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1. Introduction
In the RAN2#108 meeting [1], 2step RACH triggered by HO was discussed and some agreements have been achieved related to 2step CFRA: 
	Agreements for HO 2-step RA:
· 2-step CFRA and 4-step CFRA cannot be configured simultaneously for a BWP

· For HO 2-step CFRA, the UE will monitor the PDCCH of the target cell for the response from the gNB identified by the C-RNTI while the msgB-ResponseWindow is running. The RA procedure is considered successful upon reception of a transmission addressed to the C-RNTI containing at least the 12 bit TAC MAC CE.
· Rebuilding is NOT supported: This means the CFRA payload size matches one of the payload sizes for CBRA and UE includes C-RNTI in MSGA for CFRA
· In case of 2-step CFRA, once MSGA is transmitted the UE monitors MSGB-RNTI (in addition to C-RNTI – i.e. same as CBRA)

· The initial RA type is always determined to be 2-step RA if 2-step CFRA is configured in HO

· Similar to 4-step RA, the UE then searches for a suitable CFRA beam with configured 2-step CFRA resources 

· RAN2 assumes that SSB and CSI-RS based 2-step CFRA can be supported.  We assume that if there are RAN1 impact then CSI-RS configuration will not be supported.    

· The PUSCH resource for 2-step CFRA associated with the dedicated preamble will be configured to the UE via dedicated signalling (i.e. will not be included in SIB1).  FFS how and when the PUSCH resources is releases
· 2-step CFRA is configured only on BWP where 2-step CBRA is 


RAN1 has reached some agreements on the configuration for the MSGA PRACH and the configuration of MSGA PUSCH for 2step RACH, however, some issues have not been discussed thoroughly for CFRA. This contribution discusses the PRACH configuration and the PUSCH configuration for the 2step CFRA.
2. Discussion
2.1 MSGA PRACH configuration for CFRA
Following are the agreements made in RAN1#98 meeting and RAN1#98bis meeting on the MSGA PRACH configuration [2]:

According to the RAN1 agreements and in the most resent running CR for TS38.331[3], the ROs for 2step CBRA shared with 2step CFRA and the separate ROs for 2step CFRA are considered. For ROs for 2step are not shared with 4step, the parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB-TwoStepRA configures the number of SSBs per RO and number of 2step CBRA preambles for each SSB and the parameter msgA-TotalNumberOfRA-Preambles is configured indicates the total number of preambles used for CBRA and CFRA of 2step RA type. 
The ROs for 4step RA shared with 2step CFRA have not been discussed. The ROs for 4step RA shared with 2step CFRA should be supported in Rel16. Otherwise, the ROs of 2step CFRA can only be configured as separated ROs by dedicated RRC message in case of shared ROs between 2step RA and 4step RA, which will limit the configuration for ROs of 2step CFRA and lead to inefficient signalling.
When ROs for 4step are shared with 2step, the parameter msgA-CB-PreamblesPerSSB configures the number of 2-step CBRA preambles per SSB. But the parameter msgA-TotalNumberOfRA-Preambles is not considered to be used while ROs for 4step are shared with 2step, that ROs of 2step CFRA cannot share the ROs of 4step RA. If the ROs for 4step RA shared with 2step CFRA are supported, the parameter msgA-TotalNumberOfRA-Preambles should be used in case ROs of 4step RA are shared with 2step RA.
The configuration of the ROs includes following parameters:

· ssb-perRACH-OccasionAndCB-PreamblesPerSSB, which indicates the number of SSBs per RO and the number of 4step CBRA preambles per SSB

· TotalNumberOfRA-Preambles, which configures the total number of preambles for 4step and 2step RA types

· msgA-CB-PreamblesPerSSB, which indicates the number of 2-step CBRA preambles per SSB
· msgA-TotalNumberOfRA-Preambles, which configures the total number of preambles for 2step RA type including CBRA and CFRA
The working assumption for 2step CFRA is that there should be no RAN1 impact. The ROs for 4step RA shared with 2step CFRA can be supported by configuration with existing parameters already defined and no RAN1 impact is foreseen now for that kind of ROs, which confirms with the work assumption for 2step CFRA. Therefore, the ROs configuration for 2step The ROs of 4step RA shared with 2step CFRA should be supported.
Proposal 1: The ROs of 4step RA shared with 2step CFRA should be supported in Rel-16.
Proposal 1-1: The parameter msgA-TotalNumberOfRA-Preambles should be used while ROs are configured as shared by 4step and 2step RA to support ROs of 4step RA shared with 2step CFRA.
There are two cases of ROs for 4step ROs shared with 2step CFRA that should be considered:

· ROs for 4step RA shared with 2step CFRA and 2step CBRA

· ROs for 4step RA shared with 2step CFRA but not with 2step CBRA

ROs for 4step RA shared with 2step CFRA and 2step CBRA:
While the ROs for 4step RA are shared with 2step CFRA and 2step CBRA, the available number of preambles within a RO include the preambles for 4step and 2step RA, which is presented as TotalNumberOfRA-Preambles. The R’ preambles for 2step CBRA follow the R preambles for 4step CBRA as was specified for ROs shared for 4step and 2step RA in section 8.1 of TS 38.213 referring to the approved CR [4]. The R’’ preambles for 2step CFRA can follow the R’ preambles of 2step CBRA and the leftover preambles in the TotalNumberOfRA-Preambles can be used for 4step CFRA. Following is an illustration of the ROs when ssb-perRACH-Occasion is no more than 1.
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Figure 1 ROs for 2step CFRA shared with 4step RA and 2step CBRA
ROs for 4step RA shared with 2step CFRA but not with 2step CBRA:

While the ROs for 4step RA are shared with 2step CFRA but not with 2step CBRA, the available number of preambles within a RO include the preambles for 4step CBRA, 2step CFRA and possibly CFRA with 4step RA type, which is presented as TotalNumberOfRA-Preambles. The R’’ preambles for 2step CFRA can follow the R preambles of 4step CBRA and the leftover preambles in the TotalNumberOfRA-Preambles can be used for 4step CFRA. The leftover preambles within the TotalNumberOfRA-Preambles can be used for 4step CFRA. Following is an illustration of the RO when ssb-perRACH-Occasion is no more than 1.
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Figure 2 ROs for 2step CFRA shared with 4step RA not with 2step CBRA
Referring the running CR for TS38.331 [3], the ROs for 2step CFRA sharing with 2step CBRA and the standalone ROs for 2step CFRA are already supported. Given the ROs for 2step CFRA sharing with 4step RA are introduced, three types of ROs for 2step CFRA can be configured by NW:
· Type 1: ROs sharing with 4step RA(can also with 2step CBRA)
· Type 2: ROs sharing with 2step CBRA
· Type 3: Separate ROs
The configurations for type 1 and type 2 ROs should be included in SIB1 and the configuration for type 3 ROs should be indicated via dedicated signalling during HO rather via SIB1. The ROs configured via dedicated signalling should be prioritized. If there is configuration for type 3 ROs in dedicated signal during HO the UE should use it, otherwise, the UE uses the configuration for type 1 or type 2 ROs in SIB1.  

When ROs shared by 2step and 4step RA types are configured, the type 1 ROs for 2step CFRA can be supported, whereas ROs are separately configured for 2step and 4step RA types, the type 2 ROs can be supported. Therefore, the type 1 and type 3 ROs for 2step CFRA can be supported simultaneously when ROs for 2step RA are configured shared with 4step RA, while the type 2 and type 3 ROs for 2step CFRA can be supported simultaneously when ROs are separately configured for 2step and 4step RA types.   
Proposal 1-2: Following three types of ROs for 2step CFRA can be configured by NW:

· Type 1: ROs sharing with 4step RA (can also with 2step CBRA), 
· Type 2: ROs sharing with 2step CBRA,
· Type 3: Separate ROs.
Observation: Type 1 and type 3 ROs for 2step CFRA can be supported simultaneously when ROs for 2step RA are configured shared with 4step RA, while the type 2 and type 3 for 2step CFRA can be supported simultaneously when ROs are separately configured for 2step and 4step RA types.
2.2 MSGA PUSCH configuration for CFRA

In the running CR for TS38.331 [3], IE MSGA-PUSCH-Config is specified for MSGA PUSCH. It’s not clear whether the IE is also used for 2step CFRA. The PUSCH configuration for 2step CFRA should not impact the specs of physical layer and reuse the configuration specified for 2step CBRA. It should be clarified that the IE MSGA-PUSCH-Config is used to the PUSCH for both contention-based and contention-free RA.
Someone may argue that MSGA-PUSCH-Config should not be used for CFRA and the individual PUSCH grant like defined for RACH-less HO associated to the dedicated preamble should be included in dedicated signalling. But it’s not an efficient way especially while CFRA resource is configured on multiple SSBs.
Proposal 2: The IE MSGA-PUSCH-Config should be reused to 2step CFRA.

The PUSCH configuration associated to the type 1 or type 2 for 2step CFRA should be included in SIB1 while the PUSCH configuration associated to the type 3 RO can be signalled via dedicated message during HO. 
Proposal 2-1: The PUSCH configuration associated to the type 1 or type 2 ROs for 2step CFRA should be included in SIB1 while the PUSCH configuration associated to the type 3 RO can be signalled via dedicated message during HO.  
For preamble groups are not introduced to 2step CFRA, there should be at least one PUSCH configuration configured for 2step CFRA. 
Proposal 2-2: There should be at least one PUSCH configuration configured for 2step CFRA.
2.3 Mapping between MSGA PRACH and PUSCH for CFRA
Following are the agreements made in RAN1#99 meeting on mapping between the MSGA PRACH and PUSCH [2]:
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According to above agreements on rules for PRACH and PUSCH mapping and also the approved CR for TS38.213 in section 8.1A [4], the total numbers of valid preambles are mapped to valid PRUs in the SSB-to-RO association pattern period, which is in the way that each group of M (M>=1) consecutive preambles is mapped to valid PUSCH resource units (PRUs), wherein M=ceiling(N_pre/N_pru), N_pre and N_pru are respectively the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period.

For RAN1 only cares about 2step CBRA, the mapping rule above is applied to 2step CBRA. It’s not clear how to map MSGA PRACH and PUSCH for CFRA. A straight forward way is to reuse the mapping rule between the PRACH and PUSCH of CBRA to CFRA, which is just configuration issue, so that there is no RAN1 impact foreseen. Each group of M (M>=1) consecutive preambles of CFRA is mapped to valid PRUs of CFRA, wherein M=ceiling(N_pre/N_pru), N_pre and N_pru are respectively the total numbers of valid preambles of CFRA and valid PRUs of CFRA in the SSB-to-RO association pattern period.
Proposal 3: Reuse the mapping rule between the PRACH and PUSCH for CBRA to CFRA.
If the ROs for 2step CBRA are shared by CFRA, the PUSCH configuration associated to the shared ROs can be shared with 2step CFRA. In that case the total numbers of valid preambles of 2step RA including contention-based and contention-free are mapped to valid PRUs of 2step RA in the SSB-to-RO association pattern period, that each M (M>=1) consecutive preambles are mapped to valid PUSCH resource units (PRUs), wherein the M preambles are mapped to one PRU, M=ceiling(N_pre/N_pru). N_pre is the total numbers of valid preambles of 2step RA including contention-based and contention-free and N_pru is the valid PRUs of 2step RACH in the SSB-to-RO association pattern period. For type 1 and type 2 can be ROs shared between 2step CBRA and 2step CFRA, the PUSCH configuration associated to type 1 and type 2 ROs can be shared between 2step CBRA and CFRA. With the shared PUSCH configuration between CBRA and CFRA there is no need to configure the PUSCH of CFRA separately, which deduces the control signalling and the complex of implementation in NW.
Proposal 3-1: Given that the ROs are shared between 2step CBRA and 2step CFRA, the PUSCH configuration associated to the shared ROs can be shared between 2step CBRA and 2step CFRA as well.
If M is more than 1, several consecutive preambles of CFRA map to one PRU, that several UEs would use the same PRU for CFRA, however only one UE can be received successfully. As was agreed by RAN2#108 [1], if the PDCCH of the target cell for the response from NW that UE monitors is identified by the C-RNTI while the msgB-ResponseWindow is running the UE will consider the RA completes. The NW can get the C-RNTI from the payload of MsgA. The MsgA PUSCH that are not received by NW would need to be resent. Therefore, fallback to 4step RA should also be supported by CFRA, otherwise all the UE whose payload is not received by NW would need to retry with preamble even though the preamble is received successfully by NW. 
If fallback to 4step RA is not supported by CFRA, dedicated PRU should be used. The NW’s ensures that no more than one preamble of CFRA is mapped to one PRU, i.e. M=1, or should prevent allocating the preambles mapped to the same PRU simultaneously to multiple UEs.

Proposal 4: Fallback to 4step RA should also be supported by CFRA. 
Proposal 5: If fallback to 4step RA is not supported by CFRA, dedicated PRU should be used for CFRA.
3. Conclusion
In this contribution, the PRACH configuration and the PUSCH configuration for the 2step CFRA are discussed. We have the following observations and proposal:
MSGA PRACH configuration for CFRA:

Proposal 1: The ROs of 4step RA shared with 2step CFRA should be supported in Rel-16.
Proposal 1-1: The parameter msgA-TotalNumberOfRA-Preambles should be used while ROs are configured as shared by 4step and 2step RA to support ROs of 4step RA shared with 2step CFRA.
Proposal 1-2: Following three types of ROs for 2step CFRA can be configured by NW:

· Type 1: ROs sharing with 4step RA (can also with 2step CBRA), 
· Type 2: ROs sharing with 2step CBRA,
· Type 3: Separate ROs.
Observation: Type 1 and type 3 ROs for 2step CFRA can be supported simultaneously when ROs for 2step RA are configured shared with 4step RA, while the type 2 and type 3 for 2step CFRA can be supported simultaneously when ROs are separately configured for 2step and 4step RA types.
MSGA PUSCH configuration for CFRA:
Proposal 2: The IE MSGA-PUSCH-Config should be reused to 2step CFRA.

Proposal 2-1: The PUSCH configuration associated to the type 1 or type 2 ROs for 2step CFRA should be included in SIB1 while the PUSCH configuration associated to the type 3 RO can be signalled via dedicated message during HO.
Proposal 2-2: There should be at least one PUSCH configuration configured for 2step CFRA.
Mapping between MSGA PRACH and PUSCH for CFRA:
Proposal 3: Reuse the mapping rule between the PRACH and PUSCH for CBRA to CFRA.
Proposal 3-1: Given that the ROs are shared between 2step CBRA and 2step CFRA, the PUSCH configuration associated to the shared ROs can be shared between 2step CBRA and 2step CFRA as well.
Proposal 4: Fallback to 4step RA should also be supported by CFRA. 
Proposal 5: If fallback to 4step RA is not supported by CFRA, dedicated PRU should be used for CFRA.
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RAN1#98:


Agreements:


For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:


2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.


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.


RAN1#98bis:  


Agreements:


For separately configured ROs, the parameter ssb-perRACH-OccasionAndCBPreamblesPerSSB configures the number of SSBs per RO, and number of contention-based preambles for each SSB. If this parameter is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.�Agreements:


For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.


Agreements:


For 2-step RACH in separate ROs, the parameter totalNumberOfRA-Preambles can be separately configured. If the configuration is absent, all 64 preambles are available for 2-step RA.





Agreements:


Preamble to PRU mapping ratio is:


A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period


It is up to gNB implementation to make sure the value does not vary across different periods.


M preambles are mapped to one PRU, M=ceiling(N_pre/N_pru) 


where N_pre and N_pru are respectively the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period


Agreements:


Update the previous agreement as the following:


Each M (M>=1) consecutive PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period is updated in the following order:


First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions


Second, in increasing order of DMRS indexes within a single PUSCH occasion


FFS DMRS indexes for DMRS ports and/or sequences 


DMRS indexes within a single PUSCH occasion are in increasing order of DMRS port first and DMRS sequences second. 


Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot


Fourth, in increasing order of indexes for PUSCH slots
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