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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution provides RAN1 related issues with RAN4 LS on DMRS bundling [1].
Discussion
Modulation order support
According to the maximum modulation order supported in Rel-17 requirements is QPSK, it means DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders. We agree with the suggestions from RAN4 that it should add the note to RAN1 UE feature 30-4 to ensure clarity of what is supported in Rel-17 specs. 
Besides the clarified note in FG 30-4, it needs to be clarified that the modulation orders restriction in the specification, to make sure the clear and correct understanding of DMRS bundling. We think the Understanding 1 should be the right one between the following two understands. 
· Understanding 1: when PUSCH-DMRS-Bundling is enabled, if UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders are used, UE procedure for determining time domain windows for bundling DM-RS is applied; if other modulation orders are applicable, DM-RS bundling would not be applied.
· Understanding 2: when PUSCH-DMRS-Bundling is enabled, all the UL transmission should be only with pi/2 BPSK, BPSK, and QPSK modulation orders. UE does not expect to be configured or scheduled with other modulation orders.
Therefore, we propose to also reflect Understanding 1 in the specification, the proposed texts is shown below.
Proposal 1. It is proposed to adopt the TP#1 for the modulation order restrictions in DMRS bundling.
	[bookmark: _Toc106695680]TP#1
6.1.7	UE procedure for determining time domain windows for bundling DM-RS
For PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, PUSCH repetition Type A with a configured grant, PUSCH repetition Type B and TB processing over multiple slots if UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders are used, when PUSCH-DMRS-Bundling is enabled, and for PUCCH transmissions of PUCCH repetition, when PUCCH-DMRS-Bundling is enabled, the UE determines one or multiple nominal TDWs, as follows:
<omitted text>


CA/DC/SUL support
Actually, it is surprised to see such additional CA/DC/SUL supports at this late stage. Since there has been no related discussion in the whole WI stage in RAN1 meetings. There is a common understanding that CA case is not a typical deployment for UL coverage limitation scenarios.  However, due to the ready agreed supportive of CA/DC cases, we respected the RAN4 decisions and hope to with careful check with the potential changes in RAN1 specification. The following is the related contents in the LS.
	RAN4 would like to inform RAN1 and RAN2 that it has agreed to define requirements for the following additional radio configurations for Rel-17 DMRS bundling:
FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
· FR1 inter-band DL CA with a “single” uplink band configured, meaning no switching to transmit SRS on another carrier.
RAN4 discussed whether applying DMRS bundle to FR1 inter-band UL CA would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the following conditions:
· For carrier switching back and forth between UL carrier and SRS carrier, if the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
Considering FR1 inter-band UL CA with DMRS bundling with following conditions:
· UE shall only have ongoing transmissions on a single uplink carrier at the same time.If overlapping transmissions of PUSCH, PUCCH, and/or SRS are erroneously scheduled/configured by the gNB on more than one carrier, then the phase continuity of DMRS bundling will be broken.
· Only configuration of a single TAG is supported.
· If there is any carrier switching back and forth between two carriers and the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
· Can only one band can be configured with DMRS bundling at a time?



RAN4 also discussed whether applying DMRS bundle to SUL would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering SUL with DMRS bundling with following conditions:
· Can only one band can be configured with DMRS bundling at a time?
· If there is any carrier switching back and forth between SUL and NUL carriers and the switching happens within the bundling duration, then the phase continuity is not maintained by the UE.



Unfortunately, RAN4 has still not concluded on whether the UE capability signalling to support each of these configurations should be defined per-band, or per-band per band combination. Previous RAN4 agreements on UE capability are not overturned.



DL CA with “additional” UL carrier
For DL CA with “additional” UL carrier configured with SRS only, we agree with the assessment that the carrier switching back and forth between UL carrier and SRS carrier, the phase continuity is not maintained by the UE. So it should also be treated as an event and added in the specification. The event can be descripted as:
· The gap between any two consecutive PUSCH transmission of PUSCH repetition type A, or PUSCH repetition type B, or TB processing over multiple slots, and when there is a SRS carrier switching according to Clause 6.2.1.3
· The gap between any two consecutive PUCCH transmission of PUCCH repetition, and when there is a SRS carrier switching according to Clause 6.2.1.3

FR1 inter-band UL CA
For ongoing transmissions on a single uplink carrier at the same time, we agree with the conclusion that if overlapping transmissions of PUSCH, PUCCH, and/or SRS are erroneously scheduled/configured by the gNB on more than one carrier, then the phase continuity of DMRS bundling will be broken. Those simultaneously transmissions should be treated as an event. The event can be descripted as:
· For any PUSCH transmission of PUSCH repetition type A, or PUSCH repetition type B, or TB processing over multiple slots, and when an overlapping transmission of PUSCH, PUCCH and or SRS on another at least one carrier
· For any PUCCH transmission of PUCCH repetition, and when an overlapping transmission of PUSCH and or SRS on another at least one carrier
Regarding to carrier switching back and forth between two carriers, we support phase continuity is not maintained by the UE. Those UL Tx switching should be treated as an event. The event can be descripted as:
· The gap between any two consecutive PUSCH transmission of PUSCH repetition type A, or PUSCH repetition type B, or TB processing over multiple slots, and when there is an uplink switching according to Clause 6.1.6
· The gap between any two consecutive PUCCH transmission of PUCCH repetition, and when there is a an uplink switching according to Clause 6.1.6

According to one band or more bands can be configured with DMRS bundling at a time, we prefer at most one band. Because DMRS bundling requires much more strict conditions, it is very hard to satisfy all those requirements for two or more band at the same time. Second, there is high implementation complexity with DMRS bundling operation. To simplify the DMRS bundling procedure, reduce some more interactions among inter-bands. Therefore, one band can be configured with DMRS bundling is a preferred solution for Rel-17.
So the text proposal for CA/DC/SUL support is shown below, including events related with DL CA with “additional” UL carrier and FR1 inter-band UL CA.
Proposal 2. [bookmark: _GoBack]One band can be configured with DMRS bundling in Rel-17.
Proposal 3. It is proposed to adopt the TP#2 for DMRS bundling if CA/DC/SUL supportive is agreed in RAN1.
	TP#2
6.1.7	UE procedure for determining time domain windows for bundling DM-RS
<omitted text>
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
-	A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.
-	The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, exceeds 13 symbols for normal cyclic prefix or exceeds 11 symbols for extended cyclic prefix.
-	The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, does not exceed 13 symbols but other uplink transmissions are scheduled between the two consecutive PUSCH transmissions or the two consecutive PUCCH transmissions.
-	For PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B or TB processing over multiple slots, a dropping or cancellation of a PUSCH transmission according to clause 9, clause 11.1 and clause 11.2A of [6, TS 38.213].
-	For PUCCH transmissions of PUCCH repetition, a dropping or cancellation of a PUCCH transmission according to clause 9, clause 9.2.6 and clause 11.1 of [6, TS 38.213].
-	For any two consecutive PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, and when two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' or 'noncodebook', a different SRS resource set association is used for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, according to Clause 6.1.2.1.
[bookmark: OLE_LINK5]-	For any two consecutive PUCCH transmissions of PUCCH repetition, and when a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial relations or first and second sets of power control parameters, as described in [10, TS 38.321] and in clause 7.2.1 of [6, TS 38.213], different spatial relations or different power control parameters are used for the two PUCCH transmissions of PUCCH repetition, according to Clause 9.2.6 of [6, TS 38.213]. 
-	Uplink timing adjustment in response to a timing advance command according to clause 4.2 of [6, TS 38.213].
-	Frequency hopping.
-	For reduced capability half-duplex UEs, 
-	a dropping or cancellation of a PUSCH transmission according to clause 17.2 of [6, TS 38.213] or
-	an overlapping of the gap between two consecutive PUSCH transmissions and any symbol of downlink reception or downlink monitoring
-	The gap between any two consecutive PUSCH transmission of PUSCH repetition type A, or PUSCH repetition type B, or TB processing over multiple slots, and when there is a SRS carrier switching according to Clause 6.2.1.3
-	The gap between any two consecutive PUCCH transmission of PUCCH repetition, and when there is a SRS carrier switching according to Clause 6.2.1.3
-	For any PUSCH transmission of PUSCH repetition type A, or PUSCH repetition type B, or TB processing over multiple slots, and when an overlapping transmission of PUSCH, PUCCH and or SRS on another at least one carrier
-	For any PUCCH transmission of PUCCH repetition, and when an overlapping transmission of PUSCH and or SRS on another at least one carrier
-	The gap between any two consecutive PUSCH transmission of PUSCH repetition type A, or PUSCH repetition type B, or TB processing over multiple slots, and when there is an uplink switching according to Clause 6.1.6
-	The gap between any two consecutive PUCCH transmission of PUCCH repetition, and when there is a an uplink switching according to Clause 6.1.6
<omitted text>



[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. It is proposed to adopt the TP#1 for the modulation order in DMRS bundling.
Proposal 2. One band can be configured with DMRS bundling in Rel-17.
Proposal 3. It is proposed to adopt the TP#2 for DMRS bundling if CA/DC/SUL supportive is agreed in RAN1.
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