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[bookmark: _Ref118142349]1	Introduction
This contribution discusses some remaining issues on DMRS bundling.
One observation refers to the outcome of the LS sent from RAN1 to RAN2 (R1-2210489, [1]) on the updated UE feature list which includes an agreement referred to in that LS about not mentioning “semi-static events” since they are not obvious or defined.
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The second observation is about how to set capability for the DMRS functionality per band, but also per band combination, as agreed by RAN1 in [1].
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[bookmark: _Ref178064866]2	Discussion
Semi-static Events
In the agreement described in the LS [1] there is a suggestion to change the text in 38.331 to update the field definitions for pusch-WindowRestart and pucch-WindowRestart to align with the agreement in RAN1 that clarifies these features.  The current field definition (copied below for pusch-WindowRestart; there is an identical note for pucch-WindowRestart) has a note which is intended to clarify the features:
	Pusch-WindowRestart
Indicates whether UE bundles PUSCH DMRS remaining in a nominal time domain window after event(s) triggered by DCI or MAC CE that violate power consistency and phase continuity requirements is enabled (see TS 38.214 [19], clause 6.1.7).
NOTE:	Events, which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded.



The mention of semi-static and dynamic events was a motivation for the change in RAN1, since these types of events are not described anywhere and hence it will be an ambiguous description. Further details can be found in [2] where it is stated:
Dynamic events are not defined in 38.214; instead events for which power consistency and phase continuity is maintained over an actual TDW that is created in response to specific events are identified.
The agreement from RAN1 says:
	Agreement:
· Add “triggered by DCI or MAC CE” after “event(s)” and a note “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 subclause 6.1.7 of 38.214 v17.3.0 are excluded from this feature” for the description of “Components” in FG 30-4g
· In the LS to be sent to RAN2 with updated UE features list, RAN1 asks RAN2 to consider to update TS38.331 description based on FG30-4g accordingly, e.g., pusch-WindowRestart, pucch-WindowRestart



We agree with the suggestion and the suggested changes are described in chapter ANNEX A – TP for 38.331.
[bookmark: _Toc118285220]	The existing notes in the field definitions for pusch-WindowRestart and pucch-WindowRestart are not implementable and refer to non-defined events.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc118285222]Adopt the changed text as proposed by RAN1 and described in chapter ANNEX A – TP for 38.331.
Per Band + Per Band Combination
In RAN1#110bis, RAN1 agreed to specify the UE capability for DMRS bundling to be per band and per band combination [1], but how this is to be implemented was not agreed. In the RAN1 paper [2] there is also a discussion on how to support both bands, and a combination of bands, which will be useful for a UE configured for Carrier Aggregation in the UL.
This could be supported in different ways, e.g. indicating which bands are supported, and then indicating if certain band combinations are not supported. However, RAN2 guidelines are to not report incapability [4]. For this reason, it seems better to report a band combination is supported in addition to the bands that are supported, rather than what band combinations are not supported.
One approach can be based on the definition of powerClass in 38.306, which has both per band and per band combination capabilities.  In Table 1, we sketch how the capability can be captured in 38.306 using the sub-feature for DMRS bundling with PUSCH repetition Type A (feature 30-4a); the same approach can be used for the DMRS bundling sub-features for PUSCH repetition Type B, TB processing over multi-slot PUSCH (TBoMS), and PUCCH repetitions for PUCCH formats 1/3/4, i.e. features 30-4b, 30-4c, and 30-4d, respectively.
[bookmark: _Ref118232151]Table 1; Example Per Band + Per Band Capability Definition
	Definitions for parameters
	Per

	DMRS-Bundling-PUSCHRepTypeA-Band-r17
Indicates that the UE supports DM-RS bundling for PUSCH repetition type A over consecutive symbols when the UE is configured with a single UL serving cell.
	Band

	DMRS-Bundling-PUSCHRepTypeA-BC-r17
Indicates that the UE supports DM-RS bundling for PUSCH repetition type A over consecutive symbols also when UE is configured with more than one UL serving cell. The capability per band of the band combination is then given by DMRS-Bundling-PUSCHRepTypeA-Band-r17.
	BC



[bookmark: _Toc118285221]RAN1 agreed that DMRS bundling was to be per band and per band combination, but the details of how to implement the per band and per band combination need to be decided.
[bookmark: _Toc118285223]For UE features 30-4a/b/c/d, define 1) a baseline capability parameter for support of DMRS bundling per band when the UE is configured with a single UL serving cell and 2) a per band combination capability parameter for when UE is configured with more than one UL serving cell and where the capability per band of the band combination is given by the baseline capability.

[bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The existing notes in the field definitions for pusch-WindowRestart and pucch-WindowRestart are not decisive and refer to non-defined events.
Observation 2	RAN1 agreed that DMRS bundling was to be per band and per band combination, but the details of how to implement the per band and per band combination need to be decided.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt the changed text as proposed by RAN1 and described in chapter ANNEX A – TP for 38.331.
Proposal 2	Define 1) a baseline capability parameter for support of DMRS bundling per band when the UE is configured with a single UL serving cell and 2) a per band combination capability parameter for when UE is configured with more than one UL serving cell and where the capability per band of the band combination is given by the baseline capability.
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[bookmark: _Ref118180014][bookmark: _Ref118208258]ANNEX A – TP for 38.331
Changes proposed to 38.331 [2].
<TEXT OMITTED>
[bookmark: _Toc115429024]–	DMRS-BundlingPUSCH-Config
The IE DMRS-BundlingPUSCH-Config-r17 is used to configure DMRS bundling for PUSCH.
DMRS-BundlingPUSCH-Config information element
-- ASN1START
-- TAG-DMRS-BUNDLINGPUSCH-CONFIG-START

DMRS-BundlingPUSCH-Config-r17 ::=          SEQUENCE {
    pusch-DMRS-Bundling-r17                    ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    pusch-TimeDomainWindowLength-r17           INTEGER (2..32)                                                 OPTIONAL,   -- Need S
    pusch-WindowRestart-r17                    ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    pusch-FrequencyHoppingInterval-r17         ENUMERATED {s2, s4, s5, s6, s8, s10, s12, s14, s16, s20}        OPTIONAL,   -- Need S
    ...
}

-- TAG-DMRS-BUNDLINGPUSCH-CONFIG-STOP
-- ASN1STOP

	DMRS-BundlingPUSCH-Config field descriptions

	pusch-DMRS-Bundling
Indicates whether DMRS bundling and time domain window for PUSCH are jointly enabled.

	pusch-FrequencyHoppingInterval
Configures the number of consecutive slots for the UE to perform inter-slot frequency hopping with inter-slot bundling for PUSCH. When both inter-frequency hopping and DMRS bundling are enabled for PUSCH repetitions, the UE is expected to be configured with at least one pusch-FrequencyHoppingInterval-r17 and pusch-TimeDomainWindowLength-r17. This parameter is shared for both DG-PUSCH and CG-PUSCH. When DMRS bundling for PUSCH is enabled by pusch-DMRS-Bundling-r17, PUSCH frequency hopping interval is only determined by the configuration of PUSCH hopping interval if PUSCH hopping interval is configured. If the field is absent, the number of consecutive slots for the UE to perform inter-slot PUSCH frequency hopping is indicated by pusch-TimeDomainWindowLength-r17.
Note: For unpaired spectrum, the UE is not expected to be configured the value of s6, s8, s12, s14 and s16.

	pusch-TimeDomainWindowLength
Configures the length of a nominal time domain window in number of consecutive slots for DMRS bundling for PUSCH. The value shall not exceed the maximum duration for DMRS bundling for PUSCH as specified in TS 38.306 [26]. For PUSCH repetition type A/B, if this field is absent, the UE shall apply the default value that is the minimum value in the unit of consecutive slots of the time duration for the transmission of all PUSCH repetitions and the maximum duration for DMRS bundling for PUSCH as specified in TS 38.306 [26]. For TBoMS, if this field is absent, the UE shall apply the default value that is the minimum value in the unit of consecutive slots of the duration of TBoMS transmission (including repetition of TBoMS) and the maximum duration for DMRS bundling for PUSCH as specified in TS 38.306 [26].

	pusch-WindowRestart
Indicates whether UE bundles PUSCH DMRS remaining in a nominal time domain window after event(s) triggered by DCI or MAC CE that violate power consistency and phase continuity requirements is enabled (see TS 38.214 [19], clause 6.1.7).
NOTE:	Events, which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded but do not require UE to resume maintaining power consistency and/or phase continuity as specified in subclause 6.1.7 of 38.214 v17.3.0 are excluded from this feature.



<TEXT OMITTED>
[bookmark: _Toc115429023]–	DMRS-BundlingPUCCH-Config
The IE DMRS-BundlingPUCCH-Config-r17 is used to configure DMRS bundling for PUCCH.
DMRS-BundlingPUCCH-Config information element
-- ASN1START
-- TAG-DMRS-BUNDLINGPUCCH-CONFIG-START

DMRS-BundlingPUCCH-Config-r17 ::=         SEQUENCE {
    pucch-DMRS-Bundling-r17                   ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    pucch-TimeDomainWindowLength-r17          INTEGER (2..8)                                                  OPTIONAL,   -- Need S
    pucch-WindowRestart-r17                   ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    pucch-FrequencyHoppingInterval-r17        ENUMERATED {s2, s4, s5, s10}                                    OPTIONAL,   -- Need S
    ...
}

-- TAG-DMRS-BUNDLINGPUCCH-CONFIG-STOP
-- ASN1STOP


	DMRS-BundlingPUCCH-Config field descriptions

	pucch-DMRS-Bundling
Indicates whether DMRS bundling and time domain window for PUCCH are jointly enabled.

	pucch-FrequencyHoppingInterval
Configures the number of consecutive slots for the UE to perform inter-slot frequency hopping with inter-slot bundling for PUCCH. When both inter-frequency hopping and DMRS bundling are enabled for PUCCH repetitions, the UE is expected to be configured with at least one pucch-FrequencyHoppingInterval-r17 and pucch-TimeDomainWindowLength-r17. When DMRS bundling for PUCCH is enabled by pucch-DMRS-Bundling-r17, PUCCH frequency hopping interval is only determined by the configuration of PUCCH hopping interval if PUCCH hopping interval is configured. If the field is absent, the number of consecutive slots for the UE to perform inter-slot PUCCH frequency hopping is indicated by pucch-TimeDomainWindowLength-r17.

	pucch-TimeDomainWindowLength
Configures the length of a nominal time domain window in slots for DMRS bundling for PUCCH. The value shall not exceed the maximum duration for DMRS bundling for PUCCH as specified in TS 38.306 [26]. If this field is absent, the UE shall apply the default value that is the minimum value in the unit of consecutive slots of the time duration for the transmission of all PUCCH repetitions and the maximum duration for DMRS bundling for PUCCH as specified in TS 38.306 [26].

	pucch-WindowRestart
Indicates whether UE bundles PUCCH DMRS remaining in a nominal time domain window after event(s) triggered by DCI or MAC CE that violate power consistency and phase continuity requirements is enabled (see TS 38.214 [19], clause 6.1.7).
NOTE:	Events, which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded but do not require UE to resume maintaining power consistency and/or phase continuity as specified in subclause 6.1.7 of 38.214 v17.3.0 are excluded from this feature.




