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1	Introduction
DMRS Bundling together with a number of sub-features has been specified in 3GPP Rel-17, mainly in RAN1 due to the nature of the feature itself. The capability for how a UE can fulfil the feature requirements falls on RAN2 and the UE Capability specification (3GPP 38.306, ref [1]). The input from RAN1 for the configuration of this feature is that DMRS Bundling, and its sub-features shall be defined on two levels “per band” as well as “per BC”, indicating that the configuration should include both these two settings. RAN1 however also left up to RAN2 how this should be configured, meaning that there are some room for RAN2 to make this feature configuration as good as can be.
In the RAN2#120 meeting in the Coverage Enhancements session a CR text was agreed, but also discussed afterwards offline, with an outcome that was not mutually satisfactory, hence was pushed for next meeting.
This contribution discusses our view on how this feature capability should be reflected in the specifications. 
[bookmark: _Ref178064866]2	Discussion
The reason for RAN1s instruction of defining UE capability as “per band and per BC” comes from the nature of the DMRS Bundling feature(s) itself. For the gNB to be able to bundle and aggregate the DMRS sent from the UE, it requires the UE to send these DMRS over a number of slots for which the UE can maintain phase coherency. The possibility for the UE to do this is strongly dependent on the band, and bands, that it has to operate on, since most UEs share the power distributed over the carriers and bands.
With this in mind, it’s reasonable to believe that UEs might support DMRS Bundling in some bands, while a combination of bands might not be supported. This translates to that an UL configuration on a single carrier might be capable of DMRS bundling, but a carrier aggregation configuration over some bands might, or might not, support the feature. It is also our assumption that UE capabilities will differ and change in the future, and therefore a flexible yet simple and efficient capability reporting should be in place.
Furthermore, when the UE has reported its capabilities to the network, it will either be running in a CA or a non-CA configuration in the uplink. For both these cases, the network will have to check the UE Capabilities reported to use the DMRS features. Since a UE will report a number of band combinations, together with a number of feature sets, there will be many iterations of bands, band combinations and feature sets to evaluate for the best configuration to run the DMRS bundling features. This is especially bothersome for a case where the gNB don’t even want to apply a combination of bands, i.e., an UL configuration on a single band. If the UE runs on multiple bands in the uplink (CA), the band combination of those particular bands is applicable, but if it’s running on a single band, the network could check only the band parameter, without paying any respect to the band combination parameter. This would mean that the network could disregard a number of instances of the UE Capabilities.
It is our view that the band parameter should indicate the support for the specific band, while the band combination parameter shall indicate the support for that band combination. In case the band combination consists of a single band, then the band combination parameter could indicate the same value as the band parameter. The relation between BandCombination and FeatureSets however leads to that according to our proposal, the DMRS Bundling features will be indicated support/no support per band and/or per band combination, and thus also the same support for the indicated feature set.
[bookmark: _Toc127432234]Since a UE will report a number of band combinations, together with a number of feature sets, there will be many iterations of bands, band combinations and feature sets to evaluate for the best configuration to run the DMRS bundling features, which adds significant complexity in the network to configure DMRS bundling.
[bookmark: _Toc127432235]For a single carrier UL configuration, DMRS bundling support could be reported only with the band parameter, with the benefit of having only one parameter to verify for the network, and significantly simplifying configuration of DMRS bundling in the network.
[bookmark: _Toc127432236]The feature support indicated in the band combination will apply to the related feature sets, thus the current specification makes the UE unable to report the feature as supported or not supported for individual feature sets in an UL configuration consisting of only one band.
It is however possible for the UE to report more than one band combination, with only a specific band, to indicate support for certain feature sets, together with DMRS Bundling.
[bookmark: _Toc127432237]For a UL configuration of only one band, the relation to FeatureSet seems to not impose restrictions.
[bookmark: _Toc127432239]Let the specifications reflect that the DMRS Bundling features in case of an uplink single carrier combination indicates support based on only the band parameter.

As the current specification (38.306 rel 17.3.0) defines the parameters for the feature DMRS bundling, there is a [marking] that indicates further discussion:
	dmrs-BundlingPUCCH-Rep-r17
Indicates whether the UE supports DM-RS bundling for PUCCH repetitions for PUCCH formats 1/3/4 over consecutive symbols. The UE is considered to support the feature in a band of a band combination if the UE indicates support of the feature for the corresponding band and for the band combination[, except for the case where the band combination consists only of a band with a single component carrier, the feature is supported based on the UE indicating support of the feature for the corresponding band].

UE indicating support of this feature shall also indicate support of maxDurationDMRS-Bundling-r17 and pucch-Repetition-F1-3-4.
	Band
	No
	N/A
	N/A



The text in the green marking above, was added during RAN2#120 as per a discussion in a contribution from Ericsson and agreed online. In an offline discussion afterwards, some companies raised concerns with the formulation of this agreement, and hence the brackets were added around the text to indicate upcoming discussion in the next meeting. What the addition marked in green describes is that if a single band is reported in a specific band combination, then the feature support is not indicated by dmrs-BundlingPUCCH-RepPerBC-r17 but instead the band parameter dmrs-BundlingPUCCH-Rep-r17 will show the feature support.
[bookmark: _Toc127432238]The current specification contains markings that are not suitable for implementation.
[bookmark: _Toc127432240]Remove the square brackets from the dmrs-BundlingPUCCH-Rep-r17 parameter and the sub feature parameters.


Conclusion
In the previous sections we made the following observations: 
Observation 1	Since a UE will report a number of band combinations, together with a number of feature sets, there will be many iterations of bands, band combinations and feature sets to evaluate for the best configuration to run the DMRS bundling features, which adds significant complexity in the network to configure DMRS bundling.
Observation 2	For a single carrier UL configuration, DMRS bundling support could be reported only with the band parameter, with the benefit of having only one parameter to verify for the network, and significantly simplifying configuration of DMRS bundling in the network.
Observation 3	The feature support indicated in the band combination will apply to the related feature sets, thus the current specification makes the UE unable to report the feature as supported or not supported for individual feature sets in an UL configuration consisting of only one band.
Observation 4	For a UL configuration of only one band, the relation to FeatureSet seems to not impose restrictions.
Observation 5	The current specification contains markings that are not suitable for implementation.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Let the specifications reflect that the DMRS Bundling features in case of an uplink single carrier combination indicates support based on only the band parameter.
Proposal 2	Remove the square brackets from the dmrs-BundlingPUCCH-Rep-r17 parameter and the sub feature parameters.
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[bookmark: _Toc12750894][bookmark: _Toc29382258][bookmark: _Toc37093375][bookmark: _Toc37238651][bookmark: _Toc37238765][bookmark: _Toc46488660][bookmark: _Toc52574081][bookmark: _Toc52574167][bookmark: _Toc124539588]4.2.7.2	BandNR parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	--- Omitted ---
	
	
	
	

	dmrs-BundlingNonBackToBackTX-r17
Indicates whether the UE supports DM-RS bundling for non-back-to-back transmission for consecutive slots for PUSCH and PUCCH only for corresponding supported back-to-back transmission as reported in dmrs-BundlingPUSCH-RepTypeA-r17, dmrs-BundlingPUSCH-RepTypeB-r17, dmrs-BundlingPUSCH-multiSlot-r17 or dmrs-BundlingPUCCH-Rep-r17. The UE is considered to support the feature in a band of a band combination if the UE indicates support of the feature for the corresponding band and for the band combination[, except for the case where the band combination consists only of a band with a single component carrier, the feature is supported based on the UE indicating support of the feature for the corresponding band].

UE indicating support of this feature shall also indicate support of at least one of dmrs-BundlingPUSCH-RepTypeA-r17, dmrs-BundlingPUSCH-RepTypeB-r17, dmrs-BundlingPUSCH-multiSlot-r17 or dmrs-BundlingPUCCH-Rep-r17.
	Band
	No
	N/A
	N/A

	dmrs-BundlingPUCCH-Rep-r17
Indicates whether the UE supports DM-RS bundling for PUCCH repetitions for PUCCH formats 1/3/4 over consecutive symbols. The UE is considered to support the feature in a band of a band combination if the UE indicates support of the feature for the corresponding band and for the band combination[, except for the case where the band combination consists only of a band with a single component carrier, the feature is supported based on the UE indicating support of the feature for the corresponding band].

UE indicating support of this feature shall also indicate support of maxDurationDMRS-Bundling-r17 and pucch-Repetition-F1-3-4.
	Band
	No
	N/A
	N/A

	dmrs-BundlingPUSCH-multiSlot-r17
Indicates whether the UE supports DM-RS bundling for TB processing over multi-slot PUSCH over consecutive symbols. The UE is considered to support the feature in a band of a band combination if the UE indicates support of the feature for the corresponding band and for the band combination[, except for the case where the band combination consists only of a band with a single component carrier, the feature is supported based on the UE indicating support of the feature for the corresponding band].

UE indicating support of this feature shall also indicate support of maxDurationDMRS-Bundling-r17 and tb-ProcessingMultiSlotPUSCH-r17.
	Band
	No
	N/A
	N/A

	dmrs-BundlingPUSCH-RepTypeA-r17
Indicates whether the UE supports DM-RS bundling for PUSCH repetition type A over consecutive symbols. The UE is considered to support the feature in a band of a band combination if the UE indicates support of the feature for the corresponding band and for the band combination[, except for the case where the band combination consists only of a band with a single component carrier, the feature is supported based on the UE indicating support of the feature for the corresponding band].

UE indicating support of this feature shall also indicate support of maxDurationDMRS-Bundling-r17 and at least one of type1-PUSCH-RepetitionMultiSlots, type2-PUSCH-RepetitionMultiSlots or pusch-RepetitionMultiSlots.
	Band
	No
	N/A
	N/A

	dmrs-BundlingPUSCH-RepTypeB-r17
Indicates whether the UE supports DM-RS bundling for PUSCH repetition type B over consecutive symbols. The UE is considered to support the feature in a band of a band combination if the UE indicates support of the feature for the corresponding band and for the band combination[, except for the case where the band combination consists only of a band with a single component carrier, the feature is supported based on the UE indicating support of the feature for the corresponding band].

UE indicating support of this feature shall also indicate support of maxDurationDMRS-Bundling-r17 and pusch-RepetitionTypeB-r16.
	Band
	No
	N/A
	N/A

	dmrs-BundlingRestart-r17
Indicates whether the UE supports restarting DM-RS bundling after the events triggered by DCI or MAC CE that violate power consistency and phase continuity. The UE is considered to support the feature in a band of a band combination if the UE indicates support of the feature for the corresponding band and for the band combination[, except for the case where the band combination consists only of a band with a single component carrier, the feature is supported based on the UE indicating support of the feature for the corresponding band].

UE indicating support of this feature shall also indicate support of maxDurationDMRS-Bundling-r17.

NOTE:	Events which are triggered by DCI or MAC CE, but do not require UE capability to resume maintaining power consistency and/or phase continuity as specified in clause 6.1.7 of TS 38.214 [12] are excluded from this feature.
	Band
	No
	N/A
	N/A

	--- Omitted ---
	
	
	
	




