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1	Introduction
RACH partitioning is being considered for several Rel-17 features to enable early identification of the feature on the network side (see table below). In this contribution we discuss some general aspects of RACH partitioning and describe what a common solution for RACH partitioning for the Rel-17 features might look like.
	Feature
	Reason for RACH indication

	RedCap [1]
	To indicate reduced capabilities to the network in MSG1 so that the network can adapt subsequent transmissions

	SDT [2]
	To request a larger MSG3 size (or MSGA size in case of 2-step RA)

	CovEnh [3]
	To indicate need for coverage enhancement (esp. for request of MSG3 repetition)

	Slicing [4]
	To indicate high priority slice to the network and to achieve slice isolation also for RACH



A note on terminology: in this contribution RACH configuration denotes an independent set of PRACH slots. Their periodicity, RACH resources or RACH occasions (ROs) refer to the time/frequency resources that compose a PRACH slot, each of them containing 64 preambles and is associated with an RNTI value. RACH partition denotes a set of contiguous preambles within the same RO. Preamble set is used in the broad sense of preambles grouped together according to some meaning, that may be located in the same or different ROs or time-frequency resources. 
[bookmark: _Ref178064866]2	Discussion
2.1	RACH Configuration
2.1.1	Supported Rel-17 features and overview
Legacy specifications already use RACH partitioning for SSB to RO mapping, Group A/B and 2-step RA. 
The features introduced in Rel-17 will likely have to support at least part of the existing functions, and so the resulting mechanism should allow a graceful integration of the legacy and Rel-17 features, possibly reusing as much as possible the legacy signalling and logic.
[bookmark: _Toc85726290]RACH partitioning is already used today for determining the SSB/beam association and for differentiating between 2-step and 4-step RA and between group A and B.
[bookmark: _Toc85746075]Rel-17 PRACH design should reuse as much as possible the existing signalling for the integration of legacy and Rel-17 features
The potential number of feature combinations to be considered is very large. Nevertheless it is also expected that not all combinations will be used in practice (at least not simultaneously in the same deployment) which will reduce the number of combinations in a real deployment.
Regarding the RACH design this is not particularly relevant since the partitioning will be likely designed in a feature-agnostic way (each feature will be treated as a generic feature), but a reduction of the possible combination might still be relevant for discussion, in particular regarding which fallbacks are defined or which procedure specific parameters need to be signalled.
[bookmark: _Toc85449199][bookmark: _Toc85726291]Some feature combinations can be excluded due to feature incompatibility.
[bookmark: _Toc85726292]In real deployment it is expected that only a subset of the features and feature combinations will be enabled.
The table below gives the current view of which are cross-compatible.
[bookmark: _Ref70945928]Table 1 Rel-17 feature compatibility (“-” denotes “not applicable or duplicate”, “Legacy” denotes “already supported in Rel-16”, “X” denotes “should be supported in Rel-17”)
	
	Group B
	2-step RA
	RedCap
	SmallData
	CovEnh
	Slicing

	Group B
	-
	Legacy
	X
	X
	FFS
	X

	2-step RA
	-
	-
	FFS
	X
	
	X

	RedCap
	-
	-
	-
	X
	X
	X

	SmallData
	-
	-
	-
	-
	
	X

	CovEnh
	-
	-
	-
	-
	-
	X

	Slicing
	-
	-
	-
	-
	-
	-



To further reduce the number of preamble sets it would be good to only consider binary features. In particular, this would imply that:
· For RedCap we only differentiate between RedCap and non-RedCap UE and not between different types of RedCap UEs (e.g. with 1 Rx branch pr 2 Rx branches)
· [bookmark: _Hlk85551762]For slicing we only differentiate between slices that use slice-specific RACH configuration or not (i.e., use common RACH configuration); we do not signal the identity of the slice in RACH or introduce some form of multi-level slice priority.

[bookmark: _Toc85746076][bookmark: _Toc85449212][bookmark: _Toc85449213][bookmark: _Toc85449214][bookmark: _Toc85449215][bookmark: _Toc85449216][bookmark: _Toc85449217][bookmark: _Toc85449218][bookmark: _Toc85449219][bookmark: _Toc85449220][bookmark: _Toc85449221][bookmark: _Toc85449222][bookmark: _Toc85449223][bookmark: _Toc85449224][bookmark: _Toc85449225][bookmark: _Toc85449226][bookmark: _Toc85449227]Only considering binary (on/off) features will reduce the number of preamble sets.
Nevertheless, it is important to highlight that the above discussion on how the set of combinations can be reduced is for scope purposes only. In fact, the standard should not prevent particular combinations to be defined as this would result in additional complexity due to the introduction of an additional constraint. The standard should allow in principle all possible combinations. It is up to the gNB to configure only the one that are needed.
[bookmark: _Toc85746077]The standard does not forbid any particular combination of features
2.1.2	Methods to define further partitions
In the latest e-mail discussion [8] some general principles on how to design the new PRACH have been discussed. In this section we provide further details on a potential solution that could be considered as a baseline for discussion.
2.1.2.1 Feature Combination Indication
First, an information element representing which features are indicated by a specific set of preambles should be defined. Assuming that all features are binary the following IE achieves the desired result.
FeatureCombinationIndication ::= SEQUENCE {
	redCap				ENUMERATED {true} OPTIONAL,
	smallData			ENUMERATED {true} OPTIONAL,
	slicing				ENUMERATED {true} OPTIONAL,
	covEnh				ENUMERATED {true} OPTIONAL,
	...,
}

[bookmark: _Toc85746078]Feature combinations are represented by an Information Element as in the pseudo-code above. FFS on the actual ASN.1 code
2.1.2.2 Additional PRACH configuration
As discussed in [8] one possible method to define new preamble sets is to define them as separate time-frequency resources. The easiest way to achieve that is to define additional PRACH configurations associated with a specific Feature Combination. Below is presented an example of ASN.1 code to achieve this result: in BWP-UplinkCommon a new list of RACH configurations is added, each of them including a pair of RACH-ConfigCommon and MsgA-ConfigCommon for the definition of the PRACH configuration as in legacy, and the FeatureCombinationIndication to indicate which features are signalled by those new preambles.

BWP-UplinkCommon ::= SEQUENCE {
	rach-ConfigCommon		SetupRelease { RACH-ConfigCommon } 			OPTIONAL,
	msgA-ConfigCommon-r16	SetupRelease { MsgA-ConfigCommon-r16 }			OPTIONAL,
	rach-ConfigFeatureList	SEQUENCE (SIZE (1..FFS)) OF RACH-ConfigFeature-r17	OPTIONAL
}

RACH-ConfigFeature-r17 ::= SEQUENCE {
	rach-ConfigCommon		SetupRelease { RACH-ConfigCommon } 		OPTIONAL,
	msgA-ConfigCommon-r16	SetupRelease { MsgA-ConfigCommon-r16 }	OPTIONAL,
	featureCombination		FeatureCombination						OPTIONAL
}

The example below shows how, beside the legacy PRACH, two new PRACH configurations can be defined to support Slicing+SmallData and Coverage Enhancement according to the ASN.1 code above. In the example:
· The legacy PRACH has shared ROs for 4-step and 2-step (in blue)
· The PRACH for Coverage Enhancement has only 4-step preambles (in red)
· The PRACH for Slicing+SmallData has separate ROs for 4-step and 2-step (in green)

BWP-UplinkCommon ::= SEQUENCE {
	rach-ConfigCommon	
	msgA-ConfigCommon-r16 (shared RO)
	rach-ConfigFeatureList	{[
		rach-ConfigCommon
		featureCombination {
			CovEnh = true
		}
	],[
		rach-ConfigCommon
		msgA-ConfigCommon-r16 (separate RO)
		featureCombination {
			SmallData = true
			Slice = true
		}
	]
	}
}
[image: ]
Figure 1: Example of 3 PRACH configurations associated to different feature combinations
[bookmark: _Toc85746079]Additional PRACH configuration are defined each as a pair of RACH-ConfigCommon and MsgA-ConfigCommon-r16 IEs and a FeatureCombinationIndication
2.1.2.3 Shared ROs
As discussed in [8] it should be possible to define preamble sets with a finer granularity than just a separate time-frequency resource.
With the intention of reusing the existing mechanisms as much as possible an approach similar to the one used for 2-step RACH can be considered.
A new IE can be associated to a feature combination and a set of ROs within a certain PRACH configuration. The existing masking system for 2-step RACH, defined in Table 7.4-1 of [7], determines if a specific, each even, odd or all ROs are to be considered shared (i.e.: containing both preambles indicating 4-step and 2-step RACH). The new IE can work in a similar way: if certain number of CB preambles are specified, together with the masking index can determine which ROs include preambles of which feature combination.
Since the existing features requiring preamble partitions (2-step RACH and Group B) can be combined with the new Rel-17 features, this new IE should take this into account by further splitting the preambles for a certain Rel-17 feature for the existing features. The ASN.1 proposes an IE that could achieve this result:
SharedRODefinition ::=		SEQUENCE {
	featureCombination		FeatureCombination			OPTIONAL,
	CBPR_4step_perSSB		INTEGER (1..64)  			OPTIONAL,
	CBPR_2step_perSSB 		INTEGER (1..64)  			OPTIONAL,
	SSB-SharedRO-MaskIndex-r16                      	INTEGER (1..15)   OPTIONAL,
	groupBconfigured                    SEQUENCE {
		[OMITTED]
		numberOfRA-PreamblesGroupA          INTEGER (1..64)
	}
	groupB-ConfiguredTwoStepRA-r16	GroupB-ConfiguredTwoStepRA-r16
}

The IE can indicate which feature combination is indicated, how many CBPR are present for 4-step and 2-step RACH and how many preambles are configured for GroupA and GroupB within the 4-step and 2-step RACH preambles.
This IE can be included in RACH-ConfigCommon so that it is applied to the whole PRACH configuration, and it can be included also in RACH-ConfigCommonTwoStepRA-r16 in case the 2-step RACH has separate ROs.
RACH-ConfigCommon ::=               SEQUENCE {
	[OMITTED]
	...,
	rach-sharedROlist		SEQUENCE (SIZE (1..FFS)) OF SharedRODefinition 	OPTIONAL
}
RACH-ConfigCommonTwoStepRA-r16 ::=                   SEQUENCE {
	[OMITTED]
	...,
	rach-sharedROlist		SEQUENCE (SIZE (1..FFS)) OF SharedRODefinition 	OPTIONAL
}

In the example below this new IE tied to RedCap+SmallData combination is applied to an additional PRACH configuration that would normally indicate only RedCap preambles. In the example the baseline PRACH configuration has shared ROs between 4-step and 2-step RACH and the system has 2 SSBs mapped to each RO.
BWP-UplinkCommon ::= SEQUENCE {
	rach-ConfigCommon		(legacy, ignored in the example)	
	msgA-ConfigCommon-r16	(legacy, ignored in the example)
	
	rach-ConfigFeatureList	{[
		rach-ConfigCommon	 {
			featureCombination = “RedCap”
			the additional PRACH has a 4x2 PRACH slot
			N=2, K=16	(SSB per RO and CBPR per SSB as in legacy signalling)
			totalNumberOfRA-Preambles = 60
			rach-sharedROlist	 = {[
				featureCombination = “RedCap + SmallData”
				CBPR_4step_perSSB = 5, 
				CBPR_2step_perSSB = 3,
				SSB-SharedRO-MaskIndex-r16 = “RO1 only”
			]}			
		}
		msgA-ConfigCommon-r16 {
			shared ROs
			SSB-SharedRO-MaskIndex-r16 = “all odd ROs”
			CBPR_2step_perSSB = 5
		}
	]}
}

From the configuration above we can determine the following:
· (text in blue): By default the PRACH slot has 4x2=8 ROs, each of them containing 16 CBPR per SSB for 4-step RACH and RedCap. Each RO is mapped to 2 SSBs (N=2). There are in total 60 preambles available, so they are split in two sets of 30 preambles for each SSB.
· (text in green): 2-step RACH preambles are in ROs shared with the 4-step RACH (both referred to RedCap). The shared ROs are the ones with odd index, and those ROs contain 5 CBPR per SSB for 2-step RACH (allocated after the ones for 4-step RACH as in legacy)
· (text in red): On top of the CBPR defined in the previous steps, in RO1 only there are preambles indicating “RedCap+SmallData”: 5 preambles per SSB for 4-step and 3 preambles per SSB for 2-step.
The resulting configuration is shown in the figure below:
[image: ]
Figure 2: Example of additional feature combination mapped to a subset of all ROs in a PRACH slot
[bookmark: _Toc85746080]The signalling structure above is used as baseline
Notice that this method can be applied also to the legacy PRACH configuration provided that the number of CBPR and CFPR are properly configured so that a legacy UE doesn’t randomly choose preambles intended for Rel-17 features.
To determine in which order the various preamble segments are defined it is important to have a rule hardcoded in the standard. The rule that was used in the example is:
· First the 4-step preambles associated with the whole PRACH configuration (as in legacy)
· Then the 2-step preambles associated with the whole PRACH configuration (as in legacy)
· Then the preambles associated with the Rel-17 feature combinations as listed in the “rach-sharedROList” field, 4-step preambles first and 2-step preambles second.
In the example it was not shown how it would work for GroupA/GroupB, but a similar approach can be followed and thus the sorting rule should include also Group B preambles
[bookmark: _Toc85746081]When multiple feature combinations are sharing the same RO, the following rule should be used to determine in which order the CBPR are defined:
a) [bookmark: _Toc85746082]First the 4-step / Group A preambles associated with the whole PRACH
b) [bookmark: _Toc85746083]Then the 4-step / Group B preambles associated with the whole PRACH
c) [bookmark: _Toc85746084]Then the 2-step / Group A preambles associated with the whole PRACH
d) [bookmark: _Toc85746085]Then the 2-step / Group B preambles associated with the whole PRACH
e) [bookmark: _Toc85746086]Then the preambles associated with Rel-17 feature combinations in the same order as in the rach-sharedROList field. Within each feature combination this order should be followed: 4-step/GroupA, 4-step/GroupB, 2-step/GroupA, 2-step/GroupB
2.2	Overall Procedure
Other aspects of the RACH procedure have been discussed in the interested WI in the past meetings:
· In the e-mail discussion [5] it is being discussed whether the UE should fallback from 4-step slice specific RACH to 4-step common RACH or from 2-step slice specific RACH to 4-step common RACH.
· For Small Data a discussion is being carried out about whether the UE should be allowed to fallback from 2-step RA-SDT to 4-step legacy. [6]
· In coverage enhancement, the working assumption is that the RAR fields might be repurposed to indicate that msg3 repetitions should be performed after having indicated that Msg3 repetitions have been requested. [5]
The objective should be to have a common procedure for all Rel-17 features from the specification point of view, and then describe small feature-specific variations if needed. Also, the introduction of changes in the standard that are common to multiple features should be discussed jointly. 
Taking as an example the aforementioned discussion, a fallback from 2-step “FeatureX” RACH to legacy 4-step RACH, if controlled by the network, would require a new format for an existing message (RAR, fallbackRAR) or a new message. If introduced, it would make sense to allow this fallback for all features, and if not introduced it should not be introduced for any Rel-17 feature.
Another example is the usage of different RSRP thresholds for the RA-type decision, multiple WIs are discussing to use different thresholds from the ones already defined in legacy signalling.
[bookmark: _Toc85746087]It is defined a procedure shared for all features, with small feature-specific variations if needed
[bookmark: _Toc85746088]RAN2 should discuss which aspects related to the procedure should be discussed and agreed jointly for all the interested features
3 Conclusion
In the previous sections we made the following observations: 
Observation 1	RACH partitioning is already used today for determining the SSB/beam association and for differentiating between 2-step and 4-step RA and between group A and B.
Observation 2	Some feature combinations can be excluded due to feature incompatibility.
Observation 3	In real deployment it is expected that only a subset of the features and feature combinations will be enabled.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Rel-17 PRACH design should reuse as much as possible the existing signalling for the integration of legacy and Rel-17 features
Proposal 2	Only considering binary (on/off) features will reduce the number of preamble sets.
Proposal 3	The standard does not forbid any particular combination of features
Proposal 4	Feature combinations are represented by an Information Element as in the pseudo-code above. FFS on the actual ASN.1 code
Proposal 5	Additional PRACH configuration are defined each as a pair of RACH-ConfigCommon and MsgA-ConfigCommon-r16 IEs and a FeatureCombinationIndication
Proposal 6	The signalling structure above is used as baseline
Proposal 7	When multiple feature combinations are sharing the same RO, the following rule should be used to determine in which order the CBPR are defined:
a)	First the 4-step / Group A preambles associated with the whole PRACH
b)	Then the 4-step / Group B preambles associated with the whole PRACH
c)	Then the 2-step / Group A preambles associated with the whole PRACH
d)	Then the 2-step / Group B preambles associated with the whole PRACH
e)	Then the preambles associated with Rel-17 feature combinations in the same order as in the rach-sharedROList field. Within each feature combination this order should be followed: 4-step/GroupA, 4-step/GroupB, 2-step/GroupA, 2-step/GroupB
Proposal 8	It is defined a procedure shared for all features, with small feature-specific variations if needed
Proposal 9	RAN2 should discuss which aspects related to the procedure should be discussed and agreed jointly for all the interested features
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