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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 design issues on transmission of MsgA and reception of MsgB.
[bookmark: _Ref129681832]Transmission of MsgA
Resource Configuration for PRACH
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 1: 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.
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
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[bookmark: _Ref23947364]Figure 1. 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 1, 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? From RAN2 agreement, the 2-step RACH resources can be configured on a BWP where 4-step CBRA resources are not configured. In that case we will not have 4-step switch. However, if the UE always select 2-step RACH, the performance can be even worse than 4-step RACH.
Proposal 2: When only 2-step RACH is configured on the active UL BWP for a UE in RRC_CONNECTED state, the BWP operation e.g. BWP switching, should be considered jointly with RACH type selection.
As agreed in the previous RAN1 meetings, some parameters of 2-step RACH will follow that of 4-step RACH, i.e., preambleReceivedTargetPower, msg1-SubcarrierSpacing. If only 2-step RACH is configured on the active UL BWP, there is no referred parameters of 4-step RACH. To facilitate the BWP operation, some parameters can be separately configured for this BWP. If not configured, the parameters of 4-step RACH in initial active BWP can be reused.
Proposal 3: When only 2-step RACH is configured on the active UL BWP, preambleReceivedTargetPower and msg1-SubcarrierSpacing can be separately configured for 2-step RACH.
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 2(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 2(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 RACH 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 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. 
Proposal 4: 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 2. Examples for 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 3. 
Proposal 5: When not all the POs are valid for UL transmission, the UE will only select the preambles or ROs associated with valid POs. 
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[bookmark: _Ref20728617][bookmark: _Ref20728612]Figure 3. Example of mapping between ROs and POs
Power Control of MsgA
Power Reduction Priority
In RAN1#98bis, the following agreements on the power reduction priority have been achieved:
	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



In RAN2#107bis, there are some related agreements:
Agreements:
1. 2-step RACH resources can only be configured on SpCell
According to RAN2 agreements, there is no need to support MsgA in SCell. 
For power reduction priority of MsgA PUSCH, there can be two options. One is the same as PRACH, the other is the same as the PUSCH in Rel-15. In 4-step RACH, the priority of Msg3 follows that of normal PUSCH, and the priority of MsgA PUSCH can be the same. If the priority of MsgA PUSCH is the same as PRACH, i.e., higher priority than PUCCH transmission, which may have impact on the downlink transmission. On the other hand, if the PRACH is detected but MsgA PUSCH is not decoded, 2-step RACH can fallback to 4-step RACH. Therefore, the power reduction of MsgA PUSCH can be acceptable, and the priority of MsgA PUSCH should follow that of the PUSCH transmission in Rel-15. 
Proposal 6: MsgA is not supported in SCell in Rel-16.
Proposal 7: The power reduction priority of MsgA PUSCH should be the same as PUSCH transmission in Rel-15 in CA/DC.
Power Ramping of MsgA
The following agreements have been achieved on the power ramping of MsgA: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).
· 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.
· 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 MsgA PUSCH (to be discussed and decided in RAN1 #99)

As MsgA PRACH and MsgA PUSCH always use the same beam, power ramping should be applied if the beam is the same as previous MsgA 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. In 2-step RACH, no matter the power reduction priority, the power reduction of PRACH and PUSCH can be different. Therefore, separate power ramping counters for PRACH and PUSCH should be supported. If the UE transmits a PRACH or PUSCH with reduced power in a transmission occasion, Layer 1 may notify higher layers to suspend the corresponding power ramping counter of PRACH or PUSCH, respectively.
Proposal 8: For MsgA transmission, separate 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 [3]. 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 9: 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 of 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 in the UL grant of FallbackRAR. The transmission power will also be the initial value for following close loop power control.
Proposal 10: If FallbackRAR is received, the transmission power of Msg3 should be based on the last transmission power of MsgA PUSCH and TPC command in the UL grant of FallbackRAR.

Reception of MsgB
Content of FallbackRAR in MsgB
In RAN1 #98bis, there are the following agreements for the content of FallbackRAR:
	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”.



In RAN2 #107bis, the following agreements on the content of MsgB have been achieved:
	Agreement:
1. The fallbackRAR MAC subPDU is composed of 12-bit TA command, 16-bit TC-RNTI, 27-bit UL grant, and 6-bit RAPID. The RAPID is in the MAC subheader of fallbackRAR subPDU.
2. For NR 2-step RACH, the payload of fallbackRAR MAC subPDU should reuse msg2 RAR format.


In Rel-15, the UL grant carried in RAR for 4-step RACH contains the “csi request” field, which is reserved for now. To have a uniform design, the FallbackRAR in 2-step RACH should follow the format of RAR in 4-step RACH.
Proposal 11: The field of ‘csi requrest’ is included in FallbackRAR.
RAR Window 
In RAN1#98bis, the following agreements have been achieved on the RAR window for MsgB. 
	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.


From RAN1 perspective, the length of time window for MsgB should be larger than that for Msg2 in 4-step RACH.
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[bookmark: _Ref19976771]Figure 4. An example of the receiver for 2-step RACH
An example of the receiver for 2-step RACH is shown in Figure 4. 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 12: The offset between RAR window lengths of 2-step RACH and 4-step RACH can be configured.  
DCI Design of MsgB
As SuccessRAR and FallbackRAR can be multiplexed in MsgB, it is more like Msg2 transmission with RAR of one or multiple UEs in 4-step RACH. Therefore, the DCI format for MsgB should reuse the DCI format 1_0 scrambled by RA-RNTI, and at least including the following information: 

-	Frequency domain resource assignment – bits


-	 is the size of CORESET 0 if CORESET 0 is configured for the cell and  is the size of initial DL bandwidth part if CORESET 0 is not configured for the cell
-	Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	TB scaling – 2 bits as defined in Subclause 5.1.3.2 of [6, TS38.214]
[bookmark: _GoBack]-	Reserved bits – [16] bits
The RA-RNTI can be replaced by the msgB-RNTI, which will be further discussed in RAN2. 
Proposal 13: The DCI format for MsgB should reuse the DCI format 1_0 scrambled by RA-RNTI.
HARQ Operation
In RAN1 #98bis, there are the following agreements on the HARQ operation for msgB;
	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.



It is to be decided how to indicate the PUCCH resource index and time resource of one or multiple UEs with SuccessRAR in MsgB. 
One method is to indicate them implicitly. The possible solution is to indicate the resource index and time resource of the first UE in DCI, and the resource index and time resource of other UEs can be derived based on the order of SuccessRAR in MsgB. Although signaling overhead can be reduced, the saving is limited compared with other parts of SuccessRAR and FallbackRAR, e.g., contention resolution ID, TA command, and C-RNTI. Another issue is potential PUCCH collision with other UEs. As the PUCCH resource are shared by multiple UEs, if the PUCCH resource for MsgB HARQ-ACK is implicitly derived, there can be collision between PUCCH resources. As shown in Figure 5, the PUCCH resource of index 2 and 10 have been allocated to other UEs, e.g., for SR transmission. If there is 8 or more UEs with SuccessRAR in MsgB and the PUCCH resource are implicitly derived, there will be PUCCH collision between different UEs as shown in the figure.
Therefore, PUCCH resource index and time resource should be indicated in PDSCH of MsgB. The PUCCH resource index can be indicated by 3 bits of PUCCH resource indicator, and the PUCCH time resource can be indicated by 3 bits of PDSCH-to-HARQ_feedback timing indicator.
Proposal 14: For the HARQ-ACK transmission of MsgB, the PUCCH resource index and time resource are explicitly indicated by PDSCH of MsgB.
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[bookmark: _Ref23762931]Figure 5. Example of PUCCH collision for MsgB
Timing for HARQ-ACK Feedback
In RAN1 #98bis, the following agreements have been achieved:
	Agreements:
· For a MsgB downlink transmission with PDCCH addressed to a MsgB-RNTI, the HARQ-ACK response to the downlink transmission can include ACK.
· The UE is not expected to transmit the HARQ-ACK before the TA is applied.
· 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.


It has been agreed that the UE is not expected to transmit the PUCCH before the TA is applied. Assume the SuccessRAR is received in uplink slot , it is to be determined that when the UE should transmit the HARQ-ACK.





In Rel-15, for a timing advance command received on uplink slot , the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot  where ,  with details given in TS 38.213. On the other hand, if the PDSCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}.
If  is large than 8, the UE may not be able to transmit the PUCCH. On the other hand, the PUCCH resource can be limited if the values less than  cannot be used. To solve this problem, the PUCCH transmission can be in the slot of  as shown in Figure 6, where  is the first slot of applying TA adjustment and  is given by PDSCH-to-HARQ-timing-indicator.
Proposal 15: The timing for UE to transmit HARQ-ACK information should be in the slot of  , where  is the slot index of receiving MsgB,  is the first slot of applying TA adjustment and  is given by PDSCH-to-HARQ-timing-indicator.
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[bookmark: _Ref23958485]Figure 6. Timing of HARQ-ACK to SuccessRAR

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:
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. 
Proposal 1: 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 2: When only 2-step RACH is configured on the active UL BWP for a UE in RRC_CONNECTED state, the BWP operation e.g. BWP switching, should be considered jointly with RACH type selection.
Proposal 3: When only 2-step RACH is configured on the active UL BWP, preambleReceivedTargetPower and msg1-SubcarrierSpacing can be separately configured for 2-step RACH.
Proposal 4: Besides the radio quality, latency should also be considered for RACH type selection.
Proposal 5: When not all the POs are valid for UL transmission, the UE will only select the preambles or ROs associated with valid POs. 
Proposal 6: MsgA is not supported in SCell in Rel-16.
Proposal 7: The power reduction priority of MsgA PUSCH should be the same as PUSCH transmission in Rel-15 in CA/DC.
Proposal 8: For MsgA transmission, separate power ramping counter for PRACH and PUSCH should be supported.
Proposal 9: 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 10: If FallbackRAR is received, the transmission power of Msg3 should be based on the last transmission power of MsgA PUSCH and TPC command in the UL grant of FallbackRAR.
Proposal 11: The field of ‘csi requrest’ is included in FallbackRAR.
Proposal 12: The offset between RAR window lengths of 2-step RACH and 4-step RACH can be configured.  
Proposal 13: The DCI format for MsgB should reuse the DCI format 1_0 scrambled by RA-RNTI.
Proposal 14: For the HARQ-ACK transmission of MsgB, the PUCCH resource index and time resource are explicitly indicated by PDSCH of MsgB.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 15: The timing for UE to transmit HARQ-ACK information should be in the slot of  , where  is the slot index of receiving MsgB,  is the first slot of applying TA adjustment and  is given by PDSCH-to-HARQ-timing-indicator.
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