, which would help simplify the procedure and enable potential soft-combining at receiver. In this case, gNB should allocate the appropriate amount of resource in the UL grant in fallbackRAR in order to keep the same TBS. 
Proposal 4
· Same payload size is used for MsgA PUSCH during retransmission and fall-back. 

Tx beam selection
At the RAN1#96bis meeting, several options were identified for MsgA Tx beam selection as follows [5]:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
Among these options, option 3 may not work for RRC_IDLE mode UEs as gNB may not be able to control the Tx beam of MsgA PRACH and PUSCH. For option 2, when MsgA PRACH and PUSCH are transmitted continuously in a same slot, it may not be possible for UE to switch Tx beam in between due to beam switching time. Further, as mentioned above, under certain scenarios when PUSCH is located within associated PRACH transmission bandwidth, coherent decoding using PRACH based channel estimation is more desirable in order to support many to one mapping between preamble and PUSCH resource unit. Towards this end, same Tx beam for the transmission of PRACH preamble and MsgA PUSCH is needed to enable coherent decoding. 
When using a same Tx beam, PRACH and associated MsgA PUSCH in the first step of 2-step RACH are associated with a same SSB or CSI-RS resource if configured. For instance, for initial access, gNB can apply the same beam for PRACH detection and MsgA PUSCH decoding. In this case, same beam association rule between RACH occasion and SSB is defined for associated MsgA PUSCH occasion.
Proposal 5
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 

UCI on MsgA PUSCH
For UEs in RRC_CONNECTED modes, 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. For certain MsgA PUSCH occasion with relatively limited resource, UCI may not be multiplexed on MsgA PUSCH. Hence, an indication on whether UCI can be piggybacked on PUSCH can be configured per MsgA PUSCH configuration. 
As described in our companion contribution [2], PRACH resource partitioning may be employed to indicate the MCS or TBS for the associated MsgA PUSCH transmission. 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 6
· UCI on MsgA PUSCH is supported.
· FFS the UCI content. 

MsgB related procedure
As agreed in the RAN1#96bis meeting, Option 1 (separate ROs) and Option 2 (shared RO but separate preambles) are supported for the relation of PRACH resources between 2-step and 4-step RACH [5], which allows gNB to identify whether the PRACH preamble is targeted for 2-step or 4-step RACH. 
When separate ROs are configured for 2-step and 4-step RACH, RA-RNTI may be utilized to allow UE to differentiate whether the subsequent message is targeted for MsgB for 2-step and RAR for 4-step RACH, if the existing RA-RNTI calculation is reused for 2-step RACH. However, this approach may have some issues in case when shared RO is used for 2-step and 4-step RACH. 
As agreed in in the RAN2#106 meeting, MsgB containing the successRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU [4]. This may imply that indication in the MAC layer may not be used to differentiate whether the subsequent message is targeted for 2-step or 4-step RACH. In this case, L1 indication needs to be defined to allow UE to differentiate the 2-step and 4-step RACH. More specifically, the following options can be considered: 
· Option 1: reinterpretation of reserved field in DCI format 1_0 for scheduling RAR
· Option 2: a dedicated RA-RNTI for 2-step RACH
· Option 3: a dedicated CORESET or search space for PDCCH monitoring for scheduling MsgB for 2-step RACH
Among these options, Option 3 may impose certain restrictions on PDCCH for scheduling RAR for 4-step and MsgB for 2-step RACH. In particular, gNB may need to ensure the search spaces for these PDCCHs are non-overlapping in order to avoid ambiguity at UE receiver. For Option 2, a dedicated RA-RNTI for 2-step RACH can also allow UE to differentiate RAR for 4-step and MsgB for 2-step RACH. However, as the RNTI values are limited, this option may introduce adverse impact on the system operation. For instance, if similar equation for 4-step RACH is specified for the calculation of RNTI for 2-step RACH, the RNTI space for both 2-step and 4-step RACH is doubled. In this case, gNB may not have sufficient values to allocate for other RNTIs, e.g., C-RNTI, CS-RNTI, etc. 
In our view, Option 1 may be more desirable to identify message for 2-step and 4-step RACH. In particular, a reserved bit in DCI can be reinterpreted to indicate whether corresponding message is intended for 2-step or 4-step RACH. This straightforward approach can also help minimize specification impact and simplify implementation effort. 
Proposal 7
· Reserved bit in DCI can be used to differentiate RAR for 4-step and MsgB for 2-step RACH.

Conclusions
In this contribution, we discussed the procedure for 2-step RACH, with primary focus on power control of MsgA PUSCH, and MsgA and MsgB related procedure. Further, we summarize the proposals as follows:
Proposal 1
· For transmission power of MsgA PUSCH in 2-step RACH,
· Same ramping step size and counter is applied for MsgA PRACH and PUSCH. 
· Same power ramping counter is applied for 2-step and 4-step RACH. 
Proposal 2
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  
Proposal 3
· Radio quality based criterion can be used for RACH type selection. 
Proposal 4
· Same payload size is used for MsgA PUSCH during retransmission and fall-back. 
Proposal 5
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 
Proposal 6
· UCI on MsgA PUSCH is supported.
· FFS the UCI content. 
Proposal 7
· Reserved bit in DCI can be used to differentiate RAR for 4-step and MsgB for 2-step RACH.
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