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1. Introduction
In this document, we will discuss about remains of 2-step RACH procedure such as msgA preamble, msgA PUSCH, msgB, HARQ-ACK for msgB, power control and fall-back in details.
2. Discussion
2.1. msgA preamble 
2.1.1. RACH type selection between 2-step RACH and 4-step RACH
In RAN1#98 meeting, it was discussed that UE can select either 2-step or 4-step RACH before random access resource selection. Also, following were agreed:
	Agreements:
· If a single RACH type is to be selected and when a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criterion for determination of random access procedure type can be based on an SSB-based RSRP threshold.
· An SSB-based RSRP threshold can be optionally configured.
· If the threshold is configured, if and how the UE can decide on which RACH type to use when above the threshold. 
· FFS: Which SSB-based RSRP is used.
· This does not preclude any further criteria being defined by RAN1 and RAN2, including leaving the RACH type selection to UE implementation.
· It is up to RAN2 to decide whether a single RACH type is selected or both RACH types can be selected.


In 4-step RACH configuration, an RSRP threshold for the selection of the SSB (rsrp-ThresholdSSB) is configured. Likewise, it also should be applied for 2-step RACH. If the separated RSRP threshold is configured for 2-step RACH, this parameter might be merely used to indicate threshold of SSB for 2-step RACH. In addition, in our understanding, it seems that the parameter also can be used for other purposes such as RACH type selection. For example, when the parameter for 2-step RACH is larger than 4-step, UE can select RACH type according to the configured parameter. That is, the parameter represents not only threshold for selection of SSB but also threshold for selection between 2-step RACH and 4-step RACH as below:
· rsrp-ThresholdSSB for 2-step > rsrp-ThresholdSSB
· UE can select RACH type either 2-step RACH or 4-step RACH when measured RSRP of SSB is over than rsrp-ThresholdSSB for 2-step.
· UE has to try 4-step RACH when measured RSRP of SSB is smaller than rsrp-ThresholdSSB for 2-step.
· If the threshold of SSB for 2-step RACH is not configured, UE follows the threshold of SSB for 4-step RACH.
Observation 1: 
· The parameter of RSRP threshold for the selection of the SSB (rsrp-ThresholdSSB) also should be applied for 2-step RACH
· The parameter represents not only threshold for selection of SSB but also threshold for RACH type selection between 2-step RACH and 4-step RACH as below:
· rsrp-ThresholdSSB for 2-step > rsrp-ThresholdSSB:
· UE can select RACH type either 2-step RACH or 4-step RACH when measured RSRP of SSB is over than rsrp-ThresholdSSB for 2-step.
· UE has to try 4-step RACH when measured RSRP of SSB is smaller than rsrp-ThresholdSSB for 2-step.
· If the threshold of SSB for 2-step RACH is not configured, UE follows the threshold of SSB for 4-step RACH.
Proposal 1:
· For 2-step RACH procedure, rsrp-ThresholdSSB for 2stepRACH can be configured. If not configured, rsrp-ThresholdSSB for 4-step RACH is applied for 2-step RACH.
· rsrp-ThresholdSSB for 2stepRACH is used for the purpose of not only not only threshold for selection of SSB for 2-step RACH but also threshold for RACH type selection between 2-step RACH and 4-step RACH.

2.1.2. Retransmission of msgA
For this, in RAN2#107bis meeting, whether same payload is transmitted or not is agreed as below:
	Agreements:
· TB size offered in UL grant in the Msg2 RAR in 4-step RACH shall be the same as the TB size offered for payload transmission in MsgA in 2-step RACH; otherwise, the UE behavior is not defined (i.e. it is up to UE implementation).


The remaining issues on retransmission is whether or not to support HARQ combining for both UE and gNB side. In our understanding, HARQ combining is just up to implementation issue so that we don’t need to discuss about it anymore. 
Proposal 2: 
· RAN1 doesn’t need to discuss about supporting HARQ combining anymore because HARQ combining is just up to implementation issue.

2.1.3. PRACH Preamble configuration for 4-step RACH and 2-step RACH
In the RAN1#98bis meeting, the following agreement was agreed:
	Agreements:
For 2-step RACH in separate ROs, the parameter totalNumberOfRA-Preambles can be separately configured. If the configuration is absent, all 64 preambles are available for 2-step RA.


Considering composition of preambles for shared RO case, there are two available areas that used for 2-step RACH. The one is inner area of CFRA for 4-step RACH (Figure 1. A) and the other is territory for other purpose such as SI request (Figure 1.B). Here, if preambles for 2-step is allocated in part of CFRA for 4-step RACH, preambles for CFRA for 4-step is automatically calculated when the number of preambles for 2-step RACH is configured. In the other case, if preambles for 2-step is allocated in the part for other purposes (e.g. SI request), after the number of preambles is configured for one side such as the number of preambles for CBRA for 2-step RACH, the remaining number of preambles are used for opposite side (e.g. Others).



Figure 1. Example of preamble composition for 2-step RACH

Proposal 3:
· For configuration of 2-step RACH preamble in case of shared ROs, when total number of preambles except for other purposes (e.g. for SI request) is configured for 4-step RACH, select one alternative among following alternatives
· Alt.1: If preambles for 2-step is allocated in part of CFRA for 4-step RACH, preambles for CFRA for 4-step is automatically calculated when the number of preambles for 2-step RACH is configured.
· Alt.2: If preambles for 2-step is allocated in the part for other purposes (e.g. SI request), after the number of preambles is configured for one side such as the number of preambles for CBRA for 2-step RACH, the remaining number of preambles are used for opposite side (e.g. Others).

2.1.4. RACH configuration index and format for NR-U
Considering LBT in NR-U system, it is preferable that the gap between msgA preamble msgA PUSCH is smaller than 16 us and then there can be only one LBT in 2-step RACH procedure. As a result, two approach can be considered to fulfil the requirement. The 1st approach is transmitting msgA preamble and msgA PUSCH within same slot. The 2nd approach is using consecutive slot and msgA preamble and msgA PUSCH is transmitted in each slot but the gap between msgA preamble and msgA PUSCH is shorter than 16 us. In summary, to reduce LBTs, some mechanism such as consecutive transmission of whole msgA should be considered and the details are treated in document [1].  

2.2. msgA PUSCH 
2.2.1. msgA PUSCH configuration for NR-U
We will discuss about whether 1-to-multiple mapping between RO and msgA PUSCH occasion is needed or not. In this respect, we’ve thought about the case when 1-to-multiple is needed. In NR-U system, when one-to-one or multiple-to-one mapping is applied for 2-step RACH and there is enough gap between msgA preamble and msgA PUSCH, the latency will increase sharply when LBT for msgA PUSCH transmission is failed. So, we will discuss about details of 1-to-multiple mapping in another our document [1].

2.2.2. UCI
In 2-step RACH procedure, it was agreed that the number of configuration for msgA PUSCH is only up to 2. Using UCI to indicate configuration of msgA PUSCH seems so inefficient because additional resources and power are required to transmit it. So, some mechanism such as dividing preambles into subgroup is enough to indicate it.
Observation 2:
· In 2-step RACH procedure, it was agreed that the number of configuration for msgA PUSCH is only up to 2. Using UCI to indicate configuration of msgA PUSCH seems so inefficient because additional resources and power are required.
Proposal 4: 
· Do not support UCI in 2-step RACH procedure.

2.3. msgB
2.3.1. Distinction between msgB and msg2
As a method to separate between msgB and msg2, following alternatives can be considered.
· Alt.1: Scrambling to remaining CRC parity bits
· Alt.2: Applying different RA-RNTI value

Considering Alt.1, the CRC parity bits are originally scrambled with the corresponding RNTI (16bits) and remaining 8bits can be used to differentiate between msgB and msg2 like below
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where,  in case of DCI for msgB RAR, 

and for other cases
In terms of false alarm of CRC, original probability is 1/224. Contrary to it, false alarm might increase twice such as 1/223 when remaining 8bits are used to distinguish. However, it is still too small. Furthermore, it saves resources of RNTI. As a result, Alt.1 also can be considered to distinguish between msgB and msg2.
In case of alt 2, UE can distinguish PDCCH for 2-step RACH and 4-step RACH using different RA-RNTI within same search space. But, additional RNTI for random access should be reserved. If network can allow to use additional RNTI for 2-step RACH, Alt.2 can be allowed for distinction between msgB RAR and msg2 RAR. For example, if offset value (e.g. s_id +1) is applied to starting OFDM symbol of RO in exiting formula of RA-RNTI, different value of RA-RNTI is simply obtained for 2-step RACH.

Observation 3: 
· For distinguishing msgB and msg2, followings are observed for each alternatives:
· Alt.1: Scrambling to remaining CRC parity bits (8bits)
· False alarm increases but it is still to small.
· Saving resources of RNTI
· Alt.2: Applying different RA-RNTI value
· Additional RNTI for random access is required.

Proposal 5: 
· For distinguishing msgB and msg2, if new RA-RNTI for msgB is not concluded in RAN2 discussion, the following RAN1 solution is introduced.
· Same RA-RNTI is applied for msgB and msg2.
· Scrambling to remaining CRC parity bits for distinguishing msgB and msg2 is applied.
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where,  in case of DCI for msgB RAR, 

and for other cases

2.3.2. Ambiguity of RA-RNTI
For monitoring PDCCH of 2-step RACH RAR, it could be possible to configure longer size (e.g. 20ms, 30ms, 40ms) of RAR monitoring window. In this case, if RA-RNTI is used over 10ms, DCIs masked by RA-RNTI cannot be distinguished for each ROs with same RA-RNTI which are located at every 10ms at same frequency position. Therefore, a mechanism for distinguishing the DCIs masked by same RA-RNTI should be introduced. As the mechanism, we can consider to use indication bits in DCI [3].
Similar with the solution for NR-U, a part of bit for SFN index (e.g. LSB 2-bits) can be included in DCI. In this case, UE should always obtain SFN information for serving cell or target cell. However, during handover procedure, UE can SFN information by decoding PBCH after random access procedure. Since it is not allowable for UE to operate PBCH decoding before random access procedure during handover, it is hard to use SFN information for indicating the time information.
Instead of using absolute time information (i.e., SFN index), it can be considered that relative SFN information is indicated by N-bit in DCI. In Figure 2, one example how to indicate SFN difference between ROs with same RA-RNTI within N*10ms duration is depicted.
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Figure 2. Example of indicating relative value of SFN between ROs with same RA-RNTI within N*10ms duration
As shown in Figure 1, within 10ms from the RACH slot where selected RO is located, the indication bit in DCI can be set as ‘000’ (if 3-bit is applied). Then, within next 10ms, the indication bit in DCI can be set as ‘001’.
Also, as other example, SFN difference between a frame where selected RO is located and other frame where PDCCH for msgB RAR is transmitted can be indicated via DCI field.
Proposal 6: 
· Introduce an indication bits field in DCI field for distinguishing the DCIs masked by same RA-RNTI 
· The indication bits are used to indicate relative value of SFN (10ms) between ROs with same RA-RNTI within N*10ms duration.
· Alt.1: The indication bit is set as ‘000’ within 10ms from the RACH slot where selected RO is located. Then, within next 10ms, the indication bit is set as ‘001’
· Alt.2: SFN difference between a frame where selected RO is located and other frame where PDCCH for msgB RAR is transmitted can be indicated via DCI field.

2.4. HARQ-ACK for msgB
2.4.1. PUCCH for HARQ-ACK resource configuration 
 For PUCCH resource configuration, some agreements are decided in previous meeting [2] as follows:
	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.


If successRAR MAC subPDU has enough payload field to cover 7bits (4bits for PUCCH resource index + 3bits for timing indicator), it is desirable way to configure PUCCH resource since the way is most flexible and accuracy way among all alternatives. If there is not enough payload field, Alt.3 is can be considered because Alt.2 cannot configure disabled PUCCH resource that is already used for 4-step RACH.
Observation 4: 
· For PUCCH resource configuration, followings are observed for each alternatives:
· Alt.1: PDSCH of success RAR
· Require additional payload of successRAR MAC subPDU
· most flexible and accuracy way
· Alt.2: DCI
· Minimize signaling overhead
· Cannot configure disabled PUCCH resource that is already used for 4-step RACH.
· Alt.3: combination PDSCH and DCI
· Midpoint between Alt.1 and Alt.2
Proposal 7: 
· Both PUCCH resource index and timing indicator should be signalled in the successRAR.
· If there is not enough payload field in successRAR, the way of combination DCI and successRAR sholud be considered.

2.5. Power control of msgA 
2.5.1. Counter between PRACH and PUSCH
The main reason of two separate counter (i.e. Power ramping counter and transmission counter) is defined in NR system is to reflect the possibility that power ramping counter is maintained when selected SSB or Tx spatial filter is changed. Similarly, in 2-step RACH, if Tx spatial filter for msgA preamble and msgA PUSCH is independently selected by UE implementation, independent power ramping counter for msgA preamble and msgA PUSCH should be defined. However, in RAN1#98bis meeting, it was agreed to apply same tx spatial filter for both msgA preamble and msgA PUSCH. Hence, it seems reasonable to apply same power ramping counter for both msgA preamble and msgA PUSCH.
Proposal 8: 
· Apply same power ramping counter for both msgA preamble and msgA PUSCH.

2.5.2. Power reduction priority of msgA PUSCH
	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 4-step RACH procedure, the condition that RA procedure starts in Scell is only PDCCH order case. In addition, since 2-step RACH in Rel. 16 only supports contention-based case, similar to exist mechanism, it is preferable that supporting msgA in Scell should not be specified for 2-step RACH. In addition, there is no reason to give higher priority to msgA PUSCH since it seems normal behavior that UEs fall-back to 4-step RACH when msgA preamble is detected but msgA PUSCH is failed.
Observation 5: 
· In 4-step RACH, the condition that RA procedure starts in Scell is only PDCCH order case.
· It seems normal behavior that UEs fall-back to 4-step RACH when msgA preamble is detected but msgA PUSCH is failed.
Proposal 9:
· For 2-step RACH, it is not necessity to support msgA transmission in SCell.
· For power reduction rule for msgA PUSCH,
· Different power reduction rule between msgA preamble and msgA PUSCH should be applied. 
· Lower priority should be set for msgA PUSCH.
2.6. Fall back to 4-step RACH
2.6.1. Power ramping for msgA preamble for 2-step RACH and msg1 for 4-step RACH
To provide fairness between 2-step and 4-step RACH, the total retry count should be same. When put together, if network configures the value which is smaller than the maximum number msg1 transmission, UEs don’t need to transmit whole of msgA anymore after the maximum number of msgA transmission. That is, UEs retransmit preamble only as shown figure 3 to satisfy the total recount. 
[image: ]
Figure 3. Example of fallback to 4-step RACH when number of msgA transmission is exceeded over msgATransMax.
Here, after fall-back to 4-step RACH, we think that the ramping counter should be sustained to improve detection probability in that case and the ramping step size should follow configuration for 4-step RACH.

Observation 6: 
· To provide fairness between 2-step and 4-step RACH, Max number of RA preamble transmission might be same between 2-step RACH and 4-step RACH. 
Proposal 10: 
· If the maximum number of msgA transmission is smaller than the maximum number of msg1 transmission, UE can fall-back and it can retransmit msg1 until the the number of transmission reaches at the maximum number of msg1 transmission to provide fairness between 2-step and 4-step RACH. 
· After fall-back to 4-step RACH, ramping counter for msgA preamble should be inherited to msg1 for 4-step RACH. If ramping step size for msg1 of 4-step RACH is different with that of msgA preamble of 2-step RACH, following power control formula is applied:
· PREAMBLE_RECEIVED_TARGET_POWER = min {P_cmax, preambleReceivedTargetPower + DELTA_PREAMBLE + (msgAPREAMBLE_POWER_RAMPING_COUNTER – 1) × msgAPREAMBLE_POWER_RAMPING_STEP + (PREAMBLE_POWER_RAMPING_COUNTER) × PREAMBLE_POWER_RAMPING_STEP}, where PREAMBLE_POWER_RAMPING_COUNTER is set to ‘1’ after fall-back and it is initialized by ‘0’ before fall-back.

Conclusion
In this contribution, we overview issues related with msgA and msgB, such as msgA preamble, msgA PUSCH, power control for both of them, HARQ feedback for msgB and fall back. As a conclusion of the discussion, we summarize our views as follows:

RACH type selection between 2-step RACH and 4-step RACH
Observation 1: 
· The parameter of RSRP threshold for the selection of the SSB (rsrp-ThresholdSSB) also should be applied for 2-step RACH
· The parameter represents not only threshold for selection of SSB but also threshold for RACH type selection between 2-step RACH and 4-step RACH as below:
· rsrp-ThresholdSSB for 2-step > rsrp-ThresholdSSB:
· UE can select RACH type either 2-step RACH or 4-step RACH when measured RSRP of SSB is over than rsrp-ThresholdSSB for 2-step.
· UE has to try 4-step RACH when measured RSRP of SSB is smaller than rsrp-ThresholdSSB for 2-step.
· If the threshold of SSB for 2-step RACH is not configured, UE follows the threshold of SSB for 4-step RACH.
Proposal 1:
· For 2-step RACH procedure, rsrp-ThresholdSSB for 2stepRACH can be configured. If not configured, rsrp-ThresholdSSB for 4-step RACH is applied for 2-step RACH.
· rsrp-ThresholdSSB for 2stepRACH is used for the purpose of not only not only threshold for selection of SSB for 2-step RACH but also threshold for RACH type selection between 2-step RACH and 4-step RACH.

Retransmission of msgA
Proposal 2: 
· RAN1 doesn’t need to discuss about supporting HARQ combining anymore because HARQ combining is just up to implementation issue.

PRACH Preamble configuration for 4-step RACH and 2-step RACH
Proposal 3:
· For configuration of 2-step RACH preamble in case of shared ROs, when total number of preambles except for other purposes (e.g. for SI request) is configured for 4-step RACH, select one alternative among following alternatives
· Alt.1: If preambles for 2-step is allocated in part of CFRA for 4-step RACH, preambles for CFRA for 4-step is automatically calculated when the number of preambles for 2-step RACH is configured.
· Alt.2: If preambles for 2-step is allocated in the part for other purposes (e.g. SI request), after the number of preambles is configured for one side such as the number of preambles for CBRA for 2-step RACH, the remaining number of preambles are used for opposite side (e.g. Others).

UCI
Observation 2:
· In 2-step RACH procedure, it was agreed that the number of configuration for msgA PUSCH is only up to 2. Using UCI to indicate configuration of msgA PUSCH seems so inefficient because additional resources and power are required.
Proposal 4: 
· Do not support UCI in 2-step RACH procedure.

Distinction between msgB and msg2
Observation 3: 
· For distinguishing msgB and msg2, followings are observed for each alternatives:
· Alt.1: Scrambling to remaining CRC parity bits (8bits)
· False alarm increases but it is still to small.
· Saving resources of RNTI
· Alt.2: Applying different RA-RNTI value
· Additional RNTI for random access is required.

Proposal 5: 
· For distinguishing msgB and msg2, if new RA-RNTI for msgB is not concluded in RAN2 discussion, the following RAN1 solution is introduced.
· Same RA-RNTI is applied for msgB and msg2.
· Scrambling to remaining CRC parity bits for distinguishing msgB and msg2 is applied.
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where,  in case of DCI for msgB RAR, 

and for other cases
Ambiguity of RA-RNTI
Proposal 6: 
· Introduce an indication bits field in DCI field for distinguishing the DCIs masked by same RA-RNTI 
· The indication bits are used to indicate relative value of SFN (10ms) between ROs with same RA-RNTI within N*10ms duration.
· Alt.1: The indication bit is set as ‘000’ within 10ms from the RACH slot where selected RO is located. Then, within next 10ms, the indication bit is set as ‘001’
· Alt.2: SFN difference between a frame where selected RO is located and other frame where PDCCH for msgB RAR is transmitted can be indicated via DCI field.

PUCCH for HARQ-ACK resource configuration 
Observation 4: 
· For PUCCH resource configuration, followings are observed for each alternatives:
· Alt.1: PDSCH of success RAR
· Require additional payload of successRAR MAC subPDU
· most flexible and accuracy way
· Alt.2: DCI
· Minimize signaling overhead
· Cannot configure disabled PUCCH resource that is already used for 4-step RACH.
· Alt.3: combination PDSCH and DCI
· Midpoint between Alt.1 and Alt.2
Proposal 7: 
· Both PUCCH resource index and timing indicator should be signalled in the successRAR.
· If there is not enough payload field in successRAR, the way of combination DCI and successRAR sholud be considered.

Counter between PRACH and PUSCH
Proposal 8: 
· Apply same power ramping counter for both msgA preamble and msgA PUSCH.

Power reduction priority of msgA PUSCH
Observation 5: 
· In 4-step RACH, the condition that RA procedure starts in Scell is only PDCCH order case.
· It seems normal behavior that UEs fall-back to 4-step RACH when msgA preamble is detected but msgA PUSCH is failed.
Proposal 9:
· For 2-step RACH, it is not necessity to support msgA transmission in SCell.
· For power reduction rule for msgA PUSCH,
· Different power reduction rule between msgA preamble and msgA PUSCH should be applied. 
· Lower priority should be set for msgA PUSCH.

Power ramping for msgA preamble for 2-step RACH and msg1 for 4-step RACH
[bookmark: _GoBack]Observation 6: 
· To provide fairness between 2-step and 4-step RACH, Max number of RA preamble transmission might be same between 2-step RACH and 4-step RACH. 
Proposal 10: 
· If the maximum number of msgA transmission is smaller than the maximum number of msg1 transmission, UE can fall-back and it can retransmit msg1 until the the number of transmission reaches at the maximum number of msg1 transmission to provide fairness between 2-step and 4-step RACH. 
· After fall-back to 4-step RACH, ramping counter for msgA preamble should be inherited to msg1 for 4-step RACH. If ramping step size for msg1 of 4-step RACH is different with that of msgA preamble of 2-step RACH, following power control formula is applied:
· PREAMBLE_RECEIVED_TARGET_POWER = min {P_cmax, preambleReceivedTargetPower + DELTA_PREAMBLE + (msgAPREAMBLE_POWER_RAMPING_COUNTER – 1) × msgAPREAMBLE_POWER_RAMPING_STEP + (PREAMBLE_POWER_RAMPING_COUNTER) × PREAMBLE_POWER_RAMPING_STEP}, where PREAMBLE_POWER_RAMPING_COUNTER is set to ‘1’ after fall-back and it is initialized by ‘0’ before fall-back.
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