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1. [bookmark: _Toc18413600][bookmark: _Toc18403966][bookmark: _Toc18404533]Introduction
In this contribution, we highlight an issue with the association of RACH preambles with feature/feature combination and propose a clarification in the spec to solve the issue. 
2. Discussion
With Rel-17, the RACH resources are partitioned and the partitioned RACH resources belong to one of the following groups: 
1) (Legacy) RACH resources that are not associated with any feature
2) Feature/feature combination specific RACH resources
The feature/feature combination specific RACH resources are configured using AdditionalRACH-Config IE. These are resources that are visible to Rel-17 (and later) UEs. The assumption is that all the resources configured with this are associated with a feature or a feature combination. Correspondingly, in the MAC spec, the UE is required to select the RA resources that are not associated with any feature indication if none of the RA resources are available for the applicable feature/feature combination for the current RA procedure. 
Thus, it is assumed that all the preambles in the AdditionalRACH-Config should be associated with a feature/feature combination. This assumption is currently captured in the RRC spec in the field description of AdditionalRACH-Config IE as follows: 
	additionalRACH-ConfigList
List of feature or feature combination-specific RACH configurations, i.e. the RACH configurations configured in addition to the one configured by rach-ConfigCommon and by msgA-ConfigCommon. The network associates all possible preambles of an additional RACH configuration to a feature or feature combination.



Observation 1: All possible preambles of an additional RACH configuration configured using additionalRACH-ConfigList should be associated with a feature/feature combination
However, in the current signalling, the AdditionalRACH-Config reuses the RACH-ConfigCommon IE for the definition of the RACH resources. It should be noted that in the RACH-ConfigCommon IE, the preambles reserved for each SSB is determined by the IE ssb-perRACH-OccasionAndCB-PreamblesPerSSB. 
Thus, for Rel-17, with the introduction of feature specific RACH resources, some preambles can be reserved for a specific feature or feature combination. The location and the number of the feature specific preambles will be determined by the IE startPreambleForThisPartition-r17 and numberOfPreamblesForThisPartition-r17. This is depicted in Figure 1 below. 


[bookmark: _Ref110937023]Figure 1: Preamble partitioning for Rel-17

Observation 2: Only the preambles configured by FeatureCombinationPreambles-r17 (i.e. indicated by startPreambleForThisPartition-r17 and numberOfPreamblesForThisPartition-r17) are feature specific preambles. If the preambles are not associated to any entry of FeatureCombinationPreambles-r17, then the preamble is not associated to any feature.
In case of separate RO (i.e. feature specific preambles are configured in a separate RO compared to the legacy RA resources), it is unclear how the network can associate all the preambles to the a feature/feature combination. In this case, it is not clear how to interpret the CB-PreamblesPerSSB. In other words, can the network configure the start preamble for feature to be within the “CB-PreamblesPerSSB” space or not? Generally, the assumption is that the start of the preambles is configured in the space after the CB preambles reserved for legacy purpose. However, this only works in case of shared RO. For separate RO case above, it seems unless the start preamble of a feature can be configured within the CB-PreamblesPerSSB space, there are always some preambles which cannot be associated with any feature for each SSB (see Figure 1 above). 
To solve the above issue, there seem to be two alternatives: 
· Alt1: if the rach-ConfigCommon is configured in additionalRACH-ConfigCommon-r17, UE should ignore the CB-PreamblesPerSSB within ssb-perRACH-OccasionAndCB-PreamblesPerSSB, since the CB-PreamblesPerSSB is useless in this case
· Alt2: if the rach-ConfigCommon is configured in additionalRACH-ConfigCommon-r17, NW ensure the feature specific preambles in FeatureCombinationPreambles-r17 can cover the first “CB-PreamblesPerSSB” preambles of each SSB, in which case the “CB-PreamblesPerSSB” will become useless as well. Figure below illustrates this alternative.


Figure 2: Configuration of start preamble for each feature in case of separate RO
Both options seem possible, but it seems it is necessary to align company views on this since it is not clear to us that everyone has the same understanding that the start preamble for a given feature can point into the preamble space defined for CB preambles for each SSB. 
Proposal 1: Start preamble for each feature can point into the preamble space defined by CB-PreamblesPerSSB (in case of separate RO) to ensure that the network can associate all possible preambles of an additional RACH configuration to a feature or feature combination
If the above is acceptable, then we can discuss if any clarification is needed in the spec. For instance, Annex A below shows one possible change that could be made to clarify the above. RAN2 can discuss if the change is useful. 
Proposal 2: RAN2 to agree the clarification in CR in Annex A. 
3. Conclusion
The following observations and proposals are made: 
Observation 1: All possible preambles of an additional RACH configuration configured using additionalRACH-ConfigList should be associated with a feature/feature combination
Observation 2: Only the preambles configured by FeatureCombinationPreambles-r17 (i.e. indicated by startPreambleForThisPartition-r17 and numberOfPreamblesForThisPartition-r17) are feature specific preambles. If the preambles are not associated to any entry of FeatureCombinationPreambles-r17, then the preamble is not associated to any feature.
Proposal 1: Start preamble for each feature can point into the preamble space defined by CB-PreamblesPerSSB (in case of separate RO) to ensure that the network can associate all possible preambles of an additional RACH configuration to a feature or feature combination
Proposal 2: RAN2 to agree the clarification in CR in Annex A. 
4. Annex A (Clarification in RRC)
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[bookmark: _Toc60777073][bookmark: _Toc100929946]6	Protocol data units, formats and parameters (ASN.1)
[bookmark: _Toc100930130]–	FeatureCombinationPreambles
The IE FeatureCombinationPreambles associates a set of preambles with a feature combination. For parameters which can be provided in this IE, the UE applies this field value when performing Random Access using a preamble in this featureCombinationPreambles, otherwise the UE applies the corresponding value as determined by applicable Need Code, e.g. Need S. On a specific BWP, there can be at most one set of preambles associated with a given feature combination per RA Type (i.e. 4-step RACH or 2-step RACH).
FeatureCombinationPreambles information element
-- ASN1START
-- TAG-FEATURECOMBINATIONPREAMBLES-START

FeatureCombinationPreambles-r17 ::=   SEQUENCE {
    featureCombination-r17                FeatureCombination-r17,
    startPreambleForThisPartition-r17     INTEGER (1..64),
    numberOfPreamblesPerSSB-ForThisPartition-r17 INTEGER (1..64),
    ssb-SharedRO-MaskIndex-r17            INTEGER (1..15)                                           OPTIONAL, -- Need S
    groupBconfigured-r17                  SEQUENCE {
        ra-SizeGroupA-r17                     ENUMERATED {b56, b144, b208, b256, b282, b480, b640,
                                                        b800, b1000, b72, spare6, spare5,spare4, spare3, spare2, spare1},
        messagePowerOffsetGroupB              ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},
        numberOfRA-PreamblesGroupA            INTEGER (1..64)
    }                                                                                               OPTIONAL, -- Need S
    separateMsgA-PUSCH-Config-r17         MsgA-PUSCH-Config-r16                                     OPTIONAL, -- Cond MsgAConfigCommon
    msgA-RSRP-Threshold-r17               RSRP-Range                                                OPTIONAL, -- Need R
    rsrp-ThresholdSSB-r17                 RSRP-Range                                                OPTIONAL, -- Need R
    deltaPreamble-r17                     INTEGER (-1..6)                                           OPTIONAL, -- Need R
    ...
}

-- TAG-FEATURECOMBINATIONPREAMBLES-STOP
-- ASN1STOP

	FeatureCombinationPreambles field descriptions

	deltaPreamble
Power offset between msg3 or msgA-PUSCH and RACH preamble transmission. If configured, this parameter overrides msg3-DeltaPreamble or msgA-DeltaPreamble, Actual value = field value * 2 [dB] (see TS 38.213 [13], clause 7.1). If msgA-DeltaPreamble is configured in separateMsgA-PUSCH-Config-r17, this field is absent.

	featureCombination
[bookmark: _Hlk103939536]Indicates which combination of features that the preambles indicated by this IE are associated with. The UE ignores a RACH resource defined by this FeatureCombinationPreambles if any feature within the featureCombination is not supported by the UE or has an unknown value.

	messagePowerOffsetGroupB
Threshold for preamble selection. Value is in dB. Value minusinfinity corresponds to –infinity. Value dB0 corresponds to 0 dB, dB5 corresponds to 5 dB and so on (see TS 38.321 [3], clause 5.1.2).

	msgA-RSRP-Threshold
The UE selects 2-step random access type to perform random access based on this threshold (see TS 38.321 [3], clause 5.1.1). This field is only present if partition specific RSRP threshold for 2-step and 4-step RA type is configured for the BWP. If configured, this parameter overrides msgA-RSRP-Threshold-r16. If absent, the UE applies msgA-RSRP-Threshold-r16, if configured

	numberOfPreamblesForThisPartition
It determines how many consecutive preambles are associated to the Feature Combination starting from the starting preamble(s) per SSB.

	numberOfRA-PreamblesGroupA
It determines how many consecutive preambles per SSB are associated to Group A starting from the starting preamble(s). The remaining preambles associated to the Feature Combination are associated to Group B

	ra-SizeGroupA
Transport Blocks size threshold in bits below which the UE shall use a contention-based RA preamble of group A. (see TS 38.321 [3], clause 5.1.2). If this feature combination preambles are associated to a RACH-ConfigCommon-twostepRA, this field correspond to ra-MsgA-SizeGroupA, otherwise it corresponds to ra-Msg3SizeGroupA.

	rsrp-ThresholdSSB
L1-RSRP threshold used for determining whether a candidate beam may be used by the UE. If this parameter is included in FeatureCombinationPreambles which is included in RACH-ConfigCommonTwoStepRA, it corresponds to msgA-RSRP-ThresholdSSB, as defined in TS 38.321 [3]. If this parameter is included in FeatureCombinationPreambles which is included in RACH-ConfigCommon, it it corresponds to rsrp-ThresholdSSB, as defined in TS 38.321 [3].

	separateMsgA-PUSCH-Config
If present it specifies how the 2-step RACH preambles identified by this FeatureCombinationPreambles are mapped to a PUSCH slot separate from the one defined in MsgA-ConfigCommon-r16. If the field is absent, the UE should apply the corresponding parameter in the RACH-ConfigCommonTwoStepRA of the BWP which includes the FeatureCombinationPreambles IE.

	ssb-SharedRO-MaskIndex
Mask index (see TS 38.321 [3]).
Indicates a subset of ROs where preambles are allocated for this feature combination. If this field is configured within FeatureCombinationPreambles which is included in RACH-ConfigCommonTwoStepRA, it indicates a subset of ROs configured within this RACH-ConfigCommonTwoStepRA. This field is configured when there is more than one RO per SSB. If the field is absent, all ROs configured in RACH-ConfigCommon or RACH-ConfigCommonTwoStepRA containing this FeatureCombinationPreambles are shared.

	startPreambleForThisPartition
It defines the first preamble associated with the Feature Combination. If N<1 the first preamble in each PRACH occasion is the one having the same index indicated by this field. If N>=1 in each PRACH occasion N blocks of preambles associated with the Feature Combination are define, each having start index [image: ]+ startPreambleForThisPartition (see 38.213). The network may configure the value of this field such that the first preamble associated with the feature combination is within the preamble space reserved for contention based preambles per each SSB when the feature combination specific RACH resources use separate ROs compared to RACH resources that are not associated with any feature combination. 



	Conditional Presence
	Explanation

	MsgAConfigCommon
	The field is optionally present, Need S, if FeatureCombinationPreambles is included in RACH-ConfigCommonTwoStepRA. Otherwise, it is absent. If the field is absent in FeatureCombinationPreambles included in RACH-ConfigCommonTwoStepRA, the UE applies MsgA-PUSCH-Config included in the corresponding MsgA-ConfigCommon.
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