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1	Introduction 
The extension mechanism for FeatureCombination-r17 IE has been discussed in RAN2#117e meeting and in recent ASN1 ad-hoc meeting. This paper analyses the current extension solutions for FeatureCombination-r17 and provides an option of extension solution with bit string. This discussion paper is related to the RIL Issue C153 and E126. 
[bookmark: _Ref178064866]2	Discussion 
The FeatureCombination-r17 is used to indicate which feature or feature combination that the preambles are associated with. Considering the possibility that the new features may be introduced in the future, the structure of FeatureCombination-r17 should adopt the extension mechanism to support the future extensible features.
The extension mechanism for FeatureCombination-r17 has been discussed in RAN2#117e meeting [1]. And the related agreement was reached as following.

	6	As a baseline continue using optional “feature_extension” to FeatureCombinationIndication.



This issue was raised and discussed in recent ASN1 ad-hoc meeting [2]. It was agreed that:

	=> Agree to not use the “…”-extension marker for featureCombination IE, TBD how



Based on the discussion in RAN2#117e and in ASN1 ad-hoc meeting, there are three options to enable extending FeatureCombination-r17 as following:
Option A:

-- ASN1START
-- TAG-FEATURECOMBINATION-START

FeatureCombination-r17 ::= SEQUENCE {
    redCap                     ENUMERATED {true}                                    OPTIONAL,  -- Need R
    smallData                  ENUMERATED {true}                                    OPTIONAL,  -- Need R
    sliceGroup                 SliceGroupList-r17                                   OPTIONAL,  -- Need R
    covEnh                     ENUMERATED {true}                                    OPTIONAL,  -- Need R
    laterThanRel17Features     ENUMERATED {true}                                    OPTIONAL,  -- Need R
    ...
}

SliceGroupList-r17 ::= SEQUENCE (SIZE (1..ffsUpperLimit)) OF SliceGroupID-r17

-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP

Option A is adopted in the current Rel-17 38.331 specification [3]. According to the analysis in [4], solution with extension markers consumes approximately 2 extra bytes when a RACH partition used for new features needs to be indicated. So the solution with extension makers was agreed to not to use in ASN1 ad-hoc meeting.  

Observation 1: The extension marker “…” will not be used for FeatureCombination IE.

Option B: 

-- ASN1START
-- TAG-FEATURECOMBINATION-START

FeatureCombination-r17 ::= SEQUENCE {
    redCap-r17                     ENUMERATED {true}                         OPTIONAL,  -- Need R
    smallData-r17                  ENUMERATED {true}                         OPTIONAL,  -- Need R
    sliceGroup-r17                 SliceGroupList-r17                        OPTIONAL,  -- Need R
    covEnh-r17                     ENUMERATED {true}                         OPTIONAL,  -- Need R
	spare4						   ENUMERATED {true}						 OPTIONAL,  -- Need R   
	spare3						   ENUMERATED {true}						 OPTIONAL,  -- Need R
	spare2						   ENUMERATED {true}						 OPTIONAL,  -- Need R
	spare1						   ENUMERATED {true}						 OPTIONAL   -- Need R
laterThanRel17Features     ENUMERATED {true}                             OPTIONAL,  -- Need R
    ...
}

SliceGroupList-r17 ::= SEQUENCE (SIZE (1..ffsUpperLimit)) OF SliceGroupID-r17

-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP
The solution with spare value has been considered in previous meeting but there is no consensus on this solution. Option B with 4 spare values defined as “ENUMERATED {True}” was proposed in [5]. Currently, this option only reserves four features for future extension. But we think it may be not sufficient for future extension. As the extension number has not been decided, if we allow reserving 12 features for future extension as Option C, the structure for FeatureCombination-r17 seems a little complex. The design using spare value in SEQUENCE like in Option B is not common in ASN1 specification. When we reserve 12 spare values for extending features, the structure of FeatureCombination-r17 seems a little more complex.     

Option C

-- ASN1START
-- TAG-FEATURECOMBINATION-START
 
FeatureCombination-r17 ::=    SEQUENCE (SIZE (1..maxFeatures-r17)) OF RachFeaturesInfo-r17              OPTIONAL, -- Need R 
 
RachFeaturesInfo-r17 ::= SEQUENCE {
   rachFeatures-r17        ENUMERATED {redcap, smallData, slice, covEnh, spare12, spare11, spare10, spare9, 
                            spare8, spare7, spare6, spare5, spare4, spare3,spare2,spare1}              OPTIONAL, -- Need R
   sliceGroupList-r17 ::=              SEQUENCE (SIZE (1..999)) OF SliceGroupID-r17        OPTIONAL, -- Need R
 
}
 
-- Editor’s Note: Up to WI Slicing to conclude on the content and use of SliceGroupList and/or SliceGroupID
-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP

	RachFeaturesInfo field descriptions

	rachFeatures
This field indicates which features are part of this feature combination. If this field is configured with value spare, the UE shall discard (and not use) the FeatureCombinationPreamble IE.

	sliceGroupList
This field indicates which slice group(s) are part of this feature combination. The network does configure this field only when the value slice is indicated in rachFeature-r17.



Option C is proposed in [4]. This solution uses a two-level SEQUENCE structure for FeatureCombinaion-r17. The RACHFeaturesInfo-r17 is introduced to indicate the single feature info. If we want to indicate a feature combination, the field FeatureCombination-r17 should include multiple RachFeaturesInfo-r17. Within RACHFeaturesInfo-r17 field, the twelve spare values in ENUMERATED are reserved for future extensible features. This means that at least 4 bits are needed to indicate each single feature. For feature combination, there needs to be at times of 4 bits to indicate this feature combination. So this solution may introduce the additional overhead compare with Option B. 

Observation 2: The structure of FeatureCombination in current extension solutions with spare seems not simple enough. 

Based on the above analysis, we provide another solution, option D with bit string for extending FeatureCombination-r17 as below.

Option D

-- ASN1START
-- TAG-FEATURECOMBINATION-START
FeatureCombination-r17 ::= SEQUENCE {
	rachFeatures-r17	BIT STRING {redcap		(0),
									smallData	(1),
									covEnh		(2) } (SIZE(1..16)), OPTIONAL, -- Need R
	sliceGroup-r17                 SliceGroupList-r17                       	 OPTIONAL  -- Need R
}

SliceGroupList-r17 ::= SEQUENCE (SIZE (1..ffsUpperLimit)) OF SliceGroupID-r17
-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP

	RachFeaturesInfo field descriptions

	rachFeatures
This field indicates the feature or feature combination of RedCap, SmallData and CovEnh. This is represented by a bit string, with a one-value at the bit position means the correstpding feature is addressed; a zero-value means not addressed. If multiple bit positions are set as one-value, this means the combination of these features. 

	sliceGroupList
This field indicates which slice group(s) are part of this feature combination.  



The Option D adopts the bit string structure which is inspired by the design of AccessTypes IE in TS37.355. In this solution the features or feature combinations are indicated by the bit value of corresponding bit position. If only the first bit position is set to one-value, this means the feature combination indicates the Redcap feature. If the first and the second bit position are set to one-value, the filed FeatureCombination-r17 indicates the combination of Redcap and SmallData feature and so on. For Slice feature, sliceGroupList-r17 is configured only when the bit position at slice is set to one-value. 
We suppose to reserve 13 spare values for future extensible features. So we can use a at most 16 bits length of bit string for rachFeatures-r17. In order to reduce the overhead, we adopt a dynamic value for the size of bit string. In our understanding, the new feature needing multiple-bit indication is a corner case. We can focus on the extension for the features indicated by True or False.  
We think Option D with bit string can reduce the overhead and it seems simpler to indicate the feature combination. So we propose that:

Proposal 1: RAN2 to adopt the solution D using bit string with spare for FeatureCombination IE and adopt Annex A to RRC spec. 

[bookmark: _Ref189046994]3 Conclusion
According to the above discussion, the following observations are made:
Observation 1: The extension marker “…” will not be used for FeatureCombination IE.

Observation 2: The structure of FeatureCombination in current extension solutions with spare seems not simple enough.

Also, the following proposals are formulated:
Proposal 1: RAN2 to adopt the solution D using bit string with spare for FeatureCombination IE and adopt Annex A to RRC spec.
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Annex A 	Text Proposal for TS38.331 V17.0.0 
Start of change
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–	FeatureCombination
The IE FeatureCombination indicates a combination of features to be associated with a RA partition (i.e. an instance of FeatureCombinationPreambles).
FeatureCombination information element
-- ASN1START
-- TAG-FEATURECOMBINATION-START

FeatureCombination-r17 ::= SEQUENCE {
    redCap                     ENUMERATED {true}                                    OPTIONAL,  -- Need R
    smallData                  ENUMERATED {true}                                    OPTIONAL,  -- Need R
    sliceGroup                 SliceGroupList-r17                                   OPTIONAL,  -- Need R
    covEnh                     ENUMERATED {true}                                    OPTIONAL,  -- Need R
    laterThanRel17Features     ENUMERATED {true}                                    OPTIONAL,  -- Need R
    ...	rachFeatures-r17	BIT STRING {redcap		(0),
									smallData	(1),
									covEnh		(2) } (SIZE(1..16)),       OPTIONAL,  -- Need R
	sliceGroup-r17					SliceGroupList-r17                        OPTIONAL   -- Need R

}

SliceGroupList-r17 ::= SEQUENCE (SIZE (1..ffsUpperLimit)) OF SliceGroupID-r17

-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP

	 FeatureCombination field descriptions

	redCap
If present, this field indicates that RedCap is part of this feature combination.

	smallData
If present, this field indicates that Small Data is part of this feature combination.

	sliceGroup
If present, this field indicates slice group(s) that are part of this feature combination.

	covEnh
If present, this field indicates that coverage enhancement is part of this feature combination.

	laterThanRel17Features
If present, this field indicates that features introduced later than Rel-17 are part of this feature combination. A UE which does not support such features shall not use the associated featureCombinationPreambles.

	rachFeatures
This field indicates the feature or feature combination of RedCap, SmallData and CovEnh. This is represented by a bit string, with a one-value at the bit position means the correstpding feature is addressed; a zero-value means not addressed. If multiple bit positions are set as one-value, this means the combination of these features.

	sliceGroupList
This field indicates which slice group(s) are part of this feature combination. 


End of change
