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Resource selection in 2-step RACH
ISSUE 1: When does the UE perform the RACH type selection?
In 4-step RACH, if the carrier to use for the Random Access procedure is explicitly signaled, the signaled carrier will be selected for performing Random Access procedure. Otherwise the carrier for RA procedure will be selected based on the configured parameters rsrp-ThresholdSSB-SUL. Once the UL carrier is selected, the UL carrier used for RACH procedure cannot be changed during the whole RA procedure.
In 2-step RACH, the MsgA includes preamble transmission and PUSCH transmission. Once the preamble has been detected successfully, fallback procedure can be used even if the PUSCH cannot be detected. Therefore, whether the 2-step RACH can work on a carrier mainly depends on the performance of preamble detection. Given that all the preamble formats for 4-step RACH are also applicable to 2-step RACH, the performance of preamble can be the same between 2-step RACH and 4-step RACH. In addition, based on our analysis given in [3], in order to support the legacy UE, we think the 2-step RACH can only be configured on the carrier with 4-step RACH resource. 
Therefore, we think the UL carrier selection can be isolated from the RA type selection between 2-step RACH and 4-step RACH, and can be made before the RA type selection.
Proposal 1: The UE shall first perform the UL carrier selection between SUL and NUL and then it should perform the RA type selection between 2-step RACH and 4-step RACH.

ISSUE 2: RACH type selection between 2-step RACH and 4-step RACH
For the RACH type selection, during the discussion in previous meeting, it is still FFS that whether radio quality can be used for 2-step RACH selection. For the preamble part, we think the performance for preamble transmission/reception in 2-step RACH and 4-step RACH can be the same. However, for the PUSCH payload, since the performance for PUSCH transmission/reception mainly depends on parameters configured for PUSCH transmission (e.g. PRB, MCS), the NW shall be allowed to configure a PUSCH with better resource efficiency (e.g. less PRB) but a smaller coverage (compared to the coverage of preamble), and this should be left to NW’s implementation. 
Observation 1: The performance for PUSCH transmission/reception depends on parameters configured for PUSCH (e.g. PRB, MCS), and the NW shall be allowed to configure a PUSCH with better resource efficiency but a smaller coverage (compared to the coverage of preamble).
Based on the observation 1 above, we think an RSRP threshold would be helpful if the NW wants to have a better resource efficiency and determine to have PUSCH configuration with smaller coverage. 
Proposal 2: An RSRP threshold can be configured for the 2-step RACH selection.

The following assumption has been made in previous RAN2 meeting.
---------------------------------- Agreement made in RAN2#106 start -------------------------------------- 
2.From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  
---------------------------------- Agreement made in RAN2#106 end -------------------------------------- 
Considering the radio condition will not change significantly during the RACH procedure in most cases，and even if a significant change in radio conditions occurs, the fallback procedure can also be used to ensure the success of RA procedure, in case the PUSCH payload cannot be decoded successfully, the RA type need not be changed within a given RACH procedure. In addition, similar discussion took place during the discussion on the UL carrier selection between SUL and NUL, considering the extra complexity in both specification and implementation, it has been concluded that once the UL carrier is determined the UL carrier cannot be changed during the whole RACH procedure.
Therefore, in order to save the complexity, it is proposed to confirm the assumption that once the RA type is selected, the RA type selected will be used in all the following RA retransmission attempt, and we give our proposal as follow:
Proposal 3: The RACH type selection (i.e. between 2-step RACH and 4-step RACH) shall be made only once for each RACH procedure in the Random Access procedure initialization phase (i.e. 5.1.1 in 38.321).

ISSUE 3: RO configuration for 2-step RACH
In RAN2, the following agreements have been made in previous RAN1 meeting:
---------------------------------------- Agreements made in RAN1 ---------------------------------
· 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
---------------------------------------- Agreements made in RAN1 ---------------------------------
Based on the agreements above, it can be concluded that both separate ROs and shared RO shall be supported for 2-step RACH. And separate analysis for the impact on RO resource configuration for 2-step RACH will be given in this section.

For the case of separate ROs
If separate ROs are configured for 2-step RACH, then the configuration of separate preamble resource pool for 2-step RACH shall be allowed, and a RACH-ConfigGeneric for 2-step RACH or an IE similar to RACH-ConfigGeneric shall be introduced for 2-step RACH. 
Proposal 4: For the case that separate ROs are configured for 2-step RACH, separate preamble resource pool for 2-step RACH shall be configured with separate RACH-ConfigGeneric or a similar IE (detailed content of the IE is FFS).
In addition, in 4-step RACH, separate resource pool can be configured for the following:
· Basic RA resource pool, which is configured in RACH-ConfigCommon
· RA resource pool for CFRA (e.g. in handover), which is configured in CFRA
· RA resource pool for beam failure recovery, which is configured in BeamFailureRecoveryConfig
· RA resource pool for SI request in on demand SI, which is configured in SI-RequestConfig
For 2-step RACH, since only CBRA will be considered in this release and it has been agreed that the 2-step RACH is not applicable for Msg1 based SI request, the RA resource pool for CFRA, beam failure recovery and SI request will not be supported.
Proposal 5: For 2-step RACH, separate preamble resource pool (i.e. preamble resource configured with separate RACH-ConfigGeneric or similar IE) for CFRA, beam failure recovery and SI request are not supported in this release.
Besides the configuration of preamble resource pool, one additional issue is the configuration of mapping between ROs and beams (i.e. SSB). In 4-step RACH, the mapping between RO and SSB are determined by the following two IEs 
· totalNumberOfRA-Preambles
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB
The main intention of IE totalNumberOfRA-Preambles is to distinguish the preambles reserved for Msg1 based SI request. Since 2-step RACH is not applicable for Msg1 based SI request, the IE “totalNumberOfRA-Preambles” is not necessary. However, the IE “totalNumberOfRA-Preambles” can be used to reserve some consecutive preambles towards the end of the preamble space where as the “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” can only be used to reserve beams located in each interval “totalNumberOfRA-Preambles/ssb-perRACH-Occasion”.
[bookmark: _Hlk16662958]Observation 2: “totalNumberOfRA-Preambles” can be used to reserve some consecutive preambles located at the end of the whole 64 preambles, but the “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” can only be used to reserve preambles specific to beams located in each interval “totalNumberOfRA-Preambles/ssb-perRACH-Occasion” 
To have a more flexible design, (i.e. to potentially reserve the preambles at towards the end of the preamble space), and to reuse the two IEs “totalNumberOfRA-Preambles” and “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” to determine the mapping between ROs/preambles and SSBs it is proposed to use both these IEs for 2-step RACH configuration.
Proposal 6: For the case that separate ROs are configured for 2-step RACH, reuse the two IEs “totalNumberOfRA-Preambles” and “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” to determine the mapping between ROs/preambles and SSBs.
For the case of Shared RO
To support the option 2 that ROs are shared by 2-step RACH and 4-step RACH, the use of the same common resource pool shall be allowed for both the 4-step RACH and 2-step RACH, which can be enabled by not configuring the separate preamble resource pool (i.e. the RACH-ConfigGeneric for 2-step RACH or RACH-ConfigGeneric similar IE for 2-step RACH is absent).
Proposal 7: If separate preamble resource pool is not configured (i.e. the RACH-ConfigGeneric for 2-step RACH or RACH-ConfigGeneric similar IE for 2-step RACH is absent), 2-step RACH will share the ROs configured for 4-step RACH.
Since the same ROs are shared for 2-step RACH and 4-step RACH, the RACH type shall be determined by the preambles used for 2-step RACH and 4-step RACH. Based on the mapping rule between ROs/preambles and SSB, the following alternatives can be considered:
Alt1: The preambles for 2-step RACH will be allocated within the preambles reserved by IE “totalNumberOfRA-Preambles”, which is located at the tail of the whole 64 preambles. To allocate the RA preambles for 2-step RACH to each SSB, one new IE (e.g. CB-PreamblePerSSB-2stepRACH) will be introduced to indicate the number of preambles reserved for 2-step RACH for each SSB. Two examples are given as follow to illustrate the alternative 1. 


Figure 1: For the case ssb-perRACH-Occasion >1


Figure 2: For the case ssb-perRACH-Occasion <=1
[bookmark: _GoBack]Alt2: The preambles for 2-step RACH will be allocated within the preambles reserved by IE “ssb-perRACH-OccasionAndCB-PreamblesPerSSB”, which will be located at the tail of each interval “totalNumberOfRA-Preambles/ssb-perRACH-Occasion”. To allocate the RA preambles for 2-step RACH to each SSB, one new IE (e.g. CB-PreamblePerSSB-2stepRACH) will be introduced to indicate the number of preambles reserved for 2-step RACH for each SSB. Two examples are given as follow to illustrate the alternative 2.


Figure 3: For the case ssb-perRACH-Occasion >1


Figure 4: For the case ssb-perRACH-Occasion <=1
Based on the description given above, since the number of SSBs is the same for 2-step RACH and 4-step RACH, we think both alternatives are feasible. In addition, no matter which alternatives are adopted, one new IE (e.g. CB-PreamblePerSSB-2stepRACH) will be introduced to indicate the number of preambles reserved for 2-step RACH for each SSB. Considering the location of preamble reserved for 2-step RACH will be captured in RAN1 spec, we think the final decision on the location of preamble reserved for 2-step RACH shall be left to RAN1.
Proposal 8: For the case of Shared RO, one new IE (e.g. CB-PreamblePerSSB-2stepRACH) will be introduced to indicate the number of preambles reserved for 2-step RACH for each SSB, and the location of preamble reserved for 2-step RACH shall be determined by RAN1

ISSUE 4: PUSCH configuration for MsgA of 2-step RACH
Since the MsgA includes both preamble and PUSCH, the PUSCH configuration needs to be provided to UE as well, and the following two kinds of configuration shall be considered:
· Configuration for PUSCH resource
· Configuration for the mapping between preamble and PSUCH resource
Considering the parameters for PUSCH resource and the details of mapping rules between preamble and PUSCH resource are being discussed in RAN1, the detailed parameters shall be discussed and determined in RAN1. 
Observation 3: The parameters for the configuration of PUSCH resources and the detail of mapping rule between preamble and PUSCH shall be discussed and determined in RAN1.
In 4-step RACH, the UE will select the preamble based on the SSB selected and the mapping rule between preamble and SSB. In 2-step RACH, since MsgA include both preamble transmission and PUSCH transmission, thus UE needs to determine the PUSCH resource as well. For the selection of PUSCH resource, similar to the mapping rule between SSB and preamble, some kind of mapping between PUSCH resource and preamble resource will be captured in RAN1 specs. For 4-step RACH, in order to save the complexity, we simply specify in MAC that “the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to subclause 8.1 of TS 38.213 [6], corresponding to the selected SSB”, and the detailed mapping rule between SSB and preamble is transparent to MAC. Based on the similar consideration, to save the complexity in specification, it is proposed that the detailed mapping rule between preamble and PUSCH resource shall be transparent to MAC, and the MAC shall select the PUSCH resource according to the description in 38.213.
Proposal 9: The detailed mapping rule between preamble resource and PUSCH resource shall be transparent to MAC. Once preamble is selected, the MAC should select the corresponding PUSCH resource for MsgA transmission based on the description specified in 38.213.
Conclusions
Based on the discussion above, the following observations are shared: 
ISSUE 1: Timing to process the RACH type selection
Proposal 1: The UE shall first perform the UL carrier selection between SUL and NUL and then it should perform the RA type selection between 2-step RACH and 4-step RACH.

ISSUE 2: RACH type selection between 2-step RACH and 4-step RACH
Observation 1: The performance for PUSCH transmission/reception depends on parameters configured for PUSCH (e.g. PRB, MCS), and the NW shall be allowed to configure a PUSCH with better resource efficiency but a smaller coverage (compared to the coverage of preamble).

Proposal 2: One RSRP threshold can be configured for the 2-step RACH selection.
Proposal 3: The RACH type selection (i.e. between 2-step RACH and 4-step RACH) shall be made only once for each RACH procedure in the Random Access procedure initialization phase (i.e. 5.1.1 in 38.321).

ISSUE 3: RO configuration for 2-step RACH
· For the case of separate ROs
Proposal 4: For the case that separate ROs are configured for 2-step RACH, separate preamble resource pool for 2-step RACH shall be configured with separate RACH-ConfigGeneric or a similar IE (detailed content of the IE is FFS).
Proposal 5: For 2-step RACH, separate preamble resource pool (i.e. preamble resource configured with separate RACH-ConfigGeneric or similar IE) for CFRA, beam failure recovery and SI request are not supported in this release.
Observation 2: “totalNumberOfRA-Preambles” can be used to reserve some consecutive preambles located at the end of the whole 64 preambles, but the “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” can only be used to reserve preambles specific to beams located in each interval “totalNumberOfRA-Preambles/ssb-perRACH-Occasion” 
Proposal 6: For the case that separate ROs are configured for 2-step RACH, reuse the two IEs “totalNumberOfRA-Preambles” and “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” to determine the mapping between ROs/preambles and SSBs.

· For the case of Shared RO
Proposal 7: If separate preamble resource pool is not configured (i.e. the RACH-ConfigGeneric for 2-step RACH or RACH-ConfigGeneric similar IE for 2-step RACH is absent), 2-step RACH will share the ROs configured for 4-step RACH.
Proposal 8: For the case of Shared RO, one new IE (e.g. CB-PreamblePerSSB-2stepRACH) will be introduced to indicate the number of preambles reserved for 2-step RACH for each SSB, and the location of preamble reserved for 2-step RACH shall be determined by RAN1

ISSUE 4: PUSCH configuration for MsgA of 2-step RACH
Observation 3: The parameters for the configuration of PUSCH resources and the detail of mapping rule between preamble and PUSCH shall be discussed and determined in RAN1.
Proposal 9: The detail of mapping rule between preamble resource and PUSCH resource shall be transparent to MAC. Once preamble is selected, the MAC should select the corresponding PUSCH resource for MsgA transmission based on the description specified in 38.213.
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