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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	RRC Specification CR
In the running CR it is present a definition for the FeatureCombination which determines which features are associated to a certain set of preambles (reported below).
–	FeatureCombination
The IE FeatureCombination indicates a combination of features and is used to indicate which combination of features a RA partition is associated with. 
FeatureCombination information element
-- ASN1START
-- TAG-FEATURECOMBINATION-START

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,
	...,
}

-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP

	FeatureCombinationIndication field descriptions

	redCap
If present, this field indicates that RedCap is one of the features of this feature combination.  

	smallData
If present, this field indicates that Small Data is one of the features of this feature combination.

	slicing
If present, this field indicates that slicing is one of the features of this feature combination.

	covEnh
If present, this field indicates that coverage enhancement is one of the features of this feature combination.



Editor's note: The field descriptions may need to be revised, for example, the names may need to be more explicit.
Editor’s note: Whether if CE is part of a feature comb. and would be determined as part of the resource (partition) selection is pending discussion

Beside the definition of the slicing indicator being multi-bit or not that is not in the scope of this contribution, it is still to be determined if the field descriptors need to be revised and if the Coverage Enhancement indicator should be part of the resource selection as the other features.
Regarding the first point another option would be to indicate the specific feature that is enabled once the indication is used. For instance, for RedCap it is actually the Msg1 indication for RedCap that is being transmitted. In the same way, if Coverage Enhancement is indicated, it actually only signals to the network that the UE is msg3-repetition capable so that the network may decide on repetition of Msg3 through RAR. By considering this, an alternative definition would be the following (slicing is omitted due to the actual definition being still pending).
FeatureCombination information element
-- ASN1START
-- TAG-FEATURECOMBINATION-START

FeatureCombination ::= 	SEQUENCE {
	redCap-Msg1-Indication				ENUMERATED {true} 	OPTIONAL,
	smallData							ENUMERATED {true} 	OPTIONAL,
	msg3-Repetition						ENUMERATED {true} 	OPTIONAL,
	...,
}

-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP

We propose:
[bookmark: _Toc92793114]The fields in the FeatureCombination are named "redCap-Msg1-Indication", "smallData" and "msg3-Repetition". Slicing is TBD.
Regarding the second note on the Coverage Enhancement being part of a feature combination, it is being discussed if this feature should be evaluated by MAC layer at every transmission or if it should be evaluated at the beginning of the random access as the other features.
Regardless of the outcome of this discussion, which is treated elsewhere, it is still necessary to identify a set of preambles associated to Coverage Enhancements.
For this reason, we propose to have the indication as part of the FeatureCombination indication.
[bookmark: _Toc92793115]The indication representing the Coverage Enhancement feature is part of FeatureCombination
A common comment that we observed in the ongoing e-mail discussion from other companies, is that the FeatureCombination is present in two IEs (RACH-ConfigCommon and FeatureCombinationPreambles) and thus it can be removed from one of the two since it is redundant.
The reason to have this indication in both IEs is to allow the configuration of additional and separate RACH resources and allow a more granular configuration of each RACH Occasion within the RACH resource with a good degree of flexibility in the signalling.
The indication in RACH-ConfigCommon allows to associate an additional RACH resource to a specific feature combination, as depicted in Figure 1. The figure shows three different RACH configurations:
· the blue (legacy) RACH resources
· a red RACH resource which has been dedicated to CovEnh.
· a green RACH resource which has been dedicated to Slice+SDT
This would be signalled by providing two additional RACH resources (i.e. in addition to the legacy RACH resource):
· for the Red resource, in the featureCombination-field the msg3-Repetition (CovEnh) bit has been set to true.
· for the Green resource, in the featureCombination-field the slicing and SDT bits has both been set to true.
[image: ]
[bookmark: _Ref90642599]Figure 1: Example of 3 PRACH configurations associated to different feature combinations
[bookmark: _Toc92793130]The FeatureCombination-indication in RACH-ConfigCommon allows a complete RACH configuration to be assigned to a feature combination.

The FeatureCombination-indication in FeatureCombinationPreambles is also associated to a mask index. This means that beside the feature combination associated to the whole RACH configuration, other preambles associated to a different feature combination may be defined in a sub-set of all the ROs.
In Figure 2 we see an example where the default feature combination associated to the whole additional RACH configuration is “RedCap” and thus all the ROs contain preambles for this combination (2-step RACH RedCap is present only in the odd ROs because the legacy masking mechanism is used for the whole PRACH configuration). Then this RACH configuration has one FeatureCombinationPreambles IE associated to RedCap and with a masking index identifying only RO1.
RACH-ConfigCommon-r17 ::= SEQUENCE {
	rach-ConfigID-r17 = 1
	featureCombination-r17 = “RedCap”
	Rach-ConfigCommon-r17 {
		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
		featureCombinationPreambles-r17	 = {[
			featureCombination = “RedCap + SmallData”
			legacy-CB-PreamblesPerSSB-PerSharedRO-r16 = 5, 
			msgA-CB-PreamblesPerSSB-PerSharedRO-r16 = 3,
			SSB-SharedRO-MaskIndex-r16 = “RO1 only”
		]}
	}
	msgA-ConfigCommon-r16 {
		shared ROs
		SSB-SharedRO-MaskIndex-r16 = “all odd ROs”
		msgA-CB-PreamblesPerSSB-PerSharedRO-r16 = 5	
	}
}
[image: ]
[bookmark: _Ref90642815]Figure 2: Example of additional feature combination mapped to a subset of all ROs in a PRACH slot
If we allow only the indication in RACH-ConfigCommon, it would not be possible to have enough granularity to differentiate each single RO. In the same way if we allowed the indication only in FeatureCombinationPreambles, we would have the finest granularity possible, but a RACH configuration with all ROs with the same preambles would still require at least one FeatureCombinationPreambles IE that would not be required in the proposed case.
Keeping in mind that all these fields are optional in the proposed CR, the current formulation would not imply additional signalling overhead.
[bookmark: _Toc92793116]FeatureCombinationIndication is present in both RACH-ConfigCommon and FeatureCombinationPreamble IEs as originally proposed.
Another issue to be solved is in which order the preambles should be determined by the UE in case multiple definition are overlapped in a certain RO.
This issue is not tied to the signalling itself, in fact the signalling may specify which features are indicated in the preambles of a ROs and how many CFPR are defined for that feature, but we can adopt any logic we prefer to determine in which order they are defined.
Considering that in case further FeatureCombinationPreambles IEs are defined in the legacy RACH configuration, the logic should be backwards compatible (i.e.: a legacy UE should not select the preambles associated to Rel-17 features) we propose the following to be applied to each set of preambles associated to an SSB (as in legacy)
· First there are the 4-step CFPR associated to the “default” feature combination (in the legacy RACH configuration, it is the one with all features disabled)
· Then there are the 2-step CFPR associated to the “default” feature combination (in the legacy RACH configuration, it is the one with all features disabled)
· Then there are the CFPR associated to the FeatureCombinationPreamble IE in the order they are configured in the list, first 4-step preambles and then 2-step preambles.
· If enabled, in each subdivision there are first the Group A preambles and then the Group B preambles, as in legacy.

This approach is also depicted in Figure 2.
[bookmark: _Toc92793117]The preambles are determined within each ROs according to the following logic:
· [bookmark: _Toc92793118]First there are the 4-step CFPR associated to the “default” feature combination (in the legacy RACH configuration, it is the one with all features disabled)
· [bookmark: _Toc92793119]Then there are the 2-step CFPR associated to the “default” feature combination (in the legacy RACH configuration, it is the one with all features disabled)
· [bookmark: _Toc92793120]Then there are the CFPR associated to the FeatureCombinationPreamble IE in the order they are configured in the list, first 4-step preambles and then 2-step preambles.
· [bookmark: _Toc92793121]If enabled, in each subdivision there are first the Group A preambles and then the Group B preambles.

Finally, there is one further open issue regarding the maximum number of additional RACH configurations that can be defined in the cell.
In the most extreme case, it should be possible to configure an additional RACH for each possible combination of features. This depends on the outcome of the discussion on slicing indication, but this maximum number would be 7 per slice (all combinations of 3 bits excluding the legacy RACH where all bits are 0s). Notice that it was agreed that there cannot be multiple RACH configurations associated to the same feature combination.
It was already agreed that some combinations will not be supported, but at the same time there is the common understanding that the standard should not artificially prevent some combinations. Moreover, 7 seems a reasonable value for this parameter, however for future proofness we could consider 15, therefore we propose to adopt this value:
[bookmark: _Toc92793122]maxAdditionalRACH-r17 is set to 15 times the amount of different slices/slice groups
2.3	Fallback Options
Another aspect to be discussed related to the overall procedure is whether we should harmonize the fallback and switch behaviour in case of a failed procedure or not. Specifically, we should define what the UE should do in case the access using a certain combination of features fails.
One option is clearly to let each feature team determine that, but in case the UE used a combination of more than one feature enabled there might be inconsistencies or ambiguous behaviour. Therefore, we propose to define the desired behaviour in this agenda item.
Since the definition of the slicing indication is still FFS, in the remainder of this section we assume that a UE uses for the whole procedure the same slice indication/slice id/slice group and fallbacks from a slice to legacy is FFS in the network slicing WI.
First, we summarize below the current agreements that have already been made in each work item. Notice that for Small Data we are interested only in the RA-SDT case as CG-SDT is not using any Msg1 indication and for RedCap we are interested only in the Msg1 indication as if only Msg3 indication is used the UE uses the legacy preambles.
[bookmark: _Ref90458199][bookmark: _Toc92793131]For RA-SDT, if the UE receives a fallbackRAR it behaves as legacy while continuing the RA-SDT session (fallback to 4-step RACH SDT)
[bookmark: _Ref90457354][bookmark: _Toc92793132]If the network indicates that UE should use the RedCap Msg1 indication, the UE should always use it for the whole duration of the access
Based on these observations, we can define a set of principles that should be followed to determine the general UE behaviour.
Although there is not an explicit agreement in all WIs beside what described in Observation 1, it is common understanding that a UE that receives fallbackRAR should fallback to the 4-step RACH version of the ongoing 2-step RACH-based procedure.
[bookmark: _Toc92793123]If the UE receives fallbackRAR during a 2-step RACH-based procedure it shall fallback to the 4-step RACH version of the same procedure (i.e.: it considers all the indications in FeatureCombinationIndication as unchanged) (This is denoted as “Principle 1” or “P1”
[bookmark: _Toc92793124]As in legacy, fallback from 4-step RACH-based procedure to 2-step RACH-based procedure is not allowed (This is denoted as “Principle 2” or “P2”)
Because of Observation 3, a RedCap UE that uses Msg1 indication, should never stop using it, and therefore it should only use preambles associated with RedCap feature indication. It is true also the opposite, it is not possible that a UE that is not using Msg1 RedCap indication, start using it later as a fallback.
[bookmark: _Ref90459511][bookmark: _Toc92793125]A UE cannot switch/fallback from a procedure associated with a certain value of the RedCap bit in FeatureCombinationIndication to its opposite (This is denoted as “Principle 3” or “P3”)
Because of the nature of Coverage Enhancement, if a procedure with this feature enabled fails, it makes no sense to attempt again without Coverage Enhancement. Therefore, a fallback in this direction should be avoided.
[bookmark: _Ref90459513][bookmark: _Toc92793126]A fallback from a procedure with CovEnh enabled to a procedure with CovEnh disabled is not allowed (This is denoted as “Principle 4” or “P4”)
Moreover, for Small Data it was agreed that MAC PDU rebuilding is not required. Since a fallback from SDT to non-SDT would require MAC PDU rebuilding we propose to not allow a fallback from SDT to non-SDT procedure. It is also obvious that a fallback from non-SDT to SDT is not allowed since the payload to deliver would not be “Small Data”.
[bookmark: _Toc92793127]A fallback from SDT to non-SDT and from non-SDT to SDT procedure is not allowed (This is denoted as “Principle 5” or “P5”)
By considering all the aforementioned principles, it is possible to build a table representing all possible switches/fallback and eliminate one by one those which does not fulfil the principles as depicted in Figure 3.
[image: ]
[bookmark: _Ref90465128]Figure 3: All possible fallbacks/switches considering all possible feature combinations
From the figure it is possible to observe that most of the switches/fallbacks should not be allowed and in particular that no procedure should fallback to the legacy RA procedure (the leftmost column in the table).
[bookmark: _Toc92793128]It is not allowed in any case to fallback to the legacy RA procedure
The only case where it could make sense to fallback to a different procedure is when a procedure without Coverage Enhancement enabled fails and the UE could perform another attempt enabling this feature. If the failure was due to lack of coverage, the new attempt may instead succeed.
We think that this fallback logic should be considered by the Coverage Enhancement WI but as a baseline a UE should always declare the procedure as failed (as in legacy) and inform the upper layers. The UE behaviour from that point forward should be the same as legacy.
[bookmark: _Toc92793129]If a procedure with any feature indication enabled fails, the UE should declare the procedure as failed and inform the upper layers. FFS if fallback from procedure with CovEnh disabled to a procedure with CovEnh enabled is allowed
3 Conclusion
In the previous sections we made the following observations: 
Observation 1	The FeatureCombination-indication in RACH-ConfigCommon allows a complete RACH configuration to be assigned to a feature combination.
Observation 2	For RA-SDT, if the UE receives a fallbackRAR it behaves as legacy while continuing the RA-SDT session (fallback to 4-step RACH SDT)
Observation 3	If the network indicates that UE should use the RedCap Msg1 indication, the UE should always use it for the whole duration of the access

Based on the discussion in the previous sections we propose the following:
Proposal 1	The fields in the FeatureCombination are named "redCap-Msg1-Indication", "smallData" and "msg3-Repetition". Slicing is TBD.
Proposal 2	The indication representing the Coverage Enhancement feature is part of FeatureCombination
Proposal 3	FeatureCombinationIndication is present in both RACH-ConfigCommon and FeatureCombinationPreamble IEs as originally proposed.
Proposal 4	The preambles are determined within each ROs according to the following logic:
	First there are the 4-step CFPR associated to the “default” feature combination (in the legacy RACH configuration, it is the one with all features disabled)
	Then there are the 2-step CFPR associated to the “default” feature combination (in the legacy RACH configuration, it is the one with all features disabled)
	Then there are the CFPR associated to the FeatureCombinationPreamble IE in the order they are configured in the list, first 4-step preambles and then 2-step preambles.
	If enabled, in each subdivision there are first the Group A preambles and then the Group B preambles.
Proposal 5	maxAdditionalRACH-r17 is set to 15 times the amount of different slices/slice groups
Proposal 6	If the UE receives fallbackRAR during a 2-step RACH-based procedure it shall fallback to the 4-step RACH version of the same procedure (i.e.: it considers all the indications in FeatureCombinationIndication as unchanged) (This is denoted as “Principle 1” or “P1”
Proposal 7	As in legacy, fallback from 4-step RACH-based procedure to 2-step RACH-based procedure is not allowed (This is denoted as “Principle 2” or “P2”)
Proposal 8	A UE cannot switch/fallback from a procedure associated with a certain value of the RedCap bit in FeatureCombinationIndication to its opposite (This is denoted as “Principle 3” or “P3”)
Proposal 9	A fallback from a procedure with CovEnh enabled to a procedure with CovEnh disabled is not allowed (This is denoted as “Principle 4” or “P4”)
Proposal 10	A fallback from SDT to non-SDT and from non-SDT to SDT procedure is not allowed (This is denoted as “Principle 5” or “P5”)
Proposal 11	It is not allowed in any case to fallback to the legacy RA procedure
Proposal 12	If a procedure with any feature indication enabled fails, the UE should declare the procedure as failed and inform the upper layers. FFS if fallback from procedure with CovEnh disabled to a procedure with CovEnh enabled is allowed
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