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In this document the common user plane aspects of RACH partitioning are discussed for SDT, RedCap, CE and RAN-slicing WIs. 
2. Overall procedure
Until Rel-16, the UP procedure for RACH involves the following steps in that order: 
1. RA procedure is triggered by one of the RACH triggers
2. Carrier selection is performed (between NUL/SUL)
3. BWP selection is performed 
4. RA-Type selection is performed (between 2-step and 4-step RA) and RA specific variables are initialised
5. MSG1/MSGA transmission/retransmission (if needed) is initiated after selecting the appropriate preamble group (A/B)
6. Switching from 2-step RA to 4-step RA may happen if needed (The procedure goes back to step 4 for reinitialization of RA specific variables and continues from there in this case)
In Rel-17, we need to check how the above overall procedure needs to be modified to enable RACH partitioning for various features that require this. This is discussed in the subsequent sections. 
2.1. RACH triggering and initiation
RACH procedure may be triggered by one of the existing RACH triggers and once the procedure triggered, then MAC needs to determine the RACH resources to be used and invoke the RACH procedure. In order to do this, the feature set applicable to a given RACH procedure should be known to MAC. As noted in [1], for SDT, slicing and REDCAP it can be assumed that the feature-set is predetermined at RRC level.
Proposal 1: When RACH is initiated in MAC layer, the applicable feature set among SDT, REDCAP and Slicing is assumed to be known to MAC (i.e. RRC indicates this)
Unlike REDCAP, SDT and slicing, applicability of CE is determined based on the RSRP of the downlink pathloss reference. It is hence proposed that MAC determines the applicability of CE. However, one question is whether the RSRP threshold for CE is configured per carrier/BWP or is it configured per feature/feature set combination. For instance, a REDCAP UE may require repetitions much earlier (i.e. at a higher RSRP threshold) than a non-REDCAP UE. Also for RAN slicing, we see some benefit as well to enable separate CE RSRP threshold for normal NW slice and NW slice for emergency/critical/public safety use case.
Observation 1: We see some benefit to enable separate CE RSRP threshold for REDCAP UE and Non-REDCAP UE, or for normal NW slice and NW slice for emergency/critical/public safety use case
So, we think the RSRP threshold for CE/non-CE should be configured per feature-set combination.  
Proposal 2: Applicability of CE is determined within MAC and the RSRP threshold for CE/non-CE determination should be configured per RACH partition 
2.2. Carrier selection

When carrier selection is performed, the UE selects between NUL and SUL. From modelling perspective, we need to check whether carrier selection can be executed after the feature set is determined. 
For the carrier selection, the first issue needs to be clarified is whether separate carrier selection RSRP threshold can be configured for different RACH partition. For SDT, it has already been agreed that separate carrier selection RSRP threshold can be configured for SDT and Non-SDT UE. For REDCAP, considering the reduced capability of REDCAP UE, it seems also reasonable to enable the separate configuration of carrier selection RSRP threshold for REDCAP UE and Non-REDCAP UE.
Observation 2: Separate carrier selection RSRP threshold for SDT and Non-SDT UE has already been agreed in SDT session, and some benefits can be seen as well to for REDCAP and Non-REDCAP UE.
In addition, for RAN slicing, considering the intention of slice specific RACH resource is to enable the reservation of RACH resource for specific slices/customers, we see some benefit as well to allow customer to reserve slice specific RACH resource on NUL or SUL only, especially considering the resource on SUL will be quite limited in the field. Therefore, we think the SUL should be optional configured for each feature combination.
Proposal 3: For each RACH partition/feature combination, the SUL RACH resource is optionally configured, and separate carrier selection RSRP threshold can be configured. If carrier selection RSRP threshold is not configured for one RACH partition/feature combination, then there is no SUL RACH resource for the RACH partition/feature combination.
Based on the proposal above, NW can ensure that the selected feature combination is available on a given carrier by making the configuration of the RSRP threshold for carrier selection to be specific to the given RACH partition. And it can be ensured by the network that once a given RACH partition is selected, the RSRP threshold for the carrier selection can be tailored such that RACH resources exist on the given carrier. Therefore, the following proposal is made: 
Proposal 4: Carrier selection happens after the RACH partition is determined and it is up to network implementation to ensure that there is available RACH resource on the selected carrier (e.g., the RACH partition/feature combination specific carrier selection RSRP threshold can be chosen such that RACH resources exist on the carrier selected) 
2.3. BWP selection
For the selection of RACH partition, one question is how to model the BWP selection in the overall procedure. According to the discussion so far in each WIs, it seems separate BWP for initial access is only agreed for REDCAP, and the following procedures can be considered
· Alt1:If REDCAP BWP is configured, then REDCAP UE should select the REDCAP BWP.
· Alt 1-1: Introduce a default RACH partition on REDCAP BWP. If no suitable RACH partition can be selected, then the default RACH partition will be selected.
· Alt 1-2: No default RACH partition. It is up to NW to ensure the REDCAP UE can always find suitable RACH partition on the REDCAP BWP.
· Alt2: In case the RACH procedure is triggered by REDCAP UE, and REDCAP BWP is configured, the UE should try to select RACH partition on the REDCAP BWP first and select REDCAP BWP if any available RACH partition can be found; otherwise, if no available RACH partition can be found, then UE select legacy initial BWP and perform RACH partition selection accordingly. 
Proposal 5: Discuss and select one of the following alternatives for the BWP selection in initial access.
· Alt1:If REDCAP BWP is configured, then REDCAP UE should select the REDCAP BWP.
· Alt 1-1: Introduce a default RACH partition on REDCAP BWP. If no suitable RACH partition can be selected, then the default RACH partition will be selected.
· Alt 1-2: No default RACH partition. It is up to NW to ensure the REDCAP UE can always find suitable RACH partition on the REDCAP BWP.
· Alt2: In case the RACH procedure is triggered by REDCAP UE, and REDCAP BWP is configured, the UE should try to select RACH partition on the REDCAP BWP first and select REDCAP BWP if any available RACH partition can be found; otherwise, if no available RACH partition can be found, then UE select legacy initial BWP and perform RACH partition selection accordingly. 

2.4. RA-Type selection
The RACH type selection happens after the BWP selection is performed. On the initial BWP, it is the current assumption that 4-step RACH resources exist whilst 2-step RA resources may be optionally configured. On other BWPs, the network may configure either RACH resources for 2-step RA or 4-step RA or for both. Thus, the RA-type selection may now depend on the feature set that is selected. In other words, if on a given BWP and for the determined feature set combination, if RA-type resources exist for both 2-step and 4-step RA, then RA-type selection is performed and if not (i.e., only one RA resource exists), then the UE simply selects that RA-type. 
Proposal 6: On the selected BWP, if RA resources for both 2-step and 4-step RA exist the pre-determined feature set combination, then the UE performs RA-Type selection. If not (i.e., RA resources exist only for one RA-Type), then the UE simply selects that RA-Type for the rest of the RA procedure
In addition, one issue is whether it is allowed to configure a RACH partition with 2-step RACH resource only. According to current specs, 4-step RACH resource shall always be configured on initial BWP, but it is allowed to configure 2-step RACH only on dedicated BWP. Therefore, for the RACH partition on dedicated BWP, with the UE capability, the NW can ensure the RA type configured is always supported by UE and it should be allowed to configure the RACH partition with 2-step RACH only. However, for initial BWP, it is FFS whether we stick to current principle that 4-step RACH shall always be configured for each RACH partition on initial BWP. Considering legacy RACH resource can always be selected, the following two alternatives can be considered for initial BWP:
Alt1: For the RACH partition on initial BWP, 4-step RACH resource shall always be configured.
Alt2: It is allowed to configure 2-step RACH only in a RACH partition on initial BWP. If 2-step RACH is not supported by the UE, then the RACH partition with only 2-step RACH will be considered as not avaliable in the RACH partition selection.
Proposal 7: For the configuration of RACH partition with 2-step RACH only, discuss and select one of the following alternatives:
· Alt1: For the RACH partition on initial BWP, 4-step RACH resource shall always be configured.
· Alt2: It is allowed to configure 2-step RACH only in a RACH partition on initial BWP. If 2-step RACH is not supported by the UE, then the RACH partition with only 2-step RACH will be considered as not avaliable in the RACH partition selection.

Proposal 8: Once RA-Type is determined, the UE initialises the RACH procedure related variables based on the selected RA-Type using the configured parameters on the selected RACH resource pool determined based on the feature set combination
2.5. MSG1/MSGA transmission/retransmissions
Once the RA specific variables are initialised, the rest of the RA procedure can proceed as in legacy. i.e. the UE can determine the preamble resources based on group A/group B selection and transmit MSG1/MSGA over the selected resource. Thus, the subsequent RA procedure can be transparent to the Rel-17 RACH portioning related changes. However, one question is whether the RACH resources can be assumed to remain unchanged during the subsequent RACH transmissions. For SDT, REDCAP and RAN-slicing, it is reasonable to assume that once RA procedure is initiated, the selected feature combination doesn’t change. 
However, for CE, the RACH resource seems to change much more dynamically. Thus, for CE, the SSB selection has to happen first and then the MAC layer has to determine whether or not CE can be applicable. However, once the UE triggers the RACH procedure, the other feature combinations are already pre-determined. So, if CE resource exists, then UE may select CE if conditions for CE are satisfied and if not (i.e. either CE resource doesn’t exist or CE conditions are not satisfied) then the UE transmits the RACH over non-CE resource.  
Proposal 9: Once a given feature set combination is selected for the RACH procedure, this remains unchanged for the rest of the RACH procedure for SDT, REDCAP and RAN-Slicing
Proposal 10: In case of CE, the RACH resource is selected after determining the SSB and if CE conditions are fulfilled and if CE RACH resources exist for the pre-determined feature set combination, then UE may use CE RACH resources and otherwise the UE uses non-CE RACH resources
2.6. Switching from 2-step RACH to 4-step RACH
As in Rel-16, switching from 2-step RACH to 4-step RACH may be possible if both RACH resources are configured on a given BWP. The same can be assumed to be applicable also in Rel-17. It should however be noted that the switching is only allowed if both RACH resources exist on the given BWP for the predetermined feature set combination. 
Proposal 11: For a given feature set combination, if 4-step RACH resources exist on a given BWP then switching from 2-step RACH to 4-step RACH can happen (based on legacy rules for the switching)
3. Conclusion and proposals
Proposal 1: When RACH is initiated in MAC layer, the applicable feature set among SDT, REDCAP and Slicing is assumed to be known to MAC (i.e. RRC indicates this)
Observation 1: We see some benefit to enable separate CE RSRP threshold for REDCAP UE and Non-REDCAP UE, or for normal NW slice and NW slice for emergency/critical/public safety use case
Proposal 2: Applicability of CE is determined within MAC and the RSRP threshold for CE/non-CE determination should be configured per RACH partition 
Observation 2: Separate carrier selection RSRP threshold for SDT and Non-SDT UE has already been agreed in SDT session, and some benefits can be seen as well to for REDCAP and Non-REDCAP UE.
Proposal 3: For each RACH partition/feature combination, the SUL RACH resource is optionally configured, and separate carrier selection RSRP threshold can be configured. If carrier selection RSRP threshold is not configured for one RACH partition/feature combination, then there is no SUL RACH resource for the RACH partition/feature combination.
Proposal 4: Carrier selection happens after the RACH partition is determined and it is up to network implementation to ensure that there is available RACH resource on the selected carrier (e.g., the RACH partition/feature combination specific carrier selection RSRP threshold can be chosen such that RACH resources exist on the carrier selected) 
Proposal 5: Discuss and select one of the following alternatives for the BWP selection in initial access.
· Alt1:If REDCAP BWP is configured, then REDCAP UE should select the REDCAP BWP.
· Alt 1-1: Introduce a default RACH partition on REDCAP BWP. If no suitable RACH partition can be selected, then the default RACH partition will be selected.
· Alt 1-2: No default RACH partition. It is up to NW to ensure the REDCAP UE can always find suitable RACH partition on the REDCAP BWP.
· Alt2: In case the RACH procedure is triggered by REDCAP UE, and REDCAP BWP is configured, the UE should try to select RACH partition on the REDCAP BWP first and select REDCAP BWP if any available RACH partition can be found; otherwise, if no available RACH partition can be found, then UE select legacy initial BWP and perform RACH partition selection accordingly. 
Proposal 6: On the selected BWP, if RA resources for both 2-step and 4-step RA exist the pre-determined feature set combination, then the UE performs RA-Type selection. If not (i.e., RA resources exist only for one RA-Type), then the UE simply selects that RA-Type for the rest of the RA procedure
Proposal 7: For the configuration of RACH partition with 2-step RACH only, discuss and select one of the following alternatives:
· Alt1: For the RACH partition on initial BWP, 4-step RACH resource shall always be configured.
· Alt2: It is allowed to configure 2-step RACH only in a RACH partition on initial BWP. If 2-step RACH is not supported by the UE, then the RACH partition with only 2-step RACH will be considered as not avaliable in the RACH partition selection.
Proposal 8: Once RA-Type is determined, the UE initialises the RACH procedure related variables based on the selected RA-Type using the configured parameters on the selected RACH resource pool determined based on the feature set combination
Proposal 9: Once a given feature set combination is selected for the RACH procedure, this remains unchanged for the rest of the RACH procedure for SDT, REDCAP and RAN-Slicing
Proposal 10: In case of CE, the RACH resource is selected after determining the SSB and if CE conditions are fulfilled and if CE RACH resources exist for the pre-determined feature set combination, then UE may use CE RACH resources and otherwise the UE uses non-CE RACH resources
Proposal 11: For a given feature set combination, if 4-step RACH resources exist on a given BWP then switching from 2-step RACH to 4-step RACH can happen (based on legacy rules for the switching)
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