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1	Introduction
In this contribution, we provide our understanding of the mechanism for retrieval of feature sets and band combinations for MR-DC based on the summary provided in the currently ongoing email discussion in [1]. The following proposals were made at the outcome of the email discussion:
	Proposal A: The network is allowed to include both NR- and EUTRA band numbers even when requesting capabilities for only one RAT-type. The UE includes featureSets based on the provided filter (FreqBandList) and not based on the included supportedBandCombinations.
Proposal B: If the eNB includes the eutra-nr-only flag, the UE omits featureSets which it would only refer to from NR-only band combinations. The eNB may include the eutra-nr-only flag in UECapabilityEnquiry’s for “eutra” and/or “nr”.
Proposal C: Confirm that except for the featureSets all other parameters in the UE-NR-Capabilities shall not dependent on whether or not the NW also requested the UE-MRDC-Capabilities (no need to capture specification in specification).
Proposal D: Agree the corresponding CRs for 38.331 and 36.331 respectively. 



In this contribution, we analyse the Alternative 3 to primarily confirm our understanding of the proposed solution with the other companies.
2	Background
[image: ]
Figure 2-1: Relationship between Band Combinations and Feature Sets
In the Figure 2-1, a simplified picture is shown describing how the two-dimensional matrix is used for linking each band in a Band Combination with a set of Feature Sets in DL and UL.
3	Expected behaviour for retrieving MR-DC capabilities in Alternative 3
The basic premise of the proposed solution (Alternative 3) is as follows:
· Ensuring the consistency of feature sets and feature set combinations when the network retrieves (LTE, NR, and MR-DC capabilities).
· The proposal should work irrespective of the following scenarios:
· Scenario 1: eNB first requests LTE only capabilities and then jointly requests NR and MR-DC capabilities (2 requests)
· Scenario 2: eNB first requests LTE only capabilities and then separately requests NR and MR-DC capabilities (3 separate requests)
From a logical point of view, the following steps are needed to retrieve capabilities required for MR-DC operation:
Step 1: UE is in LTE RRC_CONNECTED. The eNB requests the LTE standalone capabilities with RAT-type set to ‘eutra’ and setting the filter requestedFreqBandsNR-MRDC IE (OCTET STRING pointing to FreqBandList IE in TS 38.331 which must carry the information for E-UTRA and NR bands respectively).
Observation 1a: As the eNB does not yet know the supported NR bands from the UE, the filter setting is required to be more generic (e.g. at a coarse level of larger service area maybe a PLMN)
Proposal 1a: RAN2 is requested to confirm that a eNB needs to be able to set the filter requestedFreqBandsNR-MRDC even before it knows the NR bands the UE supports.
	5.6.3.3	Reception of the UECapabilityEnquiry by the UE
3>	if the UE supports NR and/or EN-DC: (with RAT-type set to eutra  retrieve LTE feature sets)
4>	include featureSetsEUTRA as specified in TS 38.331 [82], clause 5.6.1.4.2, considering the FreqBandList included in requestedFreqBandsNR-MRDC (if present);



Observation 1b: For Step 1, eNB requests LTE capabilities and sets the filter with requestedFreqBandsNR-MRDC. UE only provides to eNB the EUTRA corresponding feature sets used in the band combinations corresponding to requestedFreqBandsNR-MRDC. Furthermore, network must use same filter across all further request to ensure consistency.
Proposal 1b-1: RAN2 is requested to confirm that when queried with a RAT-type ‘eutra’, the UE returns ONLY those E-UTRA feature sets that are used in the corresponding MR-DC band combinations synthesized from the requestedFreqBandsNR-MRDC.
Proposal 1b-2: Discuss if the TS 36.331 pointing to TS 38.331 section 5.6.1.4.2 is sufficient (the MR-DC band combinations need to be generated by the UE and then the step of extracting the E-UTRA feature sets needs to be done, capturing this in TS 38.331 is important).
Step 2: LTE (eNB) requests UE capability with RAT-type set to “eutra-nr” and with the filter requestedFreqBandsNR-MRDC IE (OCTET STRING pointing to FreqBandList IE in TS 38.331 which carries the filters for E-UTRA and NR bands respectively).
	5.6.3.3	Reception of the UECapabilityEnquiry by the UE
2>	if the ue-CapabilityRequest includes eutra-nr and if the UE supports EN-DC: (filter must contain EUTRA and NR bands)
3>	include the UE radio access capabilities for EUTRA-NR within a ue-CapabilityRAT-Container, with the rat-Type set to eutra-nr; 
[bookmark: _Hlk528849778]3>	include band combinations and feature sets as specified in TS 38.331 [82, 5.6.1] clause 5.6.1.4.1, considering the FreqBandList included in requestedFreqBandsNR-MRDC (if present);



	5.6.1.4.1	Compilation of band combinations
The UE shall: 
1>	if FreqBandList is received:
2>	compile a list of candidate band combinations only consisting of bands included in FreqBandList, and prioritized in the order of FreqBandList, (i.e. first include remaining band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on), where for each band in the band combination, the parameters of the band do not exceed the corresponding parameters provided by the IEs maxBandwidthRequestedDL, maxBandwidthRequestedUL, maxCarriersRequestedDL, maxCarriersRequested, ca-BandwidthClassDL-EUTRA or ca-BandwidthClassUL-EUTRA, whichever are recevied;
2>	include the received FreqBandList in the field appliedFreqBandListFilter of the requested UE capability;
1>	else,
2>	compile a list of candidate band combinations consisting of all band combinations that the UE supports;
1>	for each band combination included in the candidate list:
2>	if it is regarded as a fallback band combination with the same capabilities of another band combination included in the list of candidates, or
2>	if the requested rat-Type is nr and if the band combination includes an EUTRA band, or
2>	if the requested rat-Type is nr and if the network (EUTRA) included the eutra-nr-only field, or
2>	if the requested rat-Type is eutra-nr and if the band combination includes no EUTRA band:
3>	remove the band combination from the list of candidates;
1>	include the band combinations in the candidate list into supportedBandCombinationList;
NOTE:	Even if the network requests (only) capabilities for nr, it may include EUTRA band numbers in the FreqBandList in order to ensure that the UE includes all necessary feature sets needed for subsequently requested eutra-nr capabilities (see 5.6.1.4.2). In such cases, the procedural text above ensures that the UE does not include eutra-nr band combinations in the UE-NR-Capabilities. Similarly, the procedural text above ensures that the UE does not include NR-only band combinations in the UE-MRDC-Capabilities. Furthermore, the (EUTRA) network may requests capabilities for nr but indicate with the eutra-nr-only flag that the UE shall not include any NR band combinations in the UE-NR-Capabilities.  



	[bookmark: _Toc510018545][bookmark: _Toc524434415]5.6.1.2	Initiation
The network initiates the procedure to a UE in RRC_CONNECTED when it needs (additional) UE radio access capability information.
NOTE:	The UE also invokes the procedures for compilation of band combinations (5.6.1.4.1) when the network requests UE capabilities for nr or eutra-nr via EUTRA if the UE supports NR or EN-DC, respectively. And the UE invokes the procedures for compilation of feature sets (5.6.1.4.2) when the network requests capabilities for eutra via EUTRA if the UE supports NR and/or EN-DC.



Observation 2: UE prepares a list of MR-DC band combinations corresponding to the filter and additionally prepares the feature set combinations corresponding to the band combinations i.e. UE prepares a container for common MR-DC capability that includes MR-DC band combinations with respect to requestedFreqBandsNR-MRDC IE and the feature set combinations.

Proposal 2a: RAN2 to confirm that only the feature set combinations are generated when the RAT-type is set to ‘eutra-nr’.
Proposal 2b: RAN2 to confirm that the eNB does not sets eutra-nr-only-r15 flag to ‘true’ when RAT-type is set to eutra-nr.
Step 3: LTE (eNB) requests UE capability with RAT-type set to “nr” and with the filter requestedFreqBandsNR-MRDC IE (OCTET STRING pointing to FreqBandList IE in TS 38.331 which carries the filters for E-UTRA and NR bands respectively).
	5.6.1.4.1	Compilation of band combinations
The UE shall: 
1>	if FreqBandList is received:
2>	compile a list of candidate band combinations only consisting of bands included in FreqBandList, and prioritized in the order of FreqBandList, (i.e. first include remaining band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on), where for each band in the band combination, the parameters of the band do not exceed the corresponding parameters provided by the IEs maxBandwidthRequestedDL, maxBandwidthRequestedUL, maxCarriersRequestedDL, maxCarriersRequested, ca-BandwidthClassDL-EUTRA or ca-BandwidthClassUL-EUTRA, whichever are recevied;
2>	include the received FreqBandList in the field appliedFreqBandListFilter of the requested UE capability;
1>	else,
2>	compile a list of candidate band combinations consisting of all band combinations that the UE supports;
1>	for each band combination included in the candidate list:
2>	if it is regarded as a fallback band combination with the same capabilities of another band combination included in the list of candidates, or
2>	if the requested rat-Type is nr and if the band combination includes an EUTRA band, or
2>	if the requested rat-Type is nr and if the network (EUTRA) included the eutra-nr-only field, or
2>	if the requested rat-Type is eutra-nr and if the band combination includes no EUTRA band:
3>	remove the band combination from the list of candidates;
1>	include the band combinations in the candidate list into supportedBandCombinationList;
NOTE:	Even if the network requests (only) capabilities for nr, it may include EUTRA band numbers in the FreqBandList in order to ensure that the UE includes all necessary feature sets needed for subsequently requested eutra-nr capabilities (see 5.6.1.4.2). In such cases, the procedural text above ensures that the UE does not include eutra-nr band combinations in the UE-NR-Capabilities. Similarly, the procedural text above ensures that the UE does not include NR-only band combinations in the UE-MRDC-Capabilities. Furthermore, the (EUTRA) network may requests capabilities for nr but indicate with the eutra-nr-only flag that the UE shall not include any NR band combinations in the UE-NR-Capabilities. 



Observation 3a: If eutra-nr-only-r15 flag is not present, the UE includes the band combinations corresponding to only those NR bands in the requestedFreqBandsNR-MRDC IE.
Observation 3b: If eutra-nr-only-r15 flag is present and set to ‘true’, the UE does not include any band combinations corresponding to only those NR bands in the requestedFreqBandsNR-MRDC IE.
Proposal 3a: RAN2 is requested to confirm that when queried with a RAT-type ‘nr’ and eutra-nr-only-r15 flag is present and set to ‘true’, the UE returns ONLY those NR feature sets that are used in the corresponding MR-DC band combinations synthesized from the requestedFreqBandsNR-MRDC. 
Proposal 3b: RAN2 to confirm that for the same request, the UE additionally reports the standalone NR capabilities that are not under the capability coordination.
At the end of this procedure, eNB receives in total TWO or THREE (corresponding to Scenario 1 and Scenario 2 respectively), containers each corresponding to the following RAT types:
· eutra (LTE standalone capabilities and E-UTRA feature sets ONLY corresponding to the feature set combinations used in the MR-DC band combinations synthesized from requestedFreqBandsNR-MRDC IE)
· eutra-nr (MR-DC band combinations and feature set combinations)
· nr 
· If eutra-nr-only flag is not present, then a) NR standalone capabilities outside of capability coordination b) standalone NR BC’s synthesized from the requestedFreqBandsNR-MRDC IE and c) NR feature sets corresponding to the standalone NR BC’s synthesized from the requestedFreqBandsNR-MRDC IE.
· If eutra-nr-only flag is present and set to ‘true’, then a) NR standalone capabilities outside of capability coordination b) ZERO NR standalone band combinations and c) NR feature sets corresponding ONLY to the MR-DC BC’s synthesized from the requestedFreqBandsNR-MRDC IE.
With this understanding, the proposals are reworded a bit to reflect clear understanding:
Proposal A: The network is allowed to include both NR and E-UTRA band numbers even when requesting capabilities for only one RAT-type (using requestedFreqBandsNR-MRDC). The UE includes featureSets required by the Feature Set Combinations used in the MR-DC band combinations based on the provided filter, requestedFreqBandsNR-MRDC OCTET STRING points to FreqBandList in TS 38.33, and not based on the included supportedBandCombinations.
[bookmark: _Hlk528913519]Proposal B: If the eNB includes the eutra-nr-only flag (only used when the RAT-type requested is ‘nr’), the UE omits featureSets which it would only refer to from NR-only band combinations. The eNB may include the eutra-nr-only flag in UECapabilityEnquiry’s for “eutra” and/or “nr”.
Proposal C: Confirm that except for the featureSets all other parameters in the UE-NR-Capabilities (i.e. NR standalone capabilities outside of capability coordination) shall not dependent on whether or not the NW also requested the UE-MRDC-Capabilities (no need to capture specification in specification). 
4	Heading 1
This contribution described the “expected” specification steps in retrieving MR-DC band combinations and corresponding feature sets in EN-DC operation. RAN2 is requested to confirm the following observations.
[bookmark: _GoBack]Observation 1a: As the eNB does not yet know the supported NR bands from the UE, the filter setting is required to be more generic (e.g. at a coarse level of larger service area maybe a PLMN).
Proposal 1a: RAN2 is requested to confirm that a eNB needs to be able to set the filter requestedFreqBandsNR-MRDC even before it knows the NR bands the UE supports.
Observation 1b: For Step 1, eNB requests LTE capabilities and sets the filter with requestedFreqBandsNR-MRDC. UE only provides to eNB the EUTRA corresponding feature sets used in the band combinations corresponding to requestedFreqBandsNR-MRDC. Furthermore, network must use same filter across all further request to ensure consistency.
Proposal 1b-1: RAN2 is requested to confirm that when queried with a RAT-type ‘eutra’, the UE returns ONLY those E-UTRA feature sets that are used in the corresponding MR-DC band combinations synthesized from the requestedFreqBandsNR-MRDC.
Proposal 1b-2: Discuss if the TS 36.331 pointing to TS 38.331 section 5.6.1.4.2 is sufficient (the MR-DC band combinations need to be generated by the UE and then the step of extracting the E-UTRA feature sets needs to be done, capturing this in TS 38.331 is important).
Observation 2: UE prepares a list of MR-DC band combinations corresponding to the filter and additionally prepares the feature set combinations corresponding to the band combinations i.e. UE prepares a container for common MR-DC capability that includes MR-DC band combinations with respect to requestedFreqBandsNR-MRDC IE and the feature set combinations.

Proposal 2a: RAN2 to confirm that only the feature set combinations are generated when the RAT-type is set to ‘eutra-nr’.
Proposal 2b: RAN2 to confirm that the eNB does not sets eutra-nr-only-r15 flag to ‘true’ when RAT-type is set to eutra-nr.
Observation 3a: If eutra-nr-only-r15 flag is not present, the UE includes the band combinations corresponding to only those NR bands in the requestedFreqBandsNR-MRDC IE.
Observation 3b: If eutra-nr-only-r15 flag is present and set to ‘true’, the UE does not include any band combinations corresponding to only those NR bands in the requestedFreqBandsNR-MRDC IE.
Proposal 3a: RAN2 is requested to confirm that when queried with a RAT-type ‘nr’ and eutra-nr-only-r15 flag is present and set to ‘true’, the UE returns ONLY those NR feature sets that are used in the corresponding MR-DC band combinations synthesized from the requestedFreqBandsNR-MRDC. 
Proposal 3b: RAN2 to confirm that for the same request, the UE additionally reports the standalone NR capabilities that are not under the capability coordination.
Proposal A: The network is allowed to include both NR and E-UTRA band numbers even when requesting capabilities for only one RAT-type (using requestedFreqBandsNR-MRDC). The UE includes featureSets required by the Feature Set Combinations used in the MR-DC band combinations based on the provided filter, requestedFreqBandsNR-MRDC OCTET STRING points to FreqBandList in TS 38.33, and not based on the included supportedBandCombinations.
Proposal B: If the eNB includes the eutra-nr-only flag (only used when the RAT-type requested is ‘nr’), the UE omits featureSets which it would only refer to from NR-only band combinations. The eNB may include the eutra-nr-only flag in UECapabilityEnquiry’s for “eutra” and/or “nr”.
Proposal C: Confirm that except for the featureSets all other parameters in the UE-NR-Capabilities (i.e. NR standalone capabilities outside of capability coordination) shall not dependent on whether or not the NW also requested the UE-MRDC-Capabilities (no need to capture specification in specification).
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