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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 [1]. 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
Resource Configuration for PRACH
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
In RAN1 #98 meeting, the following agreements have been achieved for PRACH configuration.Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.
Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.

For the shared RO case, all 4-step RACH ROs can be shared with 2-step RACH. There is no need to consider the case that only a subset of 4-step RACH ROs can be shared with 2-step RACH. This will not introduce additional benefits, but additional signalling is needed to indicate which ROs are shared and which ROs are not. On the other hand, from latency point of view, when all the ROs are shared between 2-step and 4-step, the waiting time will be minimized for 2-step RACH. As shown in Figure 1, if only parts of ROs are shared between 2-step RACH and 4-step RACH, it can increase the waiting time for some UEs.
Proposal 1: In the case of shared ROs, all the 4-step RACH ROs are shared with 2-step RACH. 
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[bookmark: _Ref20406749]Figure 1. Example of RO configuration
As there are 256 items for current 4-step RACH configuration tables, additional PRACH configuration for 2-step RACH may need to redesign the tables and related signaling. For Option 1, the ROs can be separately configured in frequency domain, time domain or both. Therefore, it is unnecessary to introduce additional PRACH configuration. 
Proposal 2: Additional PRACH configurations for 2-step RACH are not needed. 
In the case of separate ROs, it has been discussed that whether the preamble formats of 2-step RACH and 4-step RACH should be always the same. With the PRACH configuration table, the preamble format and the time domain resource are jointly selected based on the higher-layer parameter prachConfigurationIndex. Therefore, it will not introduce additional overhead to configure different preamble formats for 2-step RACH and 4-step RACH. It is up to gNB implementation to decide whether the preamble formats are the same or different, and there is no motivation to have any limitation on the configuration. 
Proposal 3: In the case of separate ROs, it is up to gNB implementation to decide whether the preamble formats of 2-step RACH and 4-step RACH are the same or different. 
RO Validation
In RAN1#98 meeting, the following agreements on the RO validation for 2-step RACH have been achieved.Agreements:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded

In the case of separate ROs, the 2-step RACH ROs can be configured with separate higher-layer parameters, such as prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart. If the 2-step RACH ROs overlap with 4-step RACH ROs, the detection performance will degrade much. If preamble sequences are the same, gNB cannot distinguish the 2-step RACH from 4-step RACH, and the complexity will increase much. Therefore, if 2-step RACH ROs overlap with 4-step ROs in time and frequency, the 2-step RACH ROs should become invalid. 
Proposal 4: In the case of separate ROs, if a 2-step RACH RO overlap with any 4-step RACH RO in time and frequency, the 2-step RACH RO becomes invalid.
SSB to RO mapping
In 4-step RACH, the SSB to RO mapping is defined by ssb-perRACH-OccasionAndCB-PreamblesPerSSB, which actually contains two parts: ssb-perRACH-Occasion, and CB-PreamblesPerSSB. 
In the case of shared ROs, 2-step RACH and 4-step RACH shall have the same ROs per SSB, so the ssb-perRACH-Occasion part can be reused. The number of contention-based preambles per SSB per RO can be different for 2-step RACH and 4-step RACH, so the CB-PreamblesPerSSB should be redefined for 2-step RACH. 
It has been agreed that 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB. As an example shown in Figure 2, 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, gNB should avoid using the preambles of 2-step RACH for CFRA. This can be done via network implementation.
Proposal 5: In the case of shared ROs, the ssb-perRACH-Occasion of 4-step RACH is reused for 2-step RACH, and the CB-PreamblesPerSSB should be separately configured for 2-step RACH.
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[bookmark: _Ref19952128]Figure 2. Example of preamble indices configuration for 2-step RACH and 4-step RACH
In the case of separate ROs, the SSB to RO mapping of 2-step RACH can be independent from that of 4-step RACH, i.e., both ssb-perRACH-Occasion and CB-PreamblesPerSSB should be separately configured for 2-step RACH. 
[bookmark: _Toc7820996]Proposal 6: In the case of separate ROs, both ssb-perRACH-Occasion and CB-PreamblesPerSSB should be separately configured for 2-step RACH. 
Power Control of MsgA
In general, the power control of MsgA can follow the power control principle of 4-step RACH. In the past RAN1 meetings, 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 3, 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 [3]. Therefore, power control parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
Observation 1: When there is power offset between preambles in the same RO, the preamble detection performance will degrade much.
Proposal 7: In the case of shared 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


[bookmark: _Ref19954322]Figure 3. 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 8: In the case of separate ROs, the offset values between power control parameters in 2-step RACH and corresponding parameters in 4-step RACH can be configured.
Power Ramping of MsgA
In RAN1 #97, it was agreed to further study the following alternatives for power ramping of MsgA:
· 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, as shown in Figure 4. 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. 
For initial transmission of MsgA, there can be a power offset between PRACH and PUSCH. This is because the required transmission power can be different, as shown in [3]. If the transmit power of PUSCH for initial transmission is already very high, it would be preferred that the power ramping step size of PUSCH is lower than that of PRACH, so that the interference to other transmissions can be lower. On the other hand, if latency is very critical, the power ramping step size of PUSCH can be higher than that of PRACH, so that the PUSCH decoding is more reliable than the initial transmission. Therefore, in order to control the transmission power of MsgA, separate power ramping step size for PRACH and PUSCH should be supported. 
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[bookmark: _Ref19956278]Figure 4. Power ramping of MsgA
For power ramping counter, there is already following agreements in RAN1#97.   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.

If PUSCH and PRACH always use the same beam, power ramping should be applied for both PUSCH and PRACH if the beam is the same as previous transmission. However, there can be other conditions for suspending power ramping counter. In 4-step RACH, if the UE transmits a PRACH with reduced power due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions, or due to power allocation in EN-DC or NE-DC operation, the power ramping counter will also be suspended. As in 2-step RACH, PRACH and PUSCH are likely to be transmitted in different slots, the power reduction can also be different. Therefore, separate power ramping counters for PRACH and PUSCH should be supported.
Proposal 9: For MsgA transmission, separate power ramping step size and power ramping counter for PRACH and PUSCH should be supported.
According to RAN2’s agreement, the UE will fallback to 4-step RACH if the random access procedure is not successfully completed even after transmitting the MsgA ‘N’ times [4]. In the case of fallback to 4-step RACH, how to apply the power ramping for PRACH should be considered. To simplify the specification impacts, the power ramping step size and power ramping counter of 2-step RACH should be reused for 4-step RACH, and there is no need to reset the value. 
Proposal 10: In the case of fallback to 4-step RACH after ‘N’ MsgA transmissions, the power ramping step size and counter of 2-step RACH should be reused for 4-step RACH. 
Power control of Msg3
It has been agreed that during MsgA PUSCH retransmissions, the transmission power in transmission occasion  is given by 

If PRACH is detected and PUSCH is not decoded successfully, the UE will receive FallbackRAR from the gNB. In this case, the UE will transmit Msg3 according to the UL grant in FallbackRAR. As in 4-step RACH, there is a TPC command for PUSCH in the UL grant. Therefore, the transmission power of Msg3 should be given by 

where the  is given by the TPC command for PUSCH. The transmission power will also be the initial value for following close loop power control.
Proposal 11: If FallbackRAR is received, the transmission power of Msg3 should be based on the last transmission power and TPC command of MsgA PUSCH in the FallbackRAR.
RACH Resource Selection
RACH Type Selection
In RAN2, there are already some discussion on the load balancing issue between 2-step RACH and 4-step RACH. If all the UEs are in good channel condition and select 2-step RACH, there can be congestion on 2-step RACH resources and the access latency will increase. On the other hand, even there is no collision, 2-step RACH will not always bring benefits in terms of access latency. In Figure 5, we give two examples for RACH type selection. 
One example is shown in Figure 5(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 only radio quality is used as the criterion for RACH type selection, the UE may select 2-step RACH starting at slot #7, the interval between the trigger arrival and the ROs of 2-step RACH may increase the overall access latency. 
Another example is shown in Figure 5(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 is obvious that if only radio quality is used for RACH type selection, the main benefits of 2-step RA in terms of latency reduction is not guaranteed. It is also important and makes practical sense that when UE decides, if not up to UE implementation, to perform 2-step RACH, latency should also be considered as one of the criteria. A simplest way seems to let UE compare the delay assumed by 4-step RACH, and if the time gap from that 4-step RO to the 2-step RO with satisfied RSRP is too large, the UE shall not chose 2-step RA procedure.
Observation 2: 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. 
Proposal 12: Besides the radio quality, latency should also be considered for RACH type selection.
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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


[bookmark: _Ref20406810]Figure 5. Examples for RACH type selection
BWP Operation
If the UE is in RRC_CONNECTED state, multiple UL BWPs may be configured. On each UL BWP, there can be four options for RACH configuration:
· Option 1: both 4-step and 2-step RACH configured
· Option 2: No RACH configuration
· Option 3: only 2-step RACH configured
· Option 4: only 4-step RACH configured
[image: ]
[bookmark: _Ref20407108]Figure 6. Example for RACH configuration
Current discussion of RACH type selection is only applied on Option 1. For other options, the RACH type selection can be related with BWP operations. As shown in Figure 6, if only 2-step RACH is configured in the active UL BWP and the RSRP is below the configured threshold, should the UE switch to the initial UL BWP and select 4-step RACH, or still select 2-step RACH on the active UL BWP? If the UE switch the BWP, it may introduce additional delay. If the UE always select 2-step RACH, the performance can be even worse than 4-step RACH.
Proposal 13: When only 2-step RACH is configured on the active UL BWP, the BWP operation should be considered jointly with RACH type selection.
Preamble and RO selection
For the TDD case, configured ROs and POs may not be always valid due to the TDD slot configuration or dynamic SFI indication. If some ROs become invalid, then the ROs and associated POs cannot be used for 2-step RACH. On the other hand, if some POs become invalid, then the POs and associated preambles or ROs cannot be used for 2-step RACH either. Therefore, the selection rule should be specified during the RACH resource selection. For example, when not all the POs are valid for UL transmission, the UE will only select the preambles or ROs associated with valid POs, as shown in Figure 7. 
Proposal 14: When not all the POs are valid for UL transmission, the UE will only select the preambles or ROs associated with valid POs. 
	[image: ]
	[image: ]

	(a)
	(b)


[bookmark: _Ref20728617][bookmark: _Ref20728612]Figure 7. Example of mapping between ROs and POs
Reception of MsgB
RAR Window 
In RAN2#106, the following agreements have been achieved on the RAR window for MsgB. 
Agreements
	12.	From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
	13.	The UE will monitor for response message using the single msgB agreed window
From RAN1 perspective, the starting point and the length of RAR window should be decided. 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 15: For 2-step RACH, the RAR window should start at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for scheduling MsgB, and at least one symbol after the last symbol of MsgA PUSCH.
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[bookmark: _Ref19976771]Figure 8. An example of the receiver for 2-step RACH
An example of the receiver for 2-step RACH is shown in Figure 8. The gNB need to detect both PRACH and PUSCH, and may also adjust the receiver time window if the timing offset is larger than CP. As more operations are needed, the processing delay of MsgA can be longer than that of Msg1 in 4-step RACH. Therefore, the length of RAR window, i.e., ra-ResponseWindow, should be longer than that of 4-step RACH. Currently, the maximum value for ra-ResponseWindow is 10ms, which can be further extended for 2-step RACH. If the RAR window length for 2-step RACH is longer than that of 4-step RACH, an offset between them can be configured, so that the value range can be extended and the signaling overhead can also be reduced. 
Proposal 16: An offset between RAR window lengths of 2-step RACH and 4-step RACH can be configured.  
Search Space and RNTI
There can be two cases for receiving MsgB: 
· Case 1: PRACH detected and PUSCH not decoded;
· Case 2: PRACH detected and PUSCH decoded.
According to the discussion in RAN2, the response for Case 1 is referred to as FallbackRAR, which is similar to the RAR in 4-step RACH, and the response for Case 2 is referred to as SuccessRAR, which is similar to Msg4 in 4-step RACH but TA command and C-RNTI will be included in additional to contention resolution ID. It has been agreed that SuccessRAR and FallbackRAR can be multiplexed in one PDSCH. 
The MsgB reception depends on the contents in MsgA. For MsgA with C-RNTI, if the response is SuccessRAR, it will be in the PDSCH scheduled by a PDCCH with CRC scrambled by C-RNTI. For the other cases, the response (either FallbackRAR or SuccessRAR) will be in the PDSCH scheduled by a PDCCH with CRC scrambled by msgB-RNTI, which is similar to Msg2 in 4-step RACH scheduled by a PDCCH with CRC scrambled by RA-RNTI.  Both the msgB-RNTI and the RA-RNTI should be calculated based on the time/frequency resource of PRACH occasions.
As 2-step RACH and 4-step RACH have different RAR format, it is preferred that the UE can distinguish MsgB from Msg2 by PDCCH monitoring, otherwise there will be unnecessary PDSCH decoding. There are different options to distinguish MsgB from Msg2 by PDCCH monitoring: 
· Option 1: Different search space;
· Option 2: Same search space, different PDCCH candidates;
· Option 3: Same search space, different RNTI;
Option 1 would be the cleanest way. The UEs in 2-step RACH will not detect the PDCCH scheduling Msg2, and the UEs in 4-step RACH will not detect the PDCCH scheduling MsgB. Option 2 is similar to Option 1, the search space is the same, but PDCCH candidates are different for 2-step RACH and 4-step RACH. As there are multiple PDCCH candidates for each CCE aggregation level, they can be divided into two parts for 2-step RACH and 4-step RACH, respectively. For both Option 1 and Option 2, the RNTI calculation can be the same as 4-step RACH.
For Option 3, the RNTI is used to distinguish MsgB from Msg2. As both 2-step RACH and 4-step RACH can be configured in a UL BWP, there can be RNTI collisions between msgB-RNTI and RA-RNTI, e.g., ROs are shared between 2-step RACH and 4-step RACH. One way to avoid the RNTI collision is to have different value range from RA-RNTI. However, since the length of monitoring window for 2-step RACH can be extended, the room left for msgB-RNTI may not be enough.
Proposal 17: If different RNTI is not supported, different search space or same search space but different PDCCH candidates can be considered to distinguish MsgB from Msg2.
HARQ Operation
In RAN2#107, the following agreement has been achieved. 
Agreements
=>  HARQ feedback for msgB would be needed from RAN2 point of view
As discussed above, the MsgB reception depends on the contents in MsgA. For MsgA with C-RNTI, the SuccessRAR is scheduled by PDCCH with CRC scrambled by C-RNTI, and the HARQ operation of MsgB can be the same as Rel-15 PDSCH. For the other cases, MsgB is scheduled by PDCCH with CRC scrambled by msgB-RNTI, and the HARQ operation is to be discussed in the following. 
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[bookmark: _Ref19980099]Figure 9. Example of PUCCH transmission after receiving SuccessRAR
As shown in Figure 9, after receiving SuccessRAR containing its contention resolution identity, the UE will transmit HARQ-ACK information in a PUCCH. The HARQ-ACK information should be ACK only. If the MsgB does not contain the SuccessRAR for the UE or the UE does not decode the MsgB successfully, the UE does not need to send NACK, as there may not be available PUCCH resource and the UE may receive another MsgB containing its contention resolution identity during the MsgB time window.
[bookmark: _GoBack]Proposal 18: The HARQ feedback for MsgB is ACK only, and sent by the UE receiving SuccessRAR containing its contention resolution identity.
In 4-step RACH, the resource and TPC command for PUCCH are indicated by PDCCH scheduling the Msg4. In 2-step RACH, as the SuccessRAR for multiple UEs may be multiplexed in one PDSCH, PUCCH resource indication and TPC command for PUCCH of multiple UEs need to be studied. In the email discussion of HARQ feedback for MsgB [5], the proposals for how to indicate the resource for PUCCH of multiple UEs can be summarized as the following options:
· Option 1: Indicated by DCI; 
· Option 2: First UE indicated by DCI, the other UEs indicated implicitly;
· Option 3: First UE indicated by DCI, the other UEs indicated by PDSCH;
· Option 4: All the UEs indicated by PDSCH;
For all the options, the TPC command for PUCCH should be considered. According to RAN2 discussion, there will be no UL grant in SuccessRAR, then the UEs cannot adjust the transmission power of PUCCH as in 4-step RACH. On the other hand, the TPC command for PUCCH is UE-specific, and the implicit method of Option 2 cannot be used. Therefore, the TPC command should be indicated either by DCI or PDSCH. 
In 4-step RACH, the PUCCH resource is indicated by two fields in DCI format 1_0: PUCCH resource indicator (3 bits) and PDSCH-to-HARQ feedback timing indicator (3 bits). All the above options can be considered for the PUCCH resource indication. For Option 1, the number of available DCI bits can be limited to support enough number of UEs. For Option 2, the implicit allocation of PUCCH resource may cause collision with other PUCCH transmission. Although signaling overhead can be reduced, the saving is limited compared with other parts of SuccessRAR and FallbackRAR. 
Option 3 and Option 4 are quite similar. For Option 3, the first SuccessRAR and the other SuccessRAR will have different formats. The overhead reduction can be limited by indicating the PUCCH information of first UE in DCI, compared with the length of other fields, i.e., contention resolution ID, TA command, and TC-RNTI. On the other hand, it would be preferred to have a uniform format of SuccessRAR. Therefore, Option 4 is preferred for the transmission of TPC command and resource indication of PUCCH. 
Proposal 19: The TPC command and resource for PUCCH containing HARQ feedback for MsgB is indicated by PDSCH of MsgB.
Granularity of TA Command
In RAN1 #96bis, there is following discussion on time advance command:Agreements:
Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where the granularity of the TA command is determined according to the following table.
Subcarrier Spacing (kHz) of the PUSCH 
Unit 
15
16*64 Tc
30
8*64 Tc
60
4*64 Tc
120
2*64 Tc
· Other options/variations are not precluded


As discussed in the previous RAN1 meeting, TA command is included in either FallbackRAR or SuccessRAR for 2-step RACH. If UE receives FallbackRAR, the retransmission of MsgA PUSCH scheduled by the RAR is triggered. If UE receives SuccessRAR, an ACK carried by PUCCH will be sent.  In 4-step RACH, the granularity of the time advance command is relative to the subcarrier spacing of the first uplink transmission from the UE after the reception of the random access response, as the first uplink transmission from the UE after the random access response will depend on the content of MsgB, the granularity of the time advance command will consider the following 3 options:
· Option1: The subcarrier spacing of MsgA PUSCH
· Option2: The subcarrier spacing of the first uplink transmission after the reception of MsgB
· Option3: The largest subcarrier spacing of both option1 and option2
Proposal 20:  The granularity of the time advance command should consider the following 3 options:
· Option1: The subcarrier spacing of MsgA PUSCH
· Option2: The subcarrier spacing of the first uplink transmission after the reception of MsgB
· Option3: The largest subcarrier spacing of both option1 and option2
Beam Operation in 2-step RACH  
For transmit beam selection, the following options have been discussed in RAN1#96bis: Agreements:
· For MsgA Tx beam selection further study at least the following options:
· 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 can 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 21:  The MsgA PRACH and MsgA PUSCH use the same transmit spatial filter. 
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: When there is power offset between preambles in the same RO, the preamble detection performance will degrade much.
Observation 2: 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. 

Proposal 1: In the case of shared ROs, all the 4-step RACH ROs are shared with 2-step RACH. 
Proposal 2: Additional PRACH configurations for 2-step RACH are not needed. 
Proposal 3: In the case of separate ROs, it is up to gNB implementation to decide whether the preamble formats of 2-step RACH and 4-step RACH are the same or different. 
Proposal 4: In the case of separate ROs, if a 2-step RACH RO overlap with any 4-step RACH RO in time and frequency, the 2-step RACH RO becomes invalid.
Proposal 5: In the case of shared ROs, the ssb-perRACH-Occasion of 4-step RACH is reused for 2-step RACH, and the CB-PreamblesPerSSB should be separately configured for 2-step RACH.
 Proposal 6: In the case of separate ROs, both ssb-perRACH-Occasion and CB-PreamblesPerSSB should be separately configured for 2-step RACH. 
Proposal 7: In the case of shared ROs, power control parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
Proposal 8: In the case of separate ROs, the offset values between power control parameters in 2-step RACH and corresponding parameters in 4-step RACH can be configured.
Proposal 9: For MsgA transmission, separate power ramping step size and power ramping counter for PRACH and PUSCH should be supported.
Proposal 10: In the case of fallback to 4-step RACH after ‘N’ MsgA transmissions, the power ramping step size and counter of 2-step RACH should be reused for 4-step RACH. 
Proposal 11: If FallbackRAR is received, the transmission power of Msg3 should be based on the last transmission power and TPC command of MsgA PUSCH in the FallbackRAR.
Proposal 12: Besides the radio quality, latency should also be considered for RACH type selection.
Proposal 13: When only 2-step RACH is configured on the active UL BWP, the BWP operation should be considered jointly with RACH type selection.
Proposal 14: When not all the POs are valid for UL transmission, the UE will only select the preambles or ROs associated with valid POs. 
Proposal 15: For 2-step RACH, the RAR window should start at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for scheduling MsgB, and at least one symbol after the last symbol of MsgA PUSCH.
Proposal 16: An offset between RAR window lengths of 2-step RACH and 4-step RACH can be configured.  
Proposal 17: If different RNTI is not supported, different search space or same search space but different PDCCH candidates can be considered to distinguish MsgB from Msg2.
Proposal 18: The HARQ feedback for MsgB is ACK only, and sent by the UE receiving SuccessRAR containing its contention resolution identity.
Proposal 19: The TPC command and resource for PUCCH containing HARQ feedback for MsgB is indicated by PDSCH of MsgB.
Proposal 20:  The granularity of the time advance command should consider the following 3 options:
· Option1: The subcarrier spacing of MsgA PUSCH
· Option2: The subcarrier spacing of the first uplink transmission after the reception of MsgB
· Option3: The largest subcarrier spacing of both option1 and option2
Proposal 21:  The MsgA PRACH and MsgA PUSCH use the same transmit spatial filter. 
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