Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG2 #103bis	Tdoc R2-1814979
Chengdu, China, 2018-10-08 to 2018-10-12

Agenda Item:	10.4.4.2  (UE capabilities for EN-DC)
Source:	Ericsson
Title:	Relation of feature sets and band combinations
Document for:	Discussion, Decision
1	Introduction
If the eNB needs the UE’s EN-DC capabilities (UE-MRDC-Capabilities) it performs the UE Capability Enquiry procedure defined in 36.331. The eNB may request capabilities for the rat-Type “nr” or “eutra-nr” and receives in response the UE-NR-Capabilities and the UE-MRDC-Capabilities, respectively. Since the NW needs both IEs it has to issue both requests in to be able to configure EN-DC operation. 
In this contribution we discuss why this independent requesting of the two capability IEs will cause problems and we suggest to modify the procedure so that the UE provides both IEs when the network requests “eutra-nr”. 
[bookmark: _Ref178064866]2	Discussion
2.1	Problem Analysis
The UE-MRDC-Capabilities contain the supportedBandCombinationList as well as a list of featureGroupCombinations. The latter contains the IDs of EUTRA- and NR Feature Sets. The EUTRA feature sets are conveyed in the UE-EUTRA-Capabilities in the field featureSetsEUTRA-r15. The NR feature sets are carried in the UE-NR-Capabilities in the field featureSets. The reasoning behind that split is that the network node needs to know and comprehend only the feature set of its own RAT and in addition the compatible feature set ID for the other RAT. 
The feature sets do not contain their ID explicitly. It is derived from the position of the feature set in the featureSets list. The ID space for feature sets is limited to 1024 elements. 
The current 36.331 allows the eNB to request the UE-NR-Capabilities first. The UE is then required to return the UE-NR-Capabilities with the supported band combinations filtered in accordance with the FreqBandList. It also includes the featureSetCombinations referred to in the band combinations and the featureSets referred to in the featureSetCombinations. 
Since the NW requests capabilities for “nr”, the FreqBandList should contain only NR band numbers. And correspondingly, the featureSets should contain only featureSets referred to from NR-only band combinations. 
Subsequently, the NW may (or may not) perform another capability enquiry for “eutra-nr” and request band combinations for the required EUTRA- and NR band numbers. The UE will generate a supportedBandCombinationList as described in 38.331, 5.6.1.4 and the corresponding featureSetCombinations. The feature set IDs in the latter should refer to feature sets defined previously in the featureSets list in the UE-NR-Capabilities. However, when generating that one the UE did not know which MRDC band combinations it will later be required to include and hence it is likely that the previously defined feature sets do not suffice for the MR-DC band combinations. 
One could consider  adding the EUTRA band numbers already in the FreqBandList of the UECapabilityEnquiry that requests the “nr” capabilities and adjust the procedural text in 38.331, 5.6.1.4 so that the UE includes the featureSets for EN-DC band combinations that it would include in supportedBandCombinationsList if the request would be for eutra-nr. This would require corresponding changes to the procedural text but anyway only ensure consistency among the “corresponding requests”.
Another approach would be to change the behaviour so that the UE includes both the UE-NR-Capabilities and the corresponding UE-MRDC-Capabilities when the NW requests “eutra-nr”. The NW could request capabilities only for “eutra-nr” only for “nr” of for both. The requested rat-Type(s) would unambiguously determine which capability IEs and which fields therein the UE shall provide. The “eutra-nr-only” flag that was added last meeting but for which no behaviour is defined in procedural text would not be necessary anymore. Unfortunately, this does also not solve the problem: If the network requests “nr” and “eutra-nr” in separate UECapabilityEnquiry messages, the featureSet provided in the UE-NR-Capabilities sent in response to the “nr” request would likely contain different entries than the featureSet provided in the UE-NR-Capabilities sent in response to the “eutra-nr” request. The reason is that, in accordance with the procedure, the UE includes only the featureSets required for the band combinations in the respective supportedBandCombinationsList. This also means that the feature set IDs in the two featureSets are not compatible with each other. 
The same is true if the network requests the NR capabilities subsequently with different filters (FreqBandLists). Also here it is likely that the band combinations in the two supportedBandCombinationLists refer to other (more, fewer, different) feature sets. 
A general consequence of the split between band combinations and feature sets and the rule to include only the featureSets needed for the currently requested band combinations is that the NW cannot simply merge the band combinations acquired with different filters into a single list of supportedBandCombination. As discussed earlier, this would have been possible in LTE and it would have allowed to collect more band combinations that fit into the maximum PDU size (8188 byte in LTE). 
[bookmark: _Ref525811170][bookmark: _Toc525853749]Feature sets obtained from subsequent capability enquiries using different filters (e.g. different bands; NR-only vs. MRDC) are not compatible with each other, i.e., the featureSetId:s in two featureSets lists are likely not consistent. 
[bookmark: _Toc525853750]A consequence of Observation 1 is that the NW cannot merge subsequently received supportedBandCombinationLists or featureSets lists into one (as it would have been possible in LTE).
2.2	Solution Direction
We see three possible paths how to address this issue which will be outlined in the following two sub-sections. 
2.2.1	Complete Feature Sets
One could change the UE behaviour so that it must always include all featureSets and that the featureSets must not be modified across subsequent requests. It is difficult to predict how much impact this would have on the overall size of the UE-NR-Capability. And it might lead to that the total number of featureSets (1024) becomes a limiting factor either in terms of RRC message size or in terms of distinguishable feature sets.
[bookmark: _Ref525815263][bookmark: _Toc525853751]Requiring the UE to include all un-filtered feature sets in UE-NR- and UE-EUTRA-Capabilities may increase the total size of the transferred UE capabilities and may lead to shortage of feature sets. 
[bookmark: _Ref525241311][bookmark: _Toc525853753]Alternative 1: Require the UE to include all feature sets in the featureSets lists of the UE-NR-Capabilities and UE-EUTRA-Capabilities, i.e., even the ones that it does not refer to in the currently requested filtered subset of supported band combinations. 
If Proposal 1 is adopted, the network could enquire EUTRA-, NR- and MRDC capabilities in any order and with any FreqBandList filter and be certain that the featureSetIds used in the FeatureSetCombinations unambiguously identify the correct feature sets in the UE-NR-Capabilities and UE-EUTRA-Capabilities. 
If Proposal 1 is considered unacceptable to the shortcomings listed in Observation 3, RAN2 has to discuss whether it is necessary to use and store several subsequently enquired sets of UE capabilities or whether it is sufficient to ensure consistency among only one group featureSets, featureSetCombinations and supportedBandCombinationList. 
2.2.2	Consistency within one UECapabilityEnquiry
When the NW requests eutra, nr and/or eutra-nr capabilities in one UECapabilityEnquiry, the UE can ensure that the featureSets in the UE-EUTRA-Capabilities and in the UE-NR-Capabilities contain all feature set IDs that the featureSetCombinations in the UE-NR-Capabilities and in the UE-MRDC-Capabilities refer to. 
[bookmark: _Toc525853752]When the NW requests eutra, nr and/or eutra-nr capabilities in one UECapabilityEnquiry, the UE can ensure that the featureSets in the UE-EUTRA-Capabilities and in the UE-NR-Capabilities contain all feature set IDs that the featureSetCombinations in the UE-NR-Capabilities and in the UE-MRDC-Capabilities refer to.
If the network issues subsequent UECapabilityEnquiries with different filters, consistency would not be ensured. Hence, the NW cannot merge and store results from subsequent requests with different filters. 
[bookmark: _Ref525816719][bookmark: _Toc525853754]Alternative 2: The NW stores only UE capabilities enquired with the same filter setting. When storing UE capabilities for another filter setting in the CN (AMF or MME), these replace the previously stored capabilities. 
As mentioned in the problem analysis, the current procedures in section 5.6.1 require the UE to “include the featureSets for the supportedBandCombinations included above” when the NW requests “nr”. The text should be extended so that the UE includes also the featureSets for a corresponding request for EN-DC if that was received in the same UE-CapabilityEnquiry. 
[bookmark: _Toc525853755]If RAN2 agrees Proposal 2: Extend the procedural text in section 5.6.1.4 so that the UE includes also the featureSets for a corresponding request for EN-DC received in the same UE-CapabilityEnquiry (if any).
With this approach, the network has to request eutra, nr and eutra-nr in a single UECapabilityEnquiry to obtain all three capability containers with compatible featureSets. If the network is not interested in the capabilities for NR SA, it has to include in addition the eutra-nr-only flag. This combination of requested rat-Types and flags appears unnecessarily complex: As discussed in the problem analysis, the UE may include both the UE-NR-Capabilities and the corresponding UE-MRDC-Capabilities when the NW requests “eutra-nr”. If the network does not request “nr”, too, the UE omits the supportedBandCombinations list in the UE-NR-Capabilities. 
[bookmark: _Toc525853756]If RAN2 agrees Proposal 2: Remove the eutra-nr-only flag from the UECapabilityEnquiry in EUTRA and change the procedure so that the UE includes both the UE-NR-Capabilities and the corresponding UE-MRDC-Capabilities when the NW requests “eutra-nr”. If the network does not request “nr”, too, the UE omits the supportedBandCombinations list and the featureSets required only for NR SA in the UE-NR-Capabilities.
2.2.3	Several consistent sets of UE capabilities
If RAN2 concludes that Proposal 1 is not acceptable due to shortage of feature sets and that Proposal 2 is not acceptable due to not being able to store UE capabilities for subsequent enquiries, other alternatives need to be investigated. 
If, for example, gNBs operating on one frequency layer would request different band combinations than other gNBs operating on another frequency layer in the same PLMN the UE capabilities stored in the CN would often be the wrong ones and would have to be reacquired from the UE (since they cannot be merged as outlined in Observation 1). 
One possible approach would be that the NW stores and uses several sets of [supportedBandCombinationList, featureSetCombinations, featureSets] or several UE capability containers for the same RAT and uploads all those to the AMF. For NR-SA this would in principle be possible with the current structure of the UE-CapabilityRAT-ContainerList as it allows conveying several instances of UE-NR-Capabilities to the CN. But for EN-DC it would be necessary to store matching pairs of [UE-NR-Capabilities, UE-EUTRA-Capabilities and UE-MRDC-Capabilities]. This would obviously not only impact the capability storage in the AMF but, for EN-DC, also in the MME. It seems hence preferable to stick to the principle that the CN stores just one instance of each RAT’s container. Results from subsequent requests with different filters should be stored in one container. This also seems to preclude the possibility to use a triplet of [UE-NR-Capabilities, UE-EUTRA-Capabilities and UE-MRDC-Capabilities] for EN-DC. Instead, the featureSets for NR and EUTRA should be included in the UE-MRDC-Capabilities. To avoid that one RAT has to decode the other RAT’s featureSets, they could be included as transparent containers. If RAN2 follows this approach, the requests for eutra-nr, nr and eutra would become fairly self-contained and independent from each other. 
[bookmark: _Ref525818741][bookmark: _Toc525853757]Approach 3: Consider removing the dependencies between UE-MRDC-Capabilities and UE-NR/EUTRA-Capabilities by including the featureSetsNR and featureSetsEUTRA as OCTET STRINGs into the UE-MRDC-Capabilities. 
[bookmark: _Toc525853758]If RAN2 agrees to Proposal 5: Create inside the UE-NR-Capabilities and inside the UE-MRDC-Capabilities a list of [ue-CapabilityRequestFilterNR,  supportedBandCombinationList, featureSetCombinations, featureSets] and thereby allow the NW to store capabilities for several filters. 
  
Conclusion
In the previous sections we made the following observations: 
Observation 1	Feature sets obtained from subsequent capability enquiries using different filters (e.g. different bands; NR-only vs. MRDC) are not compatible with each other, i.e., the featureSetId:s in two featureSets lists are likely not consistent.
Observation 2	A consequence of Observation 1 is that the NW cannot merge subsequently received supportedBandCombinationLists or featureSets lists into one (as it would have been possible in LTE).
Observation 3	Requiring the UE to include all un-filtered feature sets in UE-NR- and UE-EUTRA-Capabilities may increase the total size of the transferred UE capabilities and may lead to shortage of feature sets.
Observation 4	When the NW requests eutra, nr and/or eutra-nr capabilities in one UECapabilityEnquiry, the UE can ensure that the featureSets in the UE-EUTRA-Capabilities and in the UE-NR-Capabilities contain all feature set IDs that the featureSetCombinations in the UE-NR-Capabilities and in the UE-MRDC-Capabilities refer to.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Alternative 1: Require the UE to include all feature sets in the featureSets lists of the UE-NR-Capabilities and UE-EUTRA-Capabilities, i.e., even the ones that it does not refer to in the currently requested filtered subset of supported band combinations.
Proposal 2	Alternative 2: The NW stores only UE capabilities enquired with the same filter setting. When storing UE capabilities for another filter setting in the CN (AMF or MME), these replace the previously stored capabilities.
Proposal 3	If RAN2 agrees Proposal 2: Extend the procedural text in section 5.6.1.4 so that the UE includes also the featureSets for a corresponding request for EN-DC received in the same UE-CapabilityEnquiry (if any).
Proposal 4	If RAN2 agrees Proposal 2: Remove the eutra-nr-only flag from the UECapabilityEnquiry in EUTRA and change the procedure so that the UE includes both the UE-NR-Capabilities and the corresponding UE-MRDC-Capabilities when the NW requests “eutra-nr”. If the network does not request “nr”, too, the UE omits the supportedBandCombinations list and the featureSets required only for NR SA in the UE-NR-Capabilities.
Proposal 5	Approach 3: Consider removing the dependencies between UE-MRDC-Capabilities and UE-NR/EUTRA-Capabilities by including the featureSetsNR and featureSetsEUTRA as OCTET STRINGs into the UE-MRDC-Capabilities.
Proposal 6	If RAN2 agrees to Proposal 5: Create inside the UE-NR-Capabilities and inside the UE-MRDC-Capabilities a list of [ue-CapabilityRequestFilterNR,  supportedBandCombinationList, featureSetCombinations, featureSets] and thereby allow the NW to store capabilities for several filters.
 


Annex A – UE Capability Enquiry in 36.331 
[bookmark: _Toc510531297]5.6.3.3	Reception of the UECapabilityEnquiry by the UE
The UE shall:
...
2>	if the ue-CapabilityRequest includes nr and if the UE supports NR:
3>	include the UE radio access capabilities for NR within a ue-CapabilityRAT-Container, with the rat-Type set to nr and in accordance with requestedFreqBandsNR-MRDC and as specified in TS 38.331 [X2, 5.6.1].
2>	if the ue-CapabilityRequest includes eutra-nr and if the UE supports EN-DC:
3>	include the UE radio access capabilities for EUTRA-NR within a ue-CapabilityRAT-Container, with the rat-Type set to eutra-nr and in accordance with in accordance with requestedFreqBandsNR-MRDC and as specified in TS 38.331 [82, 5.6.1].
1>	submit the UECapabilityInformation message to lower layers for transmission, upon which the procedure ends;
Annex B – UE Capability Enquiry in 38.331
[bookmark: _Toc510018543][bookmark: _Toc524434413]5.6.1	UE capability transfer
[bookmark: _Toc510018544][bookmark: _Toc524434414]5.6.1.1	General


Figure 5.6.1.1-1: UE capability transfer
[bookmark: _Toc510018545][bookmark: _Toc524434415]5.6.1.2	Initiation
[bookmark: _Toc510018546]The network initiates the procedure to a UE in RRC_CONNECTED when it needs (additional) UE radio access capability information.
[bookmark: _Toc524434416]5.6.1.3	Reception of the UECapabilityEnquiry by the UE
The UE shall set the contents of UECapabilityInformation message as follows:
1>	if the ue-CapabilityRequest includes nr:
2>	include the UE-NR-Capability within a ue-CapabilityRAT-Container and with the rat-Type set to nr;
2>	include band combinations supported by the UE into supportedBandCombination as specified in 5.6.1.4;
1>	if the ue-CapabilityRequest includes eutra and if the UE supports EUTRA:
2>	include the UE-EUTRA-Capability within a ue-CapabilityRAT-Container and with the rat-Type set to eutra;
1>	submit the UECapabilityInformation message to lower layers for transmission, upon which the procedure ends.
Editor’s Note: FFS whether NR UECapabilityEnquiry is also used for EN-DC.
[bookmark: _Toc510018547][bookmark: _Toc524434417]5.6.1.4	Compilation of band combinations supported by the UE
The UE shall: 
1>	if FreqBandList is received:
2>	if the received FreqBandList contains at least one of maxBandwidthRequestedDL, maxBandwidthRequestedUL, maxCarriersRequestedDL or maxCarriersRequestedUL for at least one of the bands:
3>	compile a list of band combinations, candidate for inclusion in the UECapabilityInformation message, only consisting of bands included in FreqBandList, 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>	else:
3>	compile a list of band combinations, candidate for inclusion in the UECapabilityInformation message, 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);
2>	for each band combination included in the candidate list:
3>	if it is regarded as a fallback band combination with the same capabilities of another band combination included in the list of candidates as specified in TS 38.306 [xx]:
4>	remove the band combination from the list of candidates;
2>	include all band combinations in the candidate list into supportedBandCombination;
2>	include the received FreqBandList in the field appliedFreqBandListFilter of the requested UE capability;
1>	else:
2> include all band combinations supported by the UE into supportedBandCombination, excluding fallback band combinations with the same capabilities of another band combination included in the list of band combinations supported by the UE;
1>	if the requested rat-Type is nr:
2>	include the featureSets for the supportedBandCombinations included above;
2>	include the featureSetCombinations corresponding to the supportedBandCombinations and for the featureSets included above;
1>	if the requested rat-Type is eutra-nr:
2>	include the featureSetCombinations corresponding to the supportedBandCombinations included above and to the featureSets included in a corresponding capability request for rat-Type set to nr.
NOTE:	For EN-DC, the network needs the capabilities for RAT types nr and eutra-nr and it uses the featureSets in the UE-NR-Capabilities together with the featureSetCombinations in the UE-MRDC-Capabilities to determine the UE capabilities for the supported MRDC band combinations. Hence, the IDs used in the featureSets must match to the IDs referred to in featureSetCombinations. 
[bookmark: _In-sequence_SDU_delivery]
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