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At the RAN1#98bis meeting, the following agreements and working assumption were made regarding procedure for two-step RACH [1]:
Agreements:
The MsgB window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for MsgB, and at least one symbol after the last symbol of MsgA PUSCH.
Agreements:
For separately configured ROs, the 2-step RACH MsgA PRACH SCS is indicated by the corresponding 4-step RACH parameter (msg1-subcarrierSpacing).
Agreements:
Confirm the working assumption regarding the power component from the transport format TF(i) in the agreement from RAN1#97.
Agreements:
For the power component from pathloss compensation, PL(i), If the 2-step RACH alpha parameter is not configured, and the parameter msg3-alpha of 4-step RACH is not configured, alpha=1 is used for pathloss compensation.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH,  
· The powerRampingStep and preambleReceivedTargetPower for 2-step RACH are indicated by those for the 4-step RACH.
Agreements:
When the ROs are separately configured for 4-step RACH and 2-step RACH, the powerRampingStep for 2-step RACH and 4-step RACH can be separately configured.
· If the powerRampingStep for 2-step RACH is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.
When the ROs are separately configured for 4-step RACH and 2-step RACH, the preambleReceivedTargetPower for 2-step RACH is that of 4-step RACH.
Agreements:
For 4-step RACH and 2-step RACH with separately configured ROs, the preamble formats of 4-step RACH and 2-step RACH can be different. 
· Note: For each of the separate configuration, the configuration is cell-specfic. 
Agreements:
· [bookmark: _Hlk21597930]A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.
Agreements:
· For a MsgB downlink transmission with PDCCH addressed to a MsgB-RNTI, the HARQ-ACK response to the downlink transmission can include at least ACK.
· MsgB RNTI is at least group based
· FFS: whether MsgB-RNTI can be UE specific, pending RAN2’s decision
· FFS: Whether NACK should be transmitted and under what conditions.
· The UE is not expected to transmit the HARQ-ACK before the TA is applied.
Agreements:
· For a downlink PDSCH transmission with the corresponding PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI, the HARQ-ACK response to the downlink transmission can include at least ACK.
· FFS: Whether NACK should be transmitted and under what conditions.
Agreements:
· The above agreements are updated as follows:
· For a downlink PDSCH transmission with the corresponding PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI, the HARQ-ACK response to the downlink transmission can include ACK or NACK.
· In case of ACK, if downlink PDSCH includes TA MAC CE and the time alignment timer is not running, the UE is not expected to transmit the PUCCH before for the TA is applied.
· A UE can send a NACK only if it time alignment timer is running.
Agreements:
· For each UE, the TPC command of the PUCCH resource containing HARQ feedback for MsgB is indicated by PDSCH of MsgB when the corresponding PDCCH is scrambled by MsgB-RNTI.
· The TPC command is 2-bits
· FFS whether or not to have special handling for the first UE or when there is only one UE in the Msg B PDSCH
Agreements:
For MsgA Tx beam selection in the same MsgA transmission instance:
· The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Agreements:
For separately configured ROs, the parameter ssb-perRACH-OccasionAndCBPreamblesPerSSB configures the number of SSBs per RO, and number of contention-based preambles for each SSB. If this parameter is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.
Agreements:
For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.
Agreements:
For 2-step RACH in separate ROs, the following parameters (prach-RootSequenceIndex, zeroCorrelationZoneConfig, restrictedSetConfig), are separately configured for 2-step RACH. If absent, reuse the corresponding 4-step RACH parameters.
Agreements:
For 2-step RACH in separate ROs, the parameter totalNumberOfRA-Preambles can be separately configured. If the configuration is absent, all 64 preambles are available for 2-step RA.
Agreements:
· For CA/DC, MsgA PRACH in Pcell has the same power reduction priority as Msg1 PRACH in Pcell.
· FFS: Support of MsgA in Scell
· FFS: Power reduction priority for MsgA PUSCH
Agreements:
· For 2-step RACH, no new CORESET for MsgB is defined.
Agreements:
· (Working assumption) For the PDCCH associated with MsgB, MsgB is received on the ra-SearchSpace.
· In the reply LS to RAN2, adding “Up to RAN2 to decide whether or not to use RNTI to differentiate Msg 2 vs. Msg. B, for which RAN1 respectfully requests RAN2 to inform RAN1 the decision once made”. 
Agreements:
UEs in CONNECTED state use UE specific search space, or common search space to receive the PDCCH associated with MsgA response and with CRC scrambled by the C-RNTI.
Agreements:
· The UL grant in MsgB fallbackRAR for transmitting the MsgA PUSCH payload in a Msg3 follows the uplink grant content of the 4-step RAR.
· FFS: need for “csi request”.
Agreements:
For 2-step RACH, down-select from the two alternatives for PUCCH resource set for the MsgB HARQ-ACK
Alt1: For 2-step RACH uses the PUCCH resource set indicated by pucch-ResourceCommon.
· FFS: Whether and how to increase the number of resources in a PUCCH resource set.
Alt2: For 2-step RACH, a separate configuration indicates the PUCCH resource set, if absent use pucch-ResourceCommon.
Agreements:
For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, down-select the following alternatives:
· Alt1: PUCCH Resource Index is only signalled explicitly in the successRAR
· Number of bits used to indicate PUCCH resource index is [FFS 3 or 4] bits.
· Alt2: PUCCH Resource Index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in release 15 and UE-based implicit rule.
· FFS: Use 1-bit of reserved DAI instead of CCE start index.
· Alt3: PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and UE-based offset value indicated in the successRAR.
Agreements:
The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI down-select from the following alternatives:
· Alt1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.
· Alt2: A single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI
· Alt3: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly
· FFS: Implicit determination rule.
· Alt4: PDSCH-to-HARQ_feedback timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.
Agreements:
· Aperiodic CSI report is not included in MsgA

Further, the following agreement was made during email discussion.
Agreements:
· For 2-step RACH MsgB HARQ-ACK, reuse Rel-15 PUCCH resources based on pucch-ResourceCommon 
· No RRC impact
· No additional resources compared with Rel-15
Agreements:
· In case of shared ROs, a subset of ROs associated with the same SS/PBCH block index, within an SSB-RO mapping cycle, can be shared.
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
· Note that: msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321.
· Note: The number of ROs associated with the same SS/PBCH block index is given by ceiling(1/ ssb-perRACH-Occasion). The msgA-ssb-sharedROmaskindex is only configured when there are more than one ROs per SSB and shared by all the SSBs
· Note: Same SSBs are mapped to the shared RO for 2-step RACH and 4-step RACH.
· FFS: For NR-U, whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table (to be discussed and decided in RAN1#99)
· For the power ramping component of MsgA PUSCH, same RRC configured power ramping step size for MsgA PUSCH and MsgA PRACH. 
· FFS: Whether the power ramping counter is the same or not for MsgA PRACH and Msg PUSCH. (To be discussed and decided in RAN1#99)
In the contribution, we discuss remaining details of procedure for 2-step RACH, with primary focus on power control of MsgA PUSCH, and MsgA and MsgB related procedure. Our view on remaining details of channel structure for 2-step RACH is presented in our companion contribution [2].
Power control of MsgA PUSCH
Power ramping counter of MsgA
As agreed during the Email discussion, for the power ramping component of MsgA PUSCH, same RRC configured power ramping step size is applied for MsgA PUSCH and MsgA PRACH. It is for further study whether the power ramping counter is the same or not. 
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. Given that same ramping step size is applied for MsgA PRACH and PUSCH, similar design principle can be extended for the ramping counter. Hence, in our view, same ramping counter is 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 power ramping counter is applied for MsgA PRACH and PUSCH. 
· Same power ramping counter is applied for 2-step and 4-step RACH. 

Power reduction priority
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. 
Note that one of the motivations for supporting 2-step RACH is to reduce latency. This indicates that it is more appropriate to allow gNB to detect MsgA PRACH and decode PUSCH with relatively similar SNR target. As agreed in the RAN1#98bis meeting, MsgA PRACH in PCell has the same power reduction priority as Msg1 PRACH in PCell [1]. In order to maintain a decent performance for both MsgA PRACH and PUSCH, 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
Given the nature of contention based MsgA transmission, it may not be appropriate to piggyback UCI on MsgA PUSCH, especially when considering that some UEs multiplex UCI on MsgA PUSCH while other UE do not. In this case, receiver complexity at gNB side may be increased substantially for blind decoding in order to differentiate whether UCI is piggybacked for each PRU. Note that as agreed in the RAN1#98bis meeting, aperiodic CSI report is not included in MsgA [1]. To avoid excessive receiver complexity, same mechanism can be applied for other UCI including HARQ-ACK feedback. 
As illustrated in Figure 1, for RRC_CONNECTED state, when UE triggers 2-step RACH procedure and transmits MsgA PRACH and PUSCH in a PCell, the MsgA PUSCH transmission may overlap with PUCCH carrying UCI information in time. Note that for contention based 2-step RACH, UE follows DL timing for the transmission of MsgA PRACH and PUSCH, which indicates that MsgA PUSCH transmission may not align with the symbol boundary. 

[image: ]
[bookmark: _Ref23406907]Figure 1. Overlapping of MsgA PUSCH and PUCCH

As mentioned above, given the fact that UCI may not be piggybacked on MsgA PUSCH, certain dropping rule may need to be defined in order to handle the overlapping between MsgA PUSCH and PUCCH. As PUCCH may carry some critical information, e.g., HARQ-ACK feedback of DL transmission, and there is no retransmission mechanism for PUCCH, it is more preferable to drop MsgA PUSCH for 2-step RACH. In any case, when gNB successfully detects MsgA PRACH, it can initiate fall-back procedure and switch 2-step RACH to 4-step RACH. 
Proposal 3
· For RRC_CONNECTED state, when MsgA PUSCH overlaps with PUCCH, MsgA PUSCH is dropped. 

MsgB related procedure
PUCCH timing indicator
As agreed in the RAN1#98bis meeting, various options were identified for PUCCH timing indicator “PDSCH-to-HARQ_feedback timing indicator”, used for HARQ-ACK feedback of a UE who receives successRAR in MsgB with matched contention resolution ID [1]:
· Alt. 1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Alt. 2: A single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI
· Alt. 3: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly
· Alt. 4: PDSCH-to-HARQ_feedback timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.
Among these options, it is obvious that Alt. 1 can provide maximal flexibility on the PUCCH resource allocation in time. As agreed in the Email discussion, for 2-step RACH MsgB HARQ-ACK, reuse Rel-15 PUCCH resources based on pucch-ResourceCommon. This indicates that 16 PUCCH resources which are indicated by the cell specific parameter, pucch-ResourceCommon, are shared for the UEs who need to provide feedback of Msg. 4 in 4-step RACH and MsgB in 2-step RACH, as well as for the UEs who are not provided dedicated PUCCH resource set configuration. Given the limited number of PUCCH resources in a slot, it is more desirable to consider Alt. 1, i.e., to distribute the PUCCH resource in time as much as possible so as to alleviate the PUCCH resource congestion.
For Alt. 2, a single PUCCH resource timing indicator in MsgB DCI is most restrictive and may not resolve the PUCCH resource collision issue when multiple UEs receive the successRAR correctly in MsgB, especially considering the limited number of PUCCH resources in a slot as mentioned above. While implicit determination of PUCCH resource timing for Alt.3 may reduce the signalling overhead for PUCCH resource determination, it may not work well for certain TDD configurations, where PUCCH resource for carrying HARQ-ACK feedback may collide with DL transmission. 
Note that Alt. 4 provides certain trade-off between flexibility on PUCCH resource allocation in time and signalling overhead in DCI and successRAR. However, as agreed in the RAN2#10 meeting, 12-bit TA command, 16-bit C-RNTI and 48-bit UE Contention Resolution Identity are included in successRAR MAC subPDU [3]. Given that relatively large payload is already included in successRAR, it may not be worthy saving only 1 bit overhead in successRAR while sacrificing the flexibility on the PUCCH resource allocation in time domain, which in our view, is the most critical issue that need to be addressed for proper operation of 2-step RACH. 
Based on the discussions above, in our view, for a MsgB PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, 3-bit PDSCH-to-HARQ_feedback timing indicator for each UE is only signalled in the successRAR.
Proposal 4
· For a MsgB PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, 3-bit PDSCH-to-HARQ_feedback timing indicator for each UE is only signalled in the successRAR.

PUCCH resource determination in a slot
Regarding PUCCH resource determination in a slot for a MsgB PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, various options were identified as follows [1]:
· Alt. 1: PUCCH Resource Index is only signalled explicitly in the successRAR
· Alt. 2: PUCCH Resource Index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in release 15 and UE-based implicit rule.
· Alt. 3: PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and UE-based offset value indicated in the successRAR.
In Rel-15, for 4-step RACH, PUCCH resource carrying HARQ-ACK feedback of Msg4 is determined by starting CCE index and PRI in the DCI from a PUCCH resource set, which is configured by pucch-ResourceCommon. In particular, PUCCH resource index (), which is derived from the starting CCE index and PRI is used to determine a PUCCH resource from the 16 resources. 
For 2-step RACH, only for UE who successfully receives successRAR in MsgB with matched contention resolution ID, it needs to provide ACK feedback of MsgB. For UE who receives fallbackRAR in MsgB, UE does not need to provide HARQ-ACK feedback. In this regard, it is more desirable to indicate PUCCH resource explicitly in the successRAR only, which is similar to UL grant in fallbackRAR which can be used for MsgB response. 
Similar to PUCCH timing indicator “PDSCH-to-HARQ_feedback timing indicator”, 4 bits PUCCH resource index  would not substantially increase payload size of successRAR with/without RRC message, given that relatively large payload is already included in successRAR as agreed in RAN2. Meanwhile, it can provide maximal flexibility on the PUCCH resource indication from system perspective. For instance, compared to the option using 3 bits PRI in the MsgB PDSCH, this option can support up to 16 successRARs in MsgB and provide corresponding PUCCH resources for carrying HARQ-ACK feedback. 
Note that although Alt. 2 may help save signalling overhead, implicit rule may need to be carefully designed in order to avoid PUCCH resource collision, especially when considering the coexistence of 4-step RACH in the system where PUCCH resource set with 16 PUCCH resources are shared for 2-step and 4-step RACH, as well as for the UEs who are not provided dedicated PUCCH resource configuration. More specifically, in order to avoid PUCCH resource collision, it may pose certain restriction on the scheduler for the selection of CCE for scheduling Msg. 4 in 4-step RACH and PDSCH for the UEs who are not provided dedicated PUCCH resource configuration. In our view, this would introduce adverse impact on the legacy system. 
Among these options, similar to the Alt. 4 for PUCCH timing indicator, Alt. 3 may provide certain trade-off between flexibility on PUCCH resource allocation in a slot and signalling overhead in DCI and successRAR. However, it may not be worth saving 1 or 2 bits overhead given that relatively large payload is already included in successRAR. 
Based on the discussions above, in our view, for a MsgB PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, 4-bit PUCCH Resource Index for each UE is only signalled explicitly in the successRAR.
Proposal 5
· For a MsgB PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, 4-bit PUCCH Resource Index for each UE is only signalled explicitly in the successRAR. 

Conclusions
In this contribution, we discussed the remaining details of 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 power ramping 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
· For RRC_CONNECTED state, when MsgA PUSCH overlaps with PUCCH, MsgA PUSCH is dropped. 
Proposal 4
· For a MsgB PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, 3-bit PDSCH-to-HARQ_feedback timing indicator for each UE is only signalled in the successRAR.
Proposal 5
· For a MsgB PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, 4-bit PUCCH Resource Index for each UE is only signalled explicitly in the successRAR. 
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