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1	Introduction
RAN2#115-e agreed baseline for unified RACH partitioning framework. In this contribution, we further elaborate RACH parameters settings and RA resources selection principles.
2	Discussion
2.1	Feature Combination signalling
RAN2#115-e agreed: 
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

Based on the feature combination concept, the network needs to indicate which feature or feature combination a certain RA partition belongs to. The “[Post115-e][504][RACH Partitioning] Signalling Aspects (Ericsson)” email discussion discussed possible options for feature combination indication. In the favoured Approach A, it was proposed that the new IE introduced for feature combinations should contain one field for each of the features, i.e. one for RedCap, one for Small Data, one for Slicing, and one for Coverage enhancements. The network would indicate a feature combination by setting the ENUMERATED {true} for those features that constitutes the feature combination:
	[bookmark: _Hlk84853248]FeatureCombinationIndication ::= SEQUENCE {
	redCap				ENUMERATED {true} OPTIONAL,
	smallData			ENUMERATED {true} OPTIONAL,
	slicing			ENUMERATED {true} OPTIONAL,
	covEnh				ENUMERATED {true} OPTIONAL,
	...,
	potentialRel-18Feature	ENUMERATED {true} OPTIONAL
}



The approach does not address sustainably the extendibility of the indication to include future Rel.18+ features, as those extensions would make the FeatureCombinationIndication size variable. In addition, the proposal for indicating ‘slicing’ as a single indicator (denoting one slice-specific resources pool) does not meet the requirement to provide different RACH configuration for different slice groups, that require different RACH pools.
Observation: The aim with Feature Combination indication should be that such signalling is designed in a future-proof manner and accounts flexibly for the slicing domain.  
Each RA partition should be determined under RACHConfigCommon configuration based on feature or feature combination sets it is meant for. 

Another way to implement the same signalling would be to follow MIB structure and utilize a BIT STRING for the spare values in the FeatureCombination, i.e. as shown below:
Alt1:
FeatureCombination ::= SEQUENCE {
	redCap				ENUMERATED {true} 		OPTIONAL,
	smallData			ENUMERATED {true}		OPTIONAL,
	slicing			ENUMERATED {true}		OPTIONAL,
	covEnh				ENUMERATED {true}		OPTIONAL,
	spare				BIT STRING (SIZE(4))
}

			
Yet, another option would be to use two IEs for indicating the feature or feature combination sets corresponding to the given RA partition, where:
-	the first IE (e.g. FeatureCombination) indicates to the UE the applicable RA purposes/features (e.g. RedCap, Small Data, EnhCov) used by the given cell (max N bits, thus max N purposes/features), and 
-	the second IE (e.g.  FeatureCombinationIndicationBitmap) indicates the actual possible combinations of RA features and prioritization (max M combinations, e.g. RedCap+Small Data combo) that are applicable for the UE out of features/purposes set in the first IE.
Alt2: 
[bookmark: _Hlk84954004]FeatureCombination ::= SEQUENCE {
	redCap				ENUMERATED {true}		OPTIONAL,
 	smallData			ENUMERATED {true}		OPTIONAL,
	slicing			ENUMERATED {true}		OPTIONAL,
	covEnh				ENUMERATED {true}		OPTIONAL,
	spare1				ENUMERATED {true}		OPTIONAL,
	spare2				ENUMERATED {true}		OPTIONAL,
spare3				ENUMERATED {true}		OPTIONAL,
spare4				ENUMERATED {true}		OPTIONAL
}

FeaturesCombinationIndicationBitmap ::= BIT STRING (SIZE (maxNrofFeatures))  

maxNrofFeatures	::=	INTEGER (2..8) 


In these cases, the bit-cost in SI will be 3+(2-8) = 5-11 bits added to the RA feature combination. NW only needs to indicate the bitmap of feature combinations, and the ASN.1 definition of the FeatureCombination would explain the applicability.
The concept of Feature Combination indication proposed in the “[Post115-e][504][RACH Partitioning] Signalling Aspects (Ericsson)” email discussion rely of signalling each individual combination. This limits the number of possible combinations (due to limited set of RACH resources) and risk the need to further optimize RACH resources configurations (in case the  number of features requiring RACH partitioning increases). In result, strict separation of the allocated resources per individual feature would result in too scattered portions, leading to adverse effect of collision or shortages in actual access. 
Alternatively, in order to be forward compatible, the signalling framework could be decoupled from the actual features and each pool could be linked to a feature index, allowing all UEs to identify the partitions, regardless of which release.
Alt3: 
FeatureCombination ::= SEQUENCE {
	Feature1				ENUMERATED {true}		OPTIONAL,
 	Feature2			ENUMERATED {true}		OPTIONAL,
  Feature 3			ENUMERATED {true}		OPTIONAL,
	Feature 4			ENUMERATED {true}		OPTIONAL,
	spare1				ENUMERATED {true}		OPTIONAL,
	spare2				ENUMERATED {true}		OPTIONAL,
spare3				ENUMERATED {true}		OPTIONAL,
spare4				ENUMERATED {true}		OPTIONAL
}

FeaturesCombinationIndicationBitmap ::= BIT STRING (SIZE (maxNrofFeatures))  

maxNrofFeatures	::=	INTEGER (2..8) 


Proposal 1: RAN2 to discuss Alt1, Alt 2 and Alt 3 for Feature Combination indication.
Slicing is a specific case. While all the features related indicators (besides slicing) would rely on the UE capability, any access attempt can be associated to slice, because all services must belong to some slice. On the other hand, RAN Slicing Work Item agreements have made some progress and agreed slice-specific baseline: 
1	A new slice grouping mechanism is introduced for RACH configuration. One slice belongs to one and only one slice group. Slice groups are assumed to be only updated when UE does Registration Update.
2	Working assumption: The mapping between S-NSSAIs and slice groups should be configured to the UE through NAS signalling. 

Following the baseline, the assumed realization of the RRC configuration in broadcast with slice association would be based on a slice group id. The configuration is further assumed to be verified by the UE based on slice groups provided by the UE’s NAS layer. In context of the feature combinations, this brings additional sets of indications required for RACH resources differentiation. Considering that any access attempt can be associated to a slice, it can be adversely assumed that any RACH resources configuration (different than Common) can be combined with a slicing.
Proposal 2: RAN2 discuss whether Slicing needs to be indicated explicitly in the FeatureCombination.

2.3	RACH partitions signalling
In order to create forward compatible framework, we believe that each random-access resources portion (i.e., each RACH partition) needs to be linked to one of the features (via a feature index). The possible overlaps across the partitions (for features combinations) are not explicitly signalled, but implicitly obtained from the individual partitions.
All UEs can acquire the RACH config, but only the UEs supporting a particular feature need to understand the mapping between the index and the feature in order to know whether it can use the resources corresponding to a partition. Other UEs, only need to understand the need to exclude the resources overlapping the portions of the features it does not support or does not even understand. The different RACH partitions that can be configured in the cell by the network could be illustrated as provided in Figure 2.3-1, where:
-	Three partitions from the common pool of resources are configured;
-	Partition A is linked to Feature 1;
-	Partition B is linked to Feature 2;
-	Partition C is linked to Feature 3;
-	Through the signalling of the three partitions, the UE can identify the following overlaps:
-	AB for a combination of Features 1 and 2;
-	AC for a combination of Features 1 and 3;
-	BC for a combination of Features 2 and 3;
-	ABC for a combination of Features 1, 2 and 3;
 
[image: ] 
Figure 2.3-1: Possible RACH partitions with features 
A: Coverage Enchancement, B:SDT, and C:RedCap 

As a result, a single UE can determine the overlapping areas if supporting multiple features.
Observation: Even if the RACH partitions are signalled individually per feature, a single UE can still determine the overlapping RACH resources for multiple features.
The benefits are that signalling overhead can be minimised (as partitions for feature combinations need not to be explicitly signalled) and that the addition of a new feature can be done with minimum impacts.
Proposal 3: RACH partitions are only signalled individually per feature. The resources corresponding to feature combination are implicitly derived from the overlapping partitions.
Further, when the UE is performing Random Access, it detects overlaps by its own based on the configurations and the UE behaviour should be determined by the UE capabilities and feature combination the RA procedure is triggered for (as also discussed in R2-2110813).
3	Conclusion
This document has made the following proposals and observation:
Proposal 1: RAN2 to discuss Alt1, Alt 2 and Alt 3 for Feature Combination indication.
Proposal 2: RAN2 discuss whether Slicing needs to be indicated explicitly in the FeatureCombination.
Observation: Even if the RACH partitions are signalled individually per feature, a single UE can still determine the overlapping RACH resources for multiple features.
Proposal 3: RACH partitions are only signalled individually per feature. The resources corresponding to feature combination are implicitly derived from the overlapping partitions.
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