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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the past RAN1 meetings, some agreements have been achieved on 2-step RACH procedure, as summarized in the Appendix. In this contribution, we will provide further discussion on 2-step RACH procedure, including transmission of MsgA, reception of MsgB, beam operation, and other issues for 2-step RACH procedure. 
[bookmark: _Ref129681832]Transmission of MsgA
In 2-step RACH, MsgA consists of PRACH preamble and PUSCH payload. In our companion contribution [3], the channel structure of MsgA has been discussed. This contribution focuses on the procedure related issues for the transmission of MsgA.
RACH Type Selection
As discussed in [4], 2-step RACH has the potential to reduce the access latency and signaling overhead. However, the benefits of 2-step RACH over 4-step RACH may depend on the payload size, RACH configuration, latency requirement, etc. Therefore, how to select RACH type should be studied. 
Selection Procedure
During the RACH procedure, there can be two options for RACH type selection: 
· Option 1: UE selects the RACH type during the initialization of RACH procedure. With this option, the operation is similar to the UL/SUL selection during RACH procedure. The RACH type will be the same for retransmission (except for potential fallback from 2-step RACH and 4-step RACH). 
· Option 2: UE selects the RACH type during the RACH resource selection. With the option, the operation is similar to SSB selection during RACH procedure, and the SSB selection and RACH type selection can be coupled. The RACH type can be different during retransmission. For example, UE selects 2-step RACH for the first attempt, but selects 4-step RACH for the second attempt. 
Selection Criteria
From RAN2’s agreements [5], 2-step RACH selections can be based on indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE/IDLE states, and whether radio quality is used for 2-step RACH selection is for further study. 
If a UE is flexible to select either 2-step or 4-step RACH based on upper layer parameters, a radio quality criterion can be further defined for RACH type selection. However, a selection rule only based on radio quality criterion may not be good enough. In Figure 1, we give two examples for RACH type selection. 
One example is shown in Figure 1(a), where 2-step and 4-step RACH have separate ROs in slot #7 and #3, respectively. Assume both ROs have good radio quality. If a trigger event arrives at slot #1, then the UE needs to select the RACH type. If latency is considered for RACH type selection, the UE may select 4-step RACH starting at slot #3 or select 2-step RACH starting at slot #7. The overall latency can depend on the processing time of gNB and UE, and it can be up to the UE to select the RACH type.
Another example is shown in Figure 1(b), where 2-step and 4-step RACH share the ROs in slot #3 and #7. Assume the associated beam (beam #1) for the RO in slot #3 is weaker than that (beam #2) in slot #7, and based on the radio quality, the UE can transmit MsgA PUSCH reliably in slot #7, but not in slot #3. Similarly, the UE may select 4-step RACH starting in slot #3 or 2-step RACH starting in slot #7. It can be up to the UE to decide which RACH type is better.
Observation 1: Latency reduction as one of the main benefits of 2-step RACH compared to traditional RACH is not guaranteed if the RACH type selection is only based on the radio quality. 
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	(a). Separate ROs for 2-step and 4-step
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	(b). Shared ROs for 2-step and 4-step


Figure 1. Examples for RACH type selection
As there can be multiple potential criteria for RACH type selection, e.g., latency, radio quality, overload factor, or other upper layer parameters, it is hard to define a simple and clear procedure for RACH type selection. It would be preferred that the RACH type selection is up to UE implementation, and the network can broadcast some related information to help. 
Proposal 1: RACH type selection may be triggered during either the initialization of RACH procedure or RACH resource selection, which can be further studied in RAN2. The determination of RACH type can be up to the UE implementation.  
Resource Configuration for PRACH
It has been agreed that 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
RO Configuration
Some details of PRACH configuration need to be further clarified. In 4-step RACH, time/frequency resources of ROs are determined by the RO configuration tables and higher layer parameters: prach-ConfigurationIndex, msg1-FDM, and msg1-FrequencyStart. The RO configuration tables can be reused for the configuration of 2-step RACH. For higher layer parameters, it can be different for Option 1 and Option 2. For Option 1, it should be clarified that whether the separate ROs of 2-step and 4-step RACH are configured with the same or separate higher layer parameters. As shown in Figure 1, the time-domain resources of ROs are determined by prach-ConfigurationIndex. If single prach-ConfigurationIndex value is configured for 2-step and 4-step RACH, the ROs for 2-step RACH can be indicated by bitmap-based signaling. In this case, as the legacy UEs will regard all the configured ROs as 4-step RACH ROs, there can be ambiguity between 2-step and 4-step RACH from gNB’s point of view. If two prach-ConfigurationIndex values are configured for 2-step and 4-step RACH, respectively, there will be no ambiguity problem. Therefore, the high layer parameters should be separately configured for 2-step and 4-step RACH. For Option 2, it is reasonable to have the same higher layer parameters for 2-step and 4-step RACH since all the ROs are shared.
Proposal 2: To configure separate ROs for 2-step and 4-step RACH, the RO configuration tables in Rel-15 can be reused, and higher layer parameters for RO configuration should be separate.
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(a). prach-ConfigurationIndex=19 for 2-step and 4-step
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(b). prach-ConfigurationIndex=19 for 2-step, prach-ConfigurationIndex=21 for 4-step
Figure 2. Example of PRACH configuration for 2-step and 4-step RACH

Preamble Configuration
In 4-step RACH, the mapping between SSB and preambles for CBRA is done by associating a number of preambles to each SSB, for each SSB, the associated preambles number for CBRA per PRACH occasion is determined by higher layer parameters: ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If a serving cell is configured with contention free random access, the associated SSB is determined by higher layer parameters: CFRA-SSB-resource, which includes the parameter ssb indicating the ID of an SSB and ra-PreambleIndex indicating the associated preambles indices for CFRA. An example of preamble configuration in 4-step RACH is shown in Figure 3.
 
Figure 3. Example of preamble indices configuration for 4-step RACH
[bookmark: _Hlk7641360]For Option 1, the way of preamble configuration can be the same as 4-step RACH, and the SSB to preamble mapping for 2-step RACH can be independent from that of 4-step RACH. 
[bookmark: _Toc7820996]Proposal 3: When separate ROs are configured for the 2-step RACH, the SSB to preamble mapping for 2-step can be independent from that of 4-step RACH. 
For Option 2, different sets of preambles will be used for 2-step RACH and 4-step RACH. A set of the preambles to be used for 2-step RA and how they’re mapped to SSBs should be determined considering both the signaling overhead and the effect on the preamble usage in 4-step RACH.
As an example shown in Figure 4, the total number of preambles per PRACH occasion is 64, the associated preambles per PRACH occasion are divided into 3 sets. In the example, the number of CBRA preambles configured for 4-step RACH per SSB per PRACH occasion is 4, the number of preambles configured for 2-step RACH per SSB per PRACH occasion is 4, and the preamble indices for 2-step RACH start from the end of the preamble indices for 4-step RACH in each associated SSB, the rest of preambles are for CFRA. In this case, the gNB should avoid using these preambles configured for 2-step RACH for Rel-15 CFRA. This can be done via network implementation.
 
Figure 4. Example of preamble indices configuration for 2-step RACH and 4-step RACH
Proposal 4: When the 2-step RACH shares the same ROs with 4-step RACH, the preamble indices for 2-step RACH start from the end of the preamble indices for 4-step RACH in each associated SSB. 

Power Control of MsgA
In general, the power control of MsgA can follow the power control principle of 4-step RACH. In RAN1 #97, some agreements for power control of MsgA PUSCH have been achieved. In this section, we will provide further discussion on the power control of PRACH in MsgA and the power ramping of MsgA.
Power Control of MsgA PRACH
In 4-step RACH, the transmit power of PRACH is given by 	
.
Similarly, the transmit power of PRACH in 2-step RACH can be related to the following power control parameters: preamble received target power, power ramping step size, and pathloss compensation factor. For the configuration of power control parameters, the following two options have been discussed:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· Option 2: Corresponding power control parameters of 2-step RACH preamble follows that of 4-step RACH preamble.
For Option 1, gNB can flexibly configure the power control parameters so that the preamble detection performance of 2-step RACH can be different from that of 4-step RACH, but more signaling overhead is needed.  For Option 2, the received power level of PRACH preambles will be the same, i.e., the preamble detection performance will be the same.
How to determine the power control parameters for PRACH preambles can depend on whether the ROs are separate or shared between 2-step and 4-step RACH. If shared ROs are configured for 2-step and 4-step RACH, the preamble detection can be coupled between 2-step and 4-step RACH. As shown in Figure 5, when there is power offset between preambles in the same RO, the preamble detection performance can degrade much. More details of the evaluation results can be found in [4]. Therefore, power control parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
Observation 2: When there is power offset between preambles in the same RO, the preamble detection performance will degrade much.
Proposal 5: When 2-step and 4-step RACH share the ROs, power control parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
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	(a). Format 0, TDLA-30ns, 1T2R
	(b). Format A1, TDLA-30ns, 1T2R


Figure 5. Preamble detection performance with power offsets between 2-step and 4-step
In the case of separate ROs, the power control parameters can be separately configured for 2-step and 4-step RACH, and follow that of 4-step RACH can be an option if some power control parameters are not configured for 2-step RACH. If power control parameters are separately configured, one offset value between parameters of 2-step RACH and corresponding parameters of 4-step RACH can be configured. For example, the preamble received target power is  and  for 2-step and 4-step RACH, respectively. Since  and  will usually not differ much in the same cell, the offset value between them should have smaller range than the value itself. Therefore,  instead of  can be configured, and the signaling overhead can be reduced. 
Proposal 6: The offset values between power control parameters in 2-step RACH and corresponding parameters in 4-step RACH can be configured, when dedicated RO is configured for 2-step RACH.
Power Ramping of MsgA
 In RAN1 #97, for the power ramping issues, three alternatives are further study and down select:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
· Alt2: 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
When MsgA is retransmitted, power ramping can be applied for both PRACH and PUSCH to improve the reliability. If the power ramping value is too low, there will be more retransmissions and the latency will be higher. If the power ramping value is too high, the interference to other transmissions can be high. The power ramping value depends on the power ramping step size and the power ramping counter. The configuration of power ramping step size and power ramping counter can be related to whether the ROs are shared between 2-step and 4-step RACH.
For 2-step RACH, the relation between the power ramping of PRACH and PUSCH should be considered. Given the reliability requirements of PRACH and PUSCH, the power difference between PRACH and PUSCH can be fixed. If reliability requirements are the same for initial transmission and retransmissions of MsgA, the power difference of PRACH and PUSCH should be the same, and the power ramping value of PUSCH should the same as that of PRACH. Otherwise, if reliability requirements are different for initial transmission and retransmissions of MsgA, the power ramping of PUSCH can be different from that of PRACH. 
Observation 3: The relation between the power ramping of PUSCH and PRACH can be related to the reliability requirements.
Proposal 7: For the power ramping of MsgA, separate ramp up for MsgA PUSCH and MsgA PRACH can be considered.

Retransmission of MsgA
There can be two cases for retransmission of MsgA: 
· Case 1: PRACH not decoded;
· Case 2: PRACH detected and PUSCH not decoded.
For Case 1, retransmission of MsgA or PRACH can be considered. For contention-based random access, gNB cannot distinguish the initial transmission and retransmissions, thus no HARQ combinations can be considered here. The maximum number of MsgA or PRACH transmission can be configured, and if the number of MsgA or PRACH transmission reaches the maximum number, UE can indicate a random access problem to upper layers. For each retransmission of MsgA, the associated SSB/CSI-RS and preamble index can be re-selected. If multiple payload sizes are supported, the payload size can also be re-selected.
Proposal 8: If the PRACH of MsgA is not detected, the following options can be supported: 
· Retransmission of MsgA
· Retransmission of PRACH
For Case 2, retransmission of MsgA or PUSCH can be considered. If the PRACH is detected, the UE will receive MsgB from gNB. If the MsgB contains the preamble index of MsgA and associated UL grant, the UE can retransmit the PUSCH or start a new transmission based on the UL grant.  The PUSCH scheduled by the UL grant can be a retransmission or new transmission. If the TB size is different from that of MsgA, it can be a new transmission. If the MsgB contains the preamble index of MsgA and the associated contention resolution ID (CRID), but the CRID does not match with the UE ID, the UE should retransmit the MsgA. 
Proposal 9: If the PRACH of MsgA is detected but the associated PUSCH is not decoded, the following options can be supported:
· Retransmission of MsgA
· Retransmission of PUSCH
· New transmission of PUSCH

Reception of MsgB
In 2-step RACH, MsgB contains the response message to MsgA, which is to include the equivalent contents of Msg2 and Msg4 of 4-step RACH.
Contents and Transmission of MsgB
There can be two cases for receiving MsgB: 
· Case 1: PRACH detected and PUSCH not decoded;
· Case 2: PRACH detected and PUSCH decoded.
Therefore, MsgB includes response to PRACH only (for Case 1), or response to both PRACH and PUSCH (for Case 2). According to the discussion in RAN2, the response for Case 1 is referred to as FallbackRAR, and the response for Case 2 is referred to as SuccessRAR.
For Case 1, the contents of MsgB are Msg2-like, which should contain preamble index, UL grant, TC-RNTI, and TA command. The Msg2-like contents of multiple UEs can be multiplexed together, as in 4-step RACH. 
For Case 2, the contents of MsgB are Msg4-like, which should contain contention resolution ID (CRID) as in Msg4 of 4-step RACH. In 4-step RACH, gNB can also transmit RRC messages (e.g. RRC connection (re-)setup, RRC (re-)configurations, etc.) in Msg4, which can reduce overall latency. Similarly in 2-step RACH, RRC messages can also be transmitted along with the CRID. The combination of CRID and RRC messages can be referred to as Msg4-like content. If RRC messages are transmitted in separate message from the CRID, the overall latency and receiver complexity can be higher.
Observation 4: Transmitting RRC messages and CRID in the same PDSCH can reduce the overall latency and receiver complexity.
Besides CRID and RRC messages, other fields in MsgB for Case 2 can include: PUCCH resource information, TA command, C-RNTI, and UL grant. The PUCCH resource information is to indicate the PUCCH resource carrying HARQ-ACK in response to receiving the contention resolution, and it can be transmitted in either the PDCCH scheduling MsgB or MsgB payload. Other fields are included in MsgB to facilitate further UL/DL transmission: the TA command is to update the UL timing, the C-RNTI is used for further UL/DL transmission if the UE is in idle or inactive state, and the UL grant is used to schedule UL transmission. 
Proposal 10: If PRACH detected and PUSCH is successfully decoded, the content of MsgB can include contention resolution ID, RRC messages, PUCCH resource indication, TA command, C-RNTI, and UL grant.  
For Case 2, the transmission of MsgB can have two options: 
· Option 1: MsgB of multiple UEs multiplexed in the same PDSCH  
· Option 2: MsgB of single UE in each PDSCH 
For Option 1, the message is more like the RAR, and the format of MAC subPDUs will be different from that of current RAR. As the PDSCH will be transmitted to a group of UEs, the payload size will not be large. Therefore, RRC messages may be transmitted separately from the MsgB, which can introduce additional latency and receiver complexity. Based on the latency analysis in [4], if the RRC messages are transmitted separately, the latency of 2-step RACH will be close to that of 4-step RACH. For Option 2, the message is more like the Msg4, and RRC messages can be transmitted along with CRID. If gNB can decode MsgA PUSCH from multiple UEs, there will be multiple PDSCH transmissions containing the CRID. Mechanism to identify the PDCCH/PDSCH for each UE should be studied. The PDCCH can be scrambled by TC-RNTI, which is related to the CRID or preamble index.
Proposal 11: If PRACH is detected and PUSCH is successfully decoded, further study the options for transmission of MsgB:
· MsgB of multiple UEs multiplexed in the same PDSCH
· MsgB of single UE in each PDSCH

Time Window for MsgB Reception
From RAN2’s agreements achieved in #106 meeting, the UE will monitor for response message using the single MsgB agreed window, which means that the MsgB reception window is defined as one time window. However, the starting point of MsgB reception window has no conclusion yet. 
In 4-step RACH, the RAR window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, and at least one symbol after the last symbol of PRACH occasion corresponding to the PRACH transmission. Similar rule can be applied for 2-step RACH, and the reference point is related to the options of MsgB reception window. 
Proposal 12: In 2-step RACH, the time window for MsgB reception should start at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, and at least one symbol after the last symbol of MsgA PUSCH.
The length of MsgB reception window can follow that of time windows in 4-step RACH. Taking into the processing delay of PUSCH, an offset between the MsgB reception window and time windows in 4-step RACH can also be configured. The length of time window in 2-step RACH can also be separately configured.
Proposal 13: In 2-step RACH, study following options for the length of MsgB reception window: 
· Option1: the length of RAR window in 4-step RACH
· Option2: the length of contention resolution window in 4-step RACH 
· Option3: configured offset + the length of RAR window in 4-step RACH
· Option4: configured offset + the length of contention resolution window in 4-step RACH
· Option5: separately configured from 4-step RACH

RNTI for MsgB reception
For the two cases of receiving MsgB in Section 3.1, the contents of MsgB can be either Msg2-like content for case1 response or Msg4-like content for case2 response. It would be preferred that if UEs can distinguish the MsgB for 2-step RACH from the Msg2 for 4-step RACH, and also different MsgB contents. 
As in 4-step RACH, Msg2 can be scheduled by PDCCH scrambled by RA-RNTI, and the RA-RNTI value is determined by the time/frequency resource of the corresponding RO. If shared ROs is configured for 2-step RACH and 4-step RACH, to distinguish the response to 2-step RACH from that to 4-step RACH, either the RA-RNTI is different, or separate CORESET and/or search space should be configured. 
In 4-step RACH, Msg4 is scheduled by PDCCH scrambled by C-RNTI or TC-RNTI. For 2-step RACH, there can be three options for the PDCCH scheduling the Msg4-like content:
Option 1: PDCCH scrambled by RA-RNTI, which is determined by the time/frequency resource of the corresponding RO. To distinguish the Msg2-like content and Msg4-like content, reserved bits in the DCI can be applied to indicate the contents of corresponding PDSCH. Msg4-like content from multiple UEs can be multiplexed in the same message.
Option 2: PDCCH scrambled by C-RNTI. If C-RNTI is transmitted in MsgA payload, then the Msg4-like content can be scheduled by PDCCH scrambled by the C-RNTI. 
Option 3: PDCCH scrambled by TC-RNTI. If CCCH is transmitted in MsgA payload, the Msg4-like content can be scheduled by PDCCH scrambled by TC-RNTI. The TC-RNTI value can be generated with the corresponding contention resolution ID and/or preamble index. A set of TC-RNTI values can be predefined or preconfigured for the MsgB transmission, so that the RNTI collision with other transmissions can be reduced.
Proposal 14: RA-RNTI, C-RNTI and TC-RNTI can be considered to scramble the PDCCH for scheduling MsgB in 2-step RACH.

HARQ for MsgB reception
As in 4-step RACH, the HARQ operation for Msg4-like content can be supported in 2-step RACH. gNB will indicate the PUCCH resource for the transmission HARQ-ACK of MsgB in either PDCCH or PDSCH. If the HARQ-ACK of MsgB is not received, gNB can decide whether to retransmit the Msg4-like content, i.e., SuccessRAR. 
For Msg2-like content, as the MsgB of multiple UEs can be transmitted in the same PDSCH, HARQ operation is not supported.
Proposal 15: For Msg4-like content, PUCCH resource for HARQ-ACK can be indicated in either PDCCH or PDSCH.

UE Behavior after Receiving MsgB
For 2-step RACH, if no MsgB is detected, this implies preamble detection fails at the gNB side, so MsgA or PRACH retransmission is reasonable.
On the other hand, if only response to preamble is detected, then the UE can transmit one PUSCH according to the UL grant in MsgB, similar to the Msg3 transmission in 4-step RACH. This can be regarded as fallback to 4-step RACH. There can also be other options. For example, UE may retransmit MsgA or start a new 4-step RACH procedure. However, these may increase the energy consumption of UE as well as latency, and the specification impact can be larger than the UL grant in MsgB. As there is initial PUSCH transmission in MsgA, then UL grant in MsgB can indicate one new PUSCH transmission or re-transmission for initial PUSCH. The information received in the initial transmission may be used for combining to enhance the reliability of PUSCH.
Proposal 16: Retransmission of MsgA or PUSCH indicated by MsgB can be supported. 
Proposal 17: Fallback to 4-step RACH indicated by RAR should be supported.
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Figure 6. UE behavior comparison between MsgB and Msg2/4 reception 

Beam Operation in 2-step RACH  
For transmit beam selection, the following options have been discussed: 
· 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.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
In 4-step RACH, the transmit beam selection for PRACH is up to UE implementation. If the UE has beam correspondence, UE may select the transmit beam based on the associated SSB/CSI-RS, otherwise the UE may adjust the transmit beam based on feedback from gNB. In 2-step RACH, the transmit beam selection for PRACH and PUSCH should also be up to UE implementation. It would be preferred that PRACH and PUSCH use the same transmit beam. If different transmit beams are applied, the timing advance of PRACH and PUSCH can be different, then the PUSCH decoding performance can degrade.  
Proposal 18:  The MsgA PRACH and MsgA PUSCH use the same transmit spatial filter. 

Other Issues for 2-step RACH Procedure
During the RACH procedure, if the gNB does not receive the preamble or collision happens, the RAR reception or contention resolution may not be successful. From UE perspective considering the current RACH procedure is not successful, there can be two options:
Option A: continue the current procedure with possible switching between RACH types;
Option B: initialize another RACH procedure till one of the RACH procedures is successfully completed 
Switching between 2-step and 4-step
In this option, the UE needs to re-select the RACH resource and retransmit the preamble for 4-step RACH or MsgA for 2-step RACH. If the UE select a RACH resource with different RACH type from that of the previous RACH resource, there will be switching between 2-step and 4-step RACH.
For the switching between 2-step and 4-step RACH, there can be following options as shown in Figure 6:
· Option 1: Both switching from 2-step to 4-step and switching from 4-step to 2-step allowed;
· Option 2: Switching from 2-step to 4-step allowed, and switching from 4-step to 2-step not allowed;
· Option 3: Switching from 2-step to 4-step not allowed, and switching from 4-step to 2-step allowed;
· Option 4: Both switching from 2-step to 4-step and switching from 4-step to 2-step not allowed;
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Figure 6.  Switching cases between 2-step and 4-step RACH
The switching between 2-step to 4-step RACH can be based on predefined rule or signaling by network. If the switching is not allowed, the UE will perform the random access by one RACH type during the whole RACH procedure, until the maximum number of preamble or MsgA transmission is reached. Since the relative position of ROs and radio quality may change, the best RACH type may also change during the random access procedure. Therefore, switching between 2-step and 4-step RACH may be beneficial. 
In the above discussion, we only consider the case that when UE can decide the RAR reception or contention resolution is not successful, i.e., the reception time window expire. Whether UE can switch the RACH type during reception time window can be further studied. 
Observation 5: It can be beneficial in some cases to support switching between 2-step and 4-step RACH.
Simultaneous RACH operation without switching
As discussed above, the latency benefits expected by 2-step RACH may not be stable even after the RACH procedure is initialized. In many cases, there is possibility that 2-step RACH needs to fallback to 4-step RACH, due to potential reliability degradation of MsgA transmission, or change of channel/radio condition and change of number of accessing UEs during RAR/MsgB window. 
In LTE or Rel-15 NR, there is only RACH operation at a given time instance. If the UE MAC can keep two RACH procedures ongoing for some time, there may be benefits that the UE can more frequently initialize another RACH operation based on its instant channel conditions, e.g. beam or SSB with better quality, without waiting for a response from gNB and fallback/proceed the RACH procedure after processing the response. 
From UE point of view, triggering two RACH procedures does not really complicate the UE processing or increase the UE complexity, as the UE has been designed to support both types of RACH, and transmission of preamble in 4-step and MsgA in 2-step RACH can be independent, up to UE selection. From network point of view, as there is no identification yet for the UE, the network does not need to know whether two preambles detected are for the same UE or not. The network only needs to response each successfully detected message, either Msg1 or MsgA. This helps UE to access with maximum possible latency reduction. 
Observation 6: It can also be beneficial in some cases to support simultaneous RACH operations.
Since the above is also related to UE MAC behavior, we have
Proposal 19: Further study in which case a UE switches RACH procedures between 2-step to 4-step RA, or initialize another RACH procedure.
· Send LS to RAN2 to ask the feasibility of the above two options. 

Conclusions
In this contribution, we discussed the 2-step RACH procedure related issues. Based on the discussions above, we have the following observations and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Latency reduction as one of the main benefits of 2-step RACH compared to traditional RACH is not guaranteed if the RACH type selection is only based on the radio quality. 
Observation 2: When there is power offset between preambles in the same RO, the preamble detection performance will degrade much.
Observation 3: The relation between the power ramping of PUSCH and PRACH can be related to the reliability requirements.
Observation 4: Transmitting RRC messages and CRID in the same PDSCH can reduce the overall latency and receiver complexity.
Observation 5: It can be beneficial in some cases to support switching between 2-step and 4-step RACH.
Observation 6: It can also be beneficial in some cases to support simultaneous RACH operations.

Proposal 1: RACH type selection may be triggered during either the initialization of RACH procedure or RACH resource selection, which can be further studied in RAN2. The determination of RACH type can be up to the UE implementation.  
Proposal 2: To configure separate ROs for 2-step and 4-step RACH, the RO configuration tables in Rel-15 can be reused, and higher layer parameters for RO configuration should be separate.
Proposal 3: When separate ROs are configured for the 2-step RACH, the SSB to preamble mapping for 2-step can be independent from that of 4-step RACH. 
Proposal 4: When the 2-step RACH shares the same ROs with 4-step RACH, the preamble indices for 2-step RACH start from the end of the preamble indices for 4-step RACH in each associated SSB. 
Proposal 5: When 2-step and 4-step RACH share the ROs, power control parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
Proposal 6: The offset values between power control parameters in 2-step RACH and corresponding parameters in 4-step RACH can be configured, when dedicated RO is configured for 2-step RACH.
Proposal 7: For the power ramping of MsgA, separate ramp up for MsgA PUSCH and MsgA PRACH can be considered.
Proposal 8: If the PRACH of MsgA is not detected, the following options can be supported: 
· Retransmission of MsgA
· Retransmission of PRACH
Proposal 9: If the PRACH of MsgA is detected but the associated PUSCH is not decoded, the following options can be supported:
· Retransmission of MsgA
· Retransmission of PUSCH
· New transmission of PUSCH
Proposal 10: If PRACH detected and PUSCH is successfully decoded, the content of MsgB can include contention resolution ID, RRC messages, PUCCH resource indication, TA command, C-RNTI, and UL grant.  
Proposal 11: If PRACH is detected and PUSCH is successfully decoded, further study the options for transmission of MsgB:
· MsgB of multiple UEs multiplexed in the same PDSCH
· MsgB of single UE in each PDSCH
Proposal 12: In 2-step RACH, the time window for MsgB reception should start at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, and at least one symbol after the last symbol of MsgA PUSCH.
Proposal 13: In 2-step RACH, study following options for the length of MsgB reception window: 
· Option1: the length of RAR window in 4-step RACH
· Option2: the length of contention resolution window in 4-step RACH 
· Option3: configured offset + the length of RAR window in 4-step RACH
· Option4: configured offset + the length of contention resolution window in 4-step RACH
· Option5: separately configured from 4-step RACH
Proposal 14: RA-RNTI, C-RNTI and TC-RNTI can be considered to scramble the PDCCH for scheduling MsgB in 2-step RACH.
Proposal 15: For Msg4-like content, PUCCH resource for HARQ-ACK can be indicated in either PDCCH or PDSCH.
Proposal 16: Retransmission of MsgA or PUSCH indicated by MsgB can be supported. 
Proposal 17: Fallback to 4-step RACH indicated by RAR should be supported.
Proposal 18:  The MsgA PRACH and MsgA PUSCH use the same transmit spatial filter. 
Proposal 19: Further study in which case a UE switches RACH procedures between 2-step to 4-step RA, or initialize another RACH procedure.
· Send LS to RAN2 to ask the feasibility of the above two options. 
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Appendix
Agreements in RAN1#96:
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
· 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
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH
Agreements in RAN1#97: 
Agreements:
MsgA shall support all the preamble formats specified for NR release 15.
Agreements:
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:
· 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.
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