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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 RAN2#116e meeting, we have made the following agreements in the aspect of the common signalling for RACH partitions. 
Agreements:
1. No new feature and/ feature combination specific preambles are defined within the “not available” preambles defined at the end of a RO through the legacy totalNumberOfRA-Preambles
1. Specification allows for use of Separate time-frequency resources, not defined through legacy RRC signalling, within Contention free preamble defined through legacy RRC signaling and the combination of these (i.e. using the reserved preamble at the end of SSBs like 2-step RACH)
1. RAN2 baseline is that preambles for a particular feature combination shall be present in all SSBs (e.g., a feature combination cannot only have preambles in SSB0 but not SSB1)
4	As a baseline, a feature combination shall have the same number of preambles in all SSBs
5	Signalling should allow that a particular feature/feature combination can be mapped only to a subset of the RACH occasions of a RACH configuration.
6	The legacy masking index approach is reused in Rel-17 RA partitioning
7	RAN2 adopts Approach A as baseline (an IE contains one field for each of the features) for indicating which feature/feature combination a partition applies to. Details are FFS, e.g. details around slicing.  FFS how to encode and design the signaling in a future compatible way (i.e. naming)
8	As a baseline, multiple "RA partitions" for one RA type which map to the same feature/feature combination is not supported on a given BWP.  FFS if there is any special use case that requires multiple RA partition configuration.   

Furthermore, an e-mail discussion on the signaling structure took place after RAN2#116 meeting, which is summarized in [1]. In this contribution, we elaborate on open issues resulting from this discussion as well as further details of the RACH configuration framework.
2. Discussion
2.1 Eligible feature combinations
We have agreed that the RACH partitioning is defined on a feature and/or feature combination and that the network does not have to provide all the required permutations for all the supported features. What has to be still confirmed is whether there are any feature combinations that need to be prevented by configuration. 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. 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, which should focus on the providing a common and flexible signalling framework. 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.
As mentioned by several companies in the last meeting, the main rationale for having msg1 indication for RAN slicing was to be able to distinguish access intended for different slices at an early stage. RAN slice WI made the following agreements in relation to this:
	· In a cell, there may be multiple slice-specific RACH configurations.
· One or more of the slice groups are linked to a slice-specific RACH configuration.
· There may be slice groups that are not linked to a slice-specific RACH configuration (they use the common RACH configuration).
· All slices of a slice group use the slice-specific RACH configuration of the slice group.



Therefore, it should be possible to include one or more slice group IDs in the feature combination indication, for example:
FeatureCombination ::= SEQUENCE {
redCap				ENUMERATED {true}  OPTIONAL,
smallData			ENUMERATED {true}  OPTIONAL,
slicingGroupIdList            	             SlicingGroupIdList OPTIONAL,
covEnh				ENUMERATED {true}  OPTIONAL,
...,
}

SlicingGroupIdList         SEQUENCE (SIZE(1..maxSliceGroup)) OF SliceGroupId  OPTIONAL

Proposal 2: It should be possible to include one or more slice group IDs in the feature combination indication.
Another baseline agreed in the last meeting is that multiple "RA partitions" for one RA type which map to the same feature/feature combination is not supported on a given BWP. However, as explained above, for RAN slicing it is natural that multiple RACH partitions may be required. In our understanding, the intention of this agreement was not to preclude such case, but it was rather made to avoid problems with RACH partition selection in case more than one fits UE’s access type. In order to avoid this, it can be clarified that there should be no multiple RACH partitions for the same slice group/group ID for the same feature combination.  With that respect, a specific slice group can be seen as corresponding to one feature.
Proposal 3: There should be no multiple RACH partitions configured for the same slice group (in combination with the same set of other features).
In the draft CR proposed for post-RAN2#116 e-mail discussion, the following definition of FeatureCombination IE is proposed:
	FeatureCombination ::= 	SEQUENCE {
	redCap								ENUMERATED {true} 	OPTIONAL,
	smallData							ENUMERATED {true} 	OPTIONAL,
	slicing								ENUMERATED {true}	OPTIONAL,	-- Editor's note: TBD if this should be a multi-bit indication.
	covEnh								ENUMERATED {true} 	OPTIONAL,
	...,
}



For future compatibility this IE should be extensible and it was proposed to achieve this with “…” extension mark. However, it should be noted that usage of this extension mark may lead to misinterpretation by legacy UEs, i.e. the ones which will not support future releases and will not be able to understand that the feature combination indicates some additional features. Because of that, such UEs may improperly utilize a certain RACH partition even though it was not intended for them. The issue was raised during the e-mail discussion and the rapporteur proposed to discuss further whether to use extension markers or spares in the signaling design. We believe the latter allows to avoid the issues with backward compatibility and is therefore a preferred way. A simple example is presented below (but the number of spare values has to be further discussed):
FeatureCombination ::= SEQUENCE {
redCap				ENUMERATED {true}  OPTIONAL,
smallData			ENUMERATED {true}  OPTIONAL,
slicingGroupIdList            	             SlicingGroupIdList OPTIONAL,
covEnh				ENUMERATED {true}  OPTIONAL,
feature_for_future_release                  ENUMERATED {true}  OPTIONAL,
}

Proposal 4: To define the feature combination indication in both future and backwards compatible way, spare values are introduced in FeatureCombination IE for use by features potentially introduced in future releases.
2.2 RACH configuration
RACH parameters configuration
Currently the RACH configurations including RO configurations for 4-step RACH and 2-step RACH are provided by RACH-ConfigCommon IE and RACH-ConfigCommonTwoStepRA IE, respectively. Therefore we need to ensure that the RACH configurations can be provided for 4-step RACH and 2-step RACH for the newly introduced Rel-17 feature/feature combination. 
First of all, it should be noted that many parameters have been agreed to be feature specific. For SDT, for example, the 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) and preamble group related parameters (i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT) have been agreed to be RA-SDT specific. For RAN slicing, it is also agreed to configure RACH prioritization parameters (i.e., scalingFactorBI and powerRampingStepHighPriority) per slice group.
Furthermore, we may extend these feature-specific parameters to other features to maintain the unification of RACH configuration as much as possible. For example, separate powerRampingStep and scalingFactorBI can also be used by RedCap UEs. A smaller power ramping step or a larger BI scaling factor can reduce the impact of RedCap UEs with lower priority on the access of legacy UEs. On the other hand, when the service of RedCap UE is of higher priority, like public safety related industrial sensors, the network can configure higher priority RACH parameters for RedCap UEs, such as larger power ramping step or smaller BI scaling factor than legacy UE, so that RedCap UEs can access quickly.
It should be noted that a related proposal is given in [2], namely:
“Proposal 7: In general, RACH parameters (e.g. power ramping step, max RACH transmissions etc) are configured per RACH partition rather than per feature within the partition.”
However, there is no formal definition of the “RACH partition”, so there is a risk this proposal may be misinterpreted. According to RAN2 agreements, a RACH configuration can be shared by multiple feature combinations and the ROs and preambles of this RACH configuration are divided into several disjoint subsets, each dedicated to a specific feature combination. Then, a RACH partition should be defined as one subset associated with a feature combination.
Proposal 5: A RACH partition is defined as a subset of ROs and preambles of a RACH configuration and is associated with a specific feature combination.
If the proposal above agreed, then also Proposal 7 from [2] is correct. However, we notice the configuration of RACH parameters in the current RRC running CR is inconsistent with this conclusion. Taking the parameter powerRampingStep as an example, it is now configured following RACH-ConfigCommon-r17 -> RACH-ConfigCommon -> RACH-ConfigGeneric -> powerRampingStep. It seems that this parameter is set per RACH configuration, i.e., all RACH partitions that share this RACH configuration use the same powerRampingStep. But the parameter powerRampingStep has been agreed to be SDT-specific, and the network may set larger value of powerRampingStep for RedCap UE to have them access quickly. Hence, in the above example, the parameter powerRampingStep should be configured separately for different RACH partitions, rather than be the same in a RACH configuration. Therefore we propose, to agree the following:
Proposal 6: It should be possible to configure at least the following parameters per RACH partition (i.e. as feature combination specific):
· 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/ powerRampingStepHighPriority/msgA-PreamblePowerRampingStep
· Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT, ra-Msg3SizeGroupA/ra-MsgA-SizeGroupA
· msgA-CB-PreamblesPerSSB-PerSharedRO
· scalingFactorBI 
· powerRampingStepHighPriority
[bookmark: _GoBack]Furthermore, the existing 2-step RACH configuration, i.e., MsgA-ConfigCommon includes the configurations of MsgA preamble part and the configurations of MsgA PUSCH part. After selecting the preamble and RO for the current RACH procedure, UE can determine the MsgA PUSCH resource based on the defined mapping rule. It should be noted that, e.g. PUSCH for SDT will normally provide a bigger grant than for non-SDT access. Therefore, signalling should allow to configure MsgA PUSCH parameters per feature/feature combination for both separated RO and shared RO case. 
Proposal 7: The signalling should allow to configure feature combination specific msgA PUSCH configuration.
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
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 include one or more slice group IDs in the feature combination indication.
Proposal 3: There should be no multiple RACH partitions configured for the same slice group (in combination with the same set of other features).
Proposal 4: To define the feature combination indication in both future and backwards compatible way, spare values are introduced in FeatureCombination IE for use by features potentially introduced in future releases.
Proposal 5: A RACH partition is defined as a subset of ROs and preambles of a RACH configuration and is associated with a specific feature combination.
Proposal 6: It should be possible to configure at least the following parameters per RACH partition (i.e. as feature combination specific):
· 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/ powerRampingStepHighPriority/msgA-PreamblePowerRampingStep
· Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT, ra-Msg3SizeGroupA/ra-MsgA-SizeGroupA
· msgA-CB-PreamblesPerSSB-PerSharedRO
· scalingFactorBI 
· powerRampingStepHighPriority
Proposal 7: The signalling should allow to configure feature combination specific msgA PUSCH configuration.
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