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1. Introduction
In Rel-17 several features (i.e. SDT, CovEnh, RedCap and RAN slicing) saw the need of RACH indication and partitioning to enable early identification of the feature. In last RAN2 meeting, we have made the following agreements on the common signalling for RACH indication and partitioning:
	Agreements:
1.	Preamble partitioning is defined on a feature and/or feature combination basis.  FFS on signalling.  2step RA and CE is excluded, if RAN1 decided to exclude
2.	Preambles associated with a Rel-17 feature should never be chosen by legacy UEs in the case of RO sharing.  
3.	New feature and/or feature combination specific preambles can be defined in a) Separate time-frequency resources, not defined through legacy RRC signalling, b) Within the Contention free preamble resources (i.e. within the preambles not used for contention based) defined through legacy RRC signalling.  FFS on c) Within the “not available” preambles defined at the end of a RO through the legacy  totalNumberOfRA-Preambles



In this contribution we discuss the open issues on the aspects of RACH indication and partitioning and related configuration common for all the impacted WIs.
2. Discussion
2.1	Existing RACH configuration summary
4-step CBRA resources (i.e. both RO and preambles) are configured in RACH-ConfigCommon IE in SIB1 while 2-step CBRA resources are configured in RACH-ConfigCommonTwoStepRA IE in SIB1. RACH resources are shared between 2-step RA and 4-step RA either by using separate ROs or separate preambles in shared ROs. If separate RO parameters are included in RACH-ConfigGenericTwoStepRA (e.g. msgA-PRACH-ConfigurationIndex, msgA-RO-FDM-r16 and msgA-RO-FrequencyStart), new ROs for 2-step RA are assigned, different from the ones used for 4-step RA. If separate RO parameters are not configured, ROs for 2-step RA are shared with 4-step RA. In order to reduce impact to 4-step RA, network can indicate a subset of ROs provided for sharing with 4-step RA using msgA-SSB-SharedRO-MaskIndex parameter. If msgA-SSB-SharedRO-MaskIndex is absent, all ROs are shared.
Observation 1: In the current specifications, RACH partitioning is used to support both 2-step RA and 4-step RA types. 
Apart from RACH partitioning for 2-step and 4-step RA, RACH partitioning is also required due to multi-beam cell operation since Rel-15 of NR. For a cell with multiple DL beams, RACH resources distribution among different SSBs enables early identification of the good DL beam. This is applicable to both 2-step RA and 4-step RA and the exact configuration depends on whether ROs are shared between RA types or not. In case separate ROs are used, RACH resources to SSB mapping is separately configured for 4-step RA and 2-step RA by SSB-PerRACH-OccasionAndCB-PreamblesPerSSB and msgA-SSB-PerRACH-OccasionAndCB-PreamblesPerSSB respectively. For shared ROs, the RO to SSB mapping is common for 2-step RA and 4-step RA (i.e. both use SSB-PerRACH-Occasion provided in RACH-ConfigCommon) while preambles to SSBs mapping is indicated separately (i.e. there is a dedicated CB-PreamblesPerSSB parameter provided in both RACH-ConfigCommon and RACH-ConfigCommonTwoStepRA).
Observation 2: In the current specifications, RACH resources are partitioned by mapping different ROs and preambles to different SSBs. 
Furthermore, in order to allow the network to know the potential MSG3 or MSGA size, preambles can be additionally divided into two groups. The UE selects group A if data size is smaller than the threshold, and otherwise the UE selects group B.
Observation 3: RACH resources are further partitioned when group A and group B preambles are configured in the cell.
As mentioned in the Introduction section, several features being developed in Rel-17 aim to utilize RACH partitioning mechanism for early feature indication. As can be seen in the table below, the discussions so far mainly focused on distinguishing Rel-17 feature specific RA attempt from legacy RA attempt. 
	Agreements summary

	SDT
	RedCap
	CovEnh
	RAN slicing

	· Separate RO + preamble combination is used to distinguish between SDT and non-SDT 
· Use of common RACH resources will not be precluded if possible via implementation
· Both 2-step RA and 4-step RA was agreed for SDT access
	· Early indication at least in Msg1
· FFS details e.g. separate initial UL BWP, separate PRACH resource, PRACH preamble partitioning
· FFS whether 2-step RA is supported

	· Separate preamble with shared RO between CovEnh UE and legacy UEs was agreed.
· Only 4-step RA is supported
· FFS for separate RO

	· For a slice group, separate RO and/or separate preamble can be configured.
· Both 2-step RA and 4-step RA was agreed




It has not been considered so far in WI-specific discussion that there are also other features requiring RACH partitioning, while this leads to several points that need to be considered:
1. How to design RACH configuration in a way that addresses the needs of each of the features.
2. How to design RACH configuration in a way that allows the UEs to utilize a combination of different Rel-17 features. 
3. How to minimize the impact of different features on RACH partitioning, keeping in mind that RACH resources are scarce.
2.2 Feature combinations
As mentioned above, different features are currently being developed separately, but eventually it is expected that at least some of them will be combined, i.e. implemented together in the devices and networks. Therefore, it is necessary to discuss what feature combinations should be supported by RACH configuration in Rel-17 not to limit the deployment/implementation flexibility. The table below summarizes all the potential feature combinations together with our view for each of them.
	  Feature combinations for Rel-17

	SDT
	RedCap
	CovEnh.
	RAN slicing
	

	
	
	
	(SDT + RedCap)
RRC Inactive can also be configured for RedCap UE and SDT is beneficial for RedCap UE with small data as well.

	
	
	
	(RedCap + CovEnh)
Redcap UE in limited coverage benefits from CovEnh.

	
	
	
	(CovEnh + Slicing)
Some slices benefit from CovEnh when UE is in limited coverage.

	
	
	
	
	(SDT + Slicing)
Some slices benefit from SDT, e.g. with per slice SDT-RACH configuration.

	
	
	
	
	(SDT + CovEnh)
UEs in bad conditions may also send small data using msg3 repetition. The use case has been confirmed in LTE where EDT with repetition has been introduced in LTE.

	
	
	
	
	(RedCap + Slicing)
Redcap UEs can be assigned to specific slices.

	
	
	(SDT + RedCap + CovEnh)
SDT benefits for RedCap UEs in limited coverage as well as normal UE.

	
	
	
	(SDT + RedCap + Slicing)
SDT is beneficial for RedCap UEs with specific slices as well.

	
	
	
	(SDT + CovEnh + Slicing)
UEs utilizing coverage enhancement may be configured with specific slices as well.

	
	
	(RedCap + CovEnh + Slicing)
RedCap UE in limited coverage can be configured with some specific slices.

	
	(SDT + RedCap + CovEnh + Slicing)
SDT benefits for RedCap UEs in limited coverage configured with some specific slices.



Based on the above analysis, it can be seen that all the combinations are somehow justified. The applied combination will eventually depend on the network deployment and requirements of a specific use case and implementation. What is more, there can be additional features introduced in future releases that may benefit from being combined with Rel-17 features. Therefore, we believe it is beneficial to design RACH configuration in a way which is universal and does not restrict any features from being combined. This does not automatically mean that all the above combinations will be supported by RAN2 in Rel-17. There may be some additional impacts on specifications stemming from a certain combination which should be analysed by RAN2 case by case. This is however out of scope of the discussion on RACH partitioning issue. Based on this we propose:
Proposal 1: There is no need to restrict the feature combinations supported by RACH partition configuration in specifications, i.e. it can be left up to network configuration which RACH partitions to provide. 
2.3 RACH configuration
It has been agreed that the specific preambles for a new feature and/or feature combination can be defined in separate time-frequency resources (i.e. separated ROs) or within the contention free preamble resources defined through legacy RRC signalling. FFS whether the specific preambles can be defined in the “not available” preambles defined at the end of a RO through the legacy totalNumberOfRA-Preambles.  
2.3.1 RACH configuration with separate ROs
Considering that currently RA resources provided in both RACH-ConfigCommon IE and RACH-ConfigCommonTwoStepRA IE enable using separate ROs for 4-step RA and for 2-step RA, it is possible to configure additional RACH configurations for the newly introduced features and/or feature combinations, i.e. having ROs separate from legacy ROs as shown in Figure 1. Since there is a maximum of 64 preambles available per RO, a single additional configuration may not always be sufficient, considering the number of the features which are using indications via RACH in Rel-17 and potentially in future releases. Therefore, there should be a possibility to configure one or more such RACH configurations. 
Proposal 2: It should be possible to configure one or more separate RA configuration(s) (not defined through the existing signaling) for Rel-17 features and feature combinations for both 4-step RA and 2-step RA.
It has been discussed and the majority of companies agreed in the email discussion that signalling should allow that a particular feature/feature combination can be mapped only to a subset of the RACH occasions of a RACH configuration or not. In our understanding, whether the particular separate RO configuration is dedicated to a single feature or to a feature combination may depend on how many features or feature combinations are supported in the deployed cell and how many access attempts are expected for a specific feature or feature combination. If the cell supports many features or feature combinations for which RACH partitioning is required, there could be two options to provide ROs for them:
1. Configure a separate RO set (i.e. separate RACH configuration) for each feature or feature combination (see RO set 2 in Figure 1)
2. Allow for RO configuration to be shared for multiple features or feature combinations by using a mask index indicating a subset of ROs within the RO set which is applicable to a specific feature or feature combination (see RO set 3 or RO set 4 in Figure 1). 
The first approach probably is able to provide more flexibility and would be slightly simpler from configuration perspective. On the other hand, it would increase a configuration overhead leading to a larger SIB1 and would increase the RNTI collision issue, as discussed in our companion paper in [1]. For these reasons, we have a preference towards the second approach.
Proposal 3: Each RACH configuration (not defined through the existing signaling) can be shared by multiple features. A specific subset of ROs can be configured to a specific feature or a feature combination using a separate RO mask index value.
Proposals 2 and 3 would result in a RACH configuration structure example of which is presented in Figure 1.
 [image: ]
Figure 1: an example of separate RO for Rel-17 features
2.3.2 RACH configuration with shared ROs 
Using the preamble partitions when the ROs are shared has been agreed in the last meeting. When the ROs are shared, the following two cases can be considered:
Case 1: The Rel-17 feature or feature combination can use the ROs of the legacy RA, i.e., the ROs configured in the existing RACH-ConfigCommon IE and RACH-ConfigCommonTwoStepRA IE. 
When the ROs are shared between the legacy RACH procedure and the introduced Rel-17 features, the preambles for the shared RO need to be partitioned to be dedicated for each feature. Following the similar principles as used for 2-step RACH, using separated ROs or separate preamble partitions within the CFRA preambles per SSB for legacy RACH for the shared ROs is sufficient. Figure 2 and figure 3 show the preamble partitions in the ROs for 4-step RACH and the ROs for 2-step RACH, respectively. For each type of RACH, the preambles can be further partitioned by SSBs and preamble groups (groupA and groupB).
[image: ]
Figure 2: RO sharing between legacy 4-step RA and 4-step RA for Rel-17 feature or feature combination with preamble partitioning 

[image: ]
Figure 3: RO sharing between legacy 2-step RA and 2-step RA for Rel-17 features or feature combinations with preamble partitioning 
In Rel-16, the ROs for 4-step RACH can be shared or partially shared with 2-step RACH. In this case, after the introduction of Rel-17 features or feature combinations, the preambles for these ROs need to be further partitioned to each newly introduced Rel-17 features or feature combinations which share the ROs. For example, the 4-step RACH and 2-step RACH of Rel-17 feature 1 and the 4-step RACH of Rel-17 feature combination 2 share the ROs for legacy 4-step RACH and 2-step RACH, as shown in Figure 4.
[image: ]
Figure 4: RO sharing between legacy 2/4-step RA and 4-step RA for Rel-17 features and feature combinations with preamble partitioning 
Similarly as in the case of RO sharing between 2-step RACH and 4-step RACH, an RO mask index can be used to indicate ROs shared between legacy RACH and RACH of Rel-17 feature or feature combination. 
Proposal 4: RO mask index (per feature combination and RA type) can be used to indicate a subset of legacy ROs which are shared with Rel-17 feature(s) or feature combination(s).

Case 2:  The ROs separate from legacy ROs can be configured by additional RACH configuration as mentioned in subsection 2.3.1, which can be shared by more than one Rel-17 features or feature combinations.
As RACH-ConfigCommon IE or RACH-ConfigCommonTwoStepRA IE may not be able to provide sufficient resources for all features or feature combinations, it would be beneficial to introduce additional common PRACH resources using a separate RA configuration for one or more Rel-17 features or feature combinations, as proposed in subsection 2.3.1. For the shared ROs, the dedicated preamble partition should be assigned for each Rel-17 feature or feature combination, as shown in Figure 5. Sharing ROs configured with this separate RA configuration would also allow to reduce the overhead of PRACH resources. 
[bookmark: _GoBack][image: ]
Figure 5: RO sharing between Rel-17 features and feature combinations with preamble partitioning
Proposal 5: RO can be shared between Rel-17 features or feature combinations. Each access type / feature / feature combination is assigned a dedicated set of preambles.
As shown in the above figures, when the ROs used by the Rel-17 feature or feature combination are shared with legacy RACH or other Rel-17 features or feature combinations, it is necessary to indicate the starting preamble and the number of CB preambles per SSB for each feature or feature combination to UE. Considering the UE may not support all the features or feature combinations sharing the ROs, the starting preamble for each feature or feature combination is preferably indicated by the preamble index of the first preamble that can be used for each feature or feature combination.  
Proposal 6: The starting preamble index and the number of preambles per SSB for an RA type can be configured per each feature and feature combination.
2.4 Feature specific configuration
To achieve the above RACH configuration for each feature and feature combination, the structure of the RACH configuration including RO configuration and preamble configuration needs to be discussed. In addition, it is worth noting RAN2 agreed in previous meeting that the RACH related parameters in the following table can be SDT specific, meaning that these parameters should also be considered for other R17 feature and feature combination.
	1. RSRP threshold for carrier selection is specific to SDT (i.e. separately configured for SDT).  This is optional for the network.
2. RSRP threshold for RA type selection is specific to SDT (i.e. separately configured for SDT).
3. SSB selection related parameters, i.e., rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB.
4. Power control related parameters, i.e., preambleReceivedTargetPower/gA-PreambleReceivedTargetPower, powerRampingStep/msgA-PreamblePowerRampingStep,  msg3-DeltaPreamble/msgA-DeltaPreamble.
5. Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT.


As describe in section 2.1, the contention based RACH related configuration for 4-step CBRA and 2-step CBRA are configured by RACH-ConfigCommon IE and RACH-ConfigCommonTwoStepRA IE in SIB1 in current spec, including RACH resource configuration (i.e., rach-ConfigGeneric, totalNumberOfRA-Preambles and ssb-perRACH-OccasionAndCB-PreamblesPerSSB), groupB configuration (i.e., ra-Msg3SizeGroupA, messagePowerOffsetGroupB, numberOfRA-PreamblesGroupA), ContentionResolutionTimer and RSRP (i.e., rsrp-ThresholdSSB and rsrp-ThresholdSSB-SUL), etc. Similarly, the above parameters should also be included in the RACH configuration for each feature and feature combination.
Proposal 7: The following parameters can be configured as feature/feature combination specific within RACH configuration:
· RSRP threshold for RA type selection
· SSB selection related parameters, i.e., rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB
· Power control related parameters, i.e., preambleReceivedTargetPower/msgA-PreambleReceivedTargetPower, powerRampingStep/msgA-PreamblePowerRampingStep,  msg3-DeltaPreamble/msgA-DeltaPreamble.
· Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT
· msgA-CB-PreamblesPerSSB-PerSharedRO
· msgA-PUSCH-ResourceGroupA
· msgA-PUSCH-ResourceGroupB

As mentioned in section 2.3, multiple feature specific RACH configurations may be required in the network to provide sufficient RACH capacity for all features deployed in the network. This can be implemented in RRC signaling, e.g. using a RACH-ConfigList-R17 IE including a list of RACH-Config-r17, where each RACH-Config-r17 can be used by one or more R17 feature or feature combinations. In each set of parameters corresponds to the RACH related configuration of each R17 feature and feature combination, the feature specific or feature combination specific configuration is used when configured, otherwise, UE selects the legacy parameters.
RACH-ConfigList-r17 SEQUENCE (SIZE(1…maxRACHConfigList) OF RACH-Config-r17  OPTIONAL   -- Need M 
 
RACH-Config-r17 ::= SEQUENCE { 
    RACH-ResourceFeatureCombinationList-r17    SEQUENCE (SIZE{1..maxFeatureCombList}) OF RACH-ResourceFeatureCombination,   
[bookmark: OLE_LINK4] 
    rach-ConfigCommon-r17          SetupRelease { RACH-ConfigCommon }       OPTIONAL,   -- Need M 
    msgA-ConfigCommon-r17          SetupRelease { MsgA-ConfigCommon-r16 }   OPTIONAL    -- Need M 
} 

RACH-ResourceFeatureCombination ::= SEQUENCE { 
ssb-SharedRO-MaskIndex-r17            INTEGER (1..15)                      OPTIONAL, -- Need S
startingPreambleIndex-r17             INTEGER (0..63)                      OPTIONAL, -- Need S
tolalNumberofRA-Preambles-r17        INTEGER (1..63)                      OPTIONAL, -- Need S
cb-PreamblesPerSSB-PerSharedRO-r17  INTEGER (1..60)                      OPTIONAL, -- Need S
groupBconfigured             SEQUENCE {
    ra-Msg3SizeGroupA                    ENUMERATED {b56, b144, b208, ...},
    messagePowerOffsetGroupB            ENUMERATED { minusinfinity, dB0, dB5, dB8, ...},
    numberOfRA-PreamblesGroupA          INTEGER (1..64)
    }                                                                            OPTIONAL,   -- Need R
ra-ContentionResolutionTimer        ENUMERATED { sf8, sf16, sf24, ...},
rsrp-ThresholdSSB                     RSRP-Range                            OPTIONAL,   -- Need R
// any feature or feature combination specific parameters can be added here
FeatureCombiantionIndication ::= SEQUENCE {
redCap               ENUMERATED {true} OPTIONAL,
smallData               ENUMERATED {true} OPTIONAL,
slicing             ENUMERATED {true} OPTIONAL,
covEnh              ENUMERATED {true} OPTIONAL,
...,
potentialRel18Feature  ENUMERATED {true} OPTIONAL
}
}

Proposal 8: RAN2 to consider the above feature combination specific RACH configuration as a baseline. 
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1: In the current specifications, RACH partitioning is used to support both 2-step RA and 4-step RA types. 
Observation 2: In the current specifications, RACH resources are partitioned by mapping different ROs and preambles to different SSBs. 
Observation 3: RACH resources are further partitioned when group A and group B preambles are configured in the cell.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: There is no need to restrict the feature combinations supported by RACH partition configuration in specifications, i.e. it can be left up to network configuration which RACH partitions to provide. 
Proposal 2: It should be possible to configure one or more separate RA configuration(s) (not defined through the existing signaling) for Rel-17 features and feature combinations for both 4-step RA and 2-step RA.
Proposal 3: Each RACH configuration (not defined through the existing signaling) can be shared by multiple features. A specific subset of ROs can be configured to a specific feature or a feature combination using a separate RO mask index value.
Proposal 4: RO mask index (per feature combination and RA type) can be used to indicate a subset of legacy ROs which are shared with Rel-17 feature(s) or feature combination(s).
Proposal 5: RO can be shared between Rel-17 features or feature combinations. Each access type / feature / feature combination is assigned a dedicated set of preambles.
Proposal 6: The starting preamble index and the number of preambles per SSB for an RA type can be configured per each feature and feature combination
Proposal 7: The following parameters can be configured as feature/feature combination specific within RACH configuration:
· RSRP threshold for RA type selection
· SSB selection related parameters, i.e., rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB
· Power control related parameters, i.e., preambleReceivedTargetPower/msgA-PreambleReceivedTargetPower, powerRampingStep/msgA-PreamblePowerRampingStep,  msg3-DeltaPreamble/msgA-DeltaPreamble.
· Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT
· msgA-CB-PreamblesPerSSB-PerSharedRO
· msgA-PUSCH-ResourceGroupA
· msgA-PUSCH-ResourceGroupB
Proposal 8: RAN2 to consider the above feature combination specific RACH configuration as a baseline.
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