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In this contribution, our views on remaining issues of UE capabilities of NR coverage enhancement are provided.
[bookmark: OLE_LINK203][bookmark: OLE_LINK177]Discussion on NR coverage enhancement UE capabilities
2.1 Issues for FG 30-4/4a/4b/4c/4d/4e/4f/4g/4h
The part of reply LS from RAN4 on DMRS bundling is as follows.
	1) Modulation order support 
On FG 30-4, RAN4 confirms that the maximum modulation order supported in Rel-17 requirements is QPSK and proposes to add the following note to RAN1 UE feature to ensure clarity of what is supported in Rel-17 specs.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	30. NR_cov_enh
	30-4
	The maximum duration for DM-RS bundling
	The maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH/PUCCH
	FFS
	Yes
	N/A
	UE does not support DM-RS bundling for PUSCH/PUCCH
	Per band
	N/A
	N/A
	N/A
	NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.
	Optional with capability signalling



2) CA/DC/SUL support 
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.




Based on the point#1 of the reply LS, we support add the following note to FG 30-4:
· NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.
Proposal 1: The following note should be added to FG 30-4: 
· NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.

For the point#2 of the reply LS, it has been agreed to define requirements for FR1+FR2 UL CA, FR1+FR2 DC, EN-DC with NR on FR2, and FR1 inter-band DL CA with a “single” uplink band configured for Rel-17 DMRS bundling. Since the power is not shared between multiple bands and no carrier switching occurs in the above scenarios, these agreements do not bring additional impacts on RAN1. 
However, for FR1 inter-band UL CA, supporting DMRS bundling will lead to RAN1 specification impacts due to transmit power sharing, e.g., introduction of additional events which cause power consistency and phase continuity not to be maintained. Besides, DMRS bundling is designed to achieve better coverage. For a coverage-limited UE with DMRS bundling enabled, the transmit power is very limited, and no extra power can be shared to the transmission(s) on other carrier(s). Thus, configuring UL-CA to a coverage-limited UE is not a practical use case. It is meaningless to support DMRS bundling in UL CA. Considering that there was no consensus on DMRS bundling in inter-band UL CA in previous RAN1 discussion, it is not expected to introduce RAN1 specification impacts due to any non-essential issue in the current maintenance phase.
[bookmark: _GoBack]For DL CA with “additional” UL carrier configured with SRS only and SUL, concurrent transmissions on multiple carriers or power sharing does not occur. For Rel-15 SUL, there is no UE Tx sharing between SUL and NUL. Therefore, neither phase nor power consistency on SUL/NUL is impacted by any transmission on the other UL carrier. No additional spec impact is needed for Rel-15 SUL. However, for Rel-16 UL Tx switching with SUL, there is UE Tx sharing between SUL and NUL, the phase continuity on one carrier may be violated by a Tx switching to the other carrier. Please note that such potential break of phase continuity cannot be caused by a Tx switching for PUSCH/PUCCH transmission on the other carrier because the PUSCH/PUCCH operations on NUL and SUL band are within the same serving cell where out-of-order PUSCH/PUCCH scheduling is not allowed since Rel-15, i.e. a PUSCH/PUCCH transmission with/without repetition on one carrier cannot be scheduled to be overlapped in time with the other PUSCH/PUCCH with repetition on the other carrier within the same serving cell. As a result, the only potential break of phase contiguity could be caused by SRS transmission on the other carrier. Our preference is no additional spec impact at this stage, but if DMRS bundling is supported for UL Tx switching with SUL, to minimize RAN1 specification impacts, it is better to address the issue by introducing scheduling restrictions only for SRS transmission rather than introducing any new events. For SRS carrier switching, it is similar to Rel-16 UL Tx switching with SUL that only SRS transmission could break the phase contiguity of DMRS bundling. Therefore, If DMRS bundling is supported for SRS carrier switching, to minimize RAN1 specification impacts, it is also better to address the issue by introducing scheduling restrictions only for SRS transmission rather than introducing new events.
Regarding whether both SUL and NUL can be configured with DMRS bundling, because of the restriction of out-of-order PUSCH/PUCCH scheduling within one serving cell mentioned above, even both SUL and NUL are configured with DMRS bundling for PUSCH/PUCCH, it does not cause additional issue and requires no additional spec impact. Therefore, it is unnecessary to introduce configuration restrictions that prevent DMRS bundling configured on both SUL and NUL. 
Proposal 2: It is not expected to introduce additional RAN1 specification impact for applying DMRS bundle to DL CA with “additional” UL carrier configured with SRS only, FR1 inter-band UL CA, or SUL,
· DMRS bundling for FR1 inter-band UL CA should not be supported.
· DMRS bundling for Rel-15 SUL (without UL Tx switching) has been supported.
· If DMRS bundling for DL CA with “additional” UL carrier configured with SRS only or DMRS bundling for UL Tx switching with SUL is supported, within a DMRS bundling duration on one carrier, it is not expected that any SRS transmission occurs on other carriers.
· For SUL, the additional restriction that only one band can be configured with DMRS bundling at a time is unnecessary.

For a given tolerance, the CFOs of different operating frequency are different, which may cause the “compensation leftover for frequency error” be different. And UE’s implementation and RF characteristics on different band to maintain the phase continuity could be different. So it is reasonable to define that the UE features of DMRS bundling is set to per band. In addition, as previously described, for the scenarios mentioned in the reply LS from RAN4 except inter-band UL CA, operations of different bands are independent or concurrency is avoided by scheduling restrictions. Thus, per-band per band combination is not necessary.
Proposal 3: The type of the granularities for FG 30-4a/4b/4c/4d/4e/4f/4g/4h are per band.

For FG 30-4a/4b/4c/4d/4e/4f/4g/4h, FR1/FR2 differentiation and TDD/FDD differentiation are not necessary. And the need for FR1/FR2 differentiation and TDD/FDD differentiation should be N/A.
Proposal 4: For FG 30-4a/4b/4c/4d/4e/4f/4g/4h, 
· No for the need for FR1/FR2 differentiation and TDD/FDD differentiation.
· N/A for the capability interpretation for mixture of FDD/TDD and/or FR1/FR2.

According the conclusion in RAN1#109-e, there is no consensus on the UE behavior for common TPC commands and it cannot be clarified further procedurally.
	Conclusion
· No consensus on confirming the following working assumption in R17.
Working Assumption (Made in RAN1 #107-e)
· The action of group common TPC commands with format 2_2 does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands,
· If UE receives TPC commands that would take into effect during a configured TDW, UE accumulates TPC commands without taking effect during the current configured TDW. TPC commands take effect after the current configured TDW.
· If UE is not configured to accumulate TPC commands
· the last TPC command that would take effect within a configured TDW supersedes all previous TPC commands that take effect within that configured TDW and only the last TPC command is applied by the UE after the current configured TDW. 
· FFS: no more than 1 TPC command is expected to take effect during a configured TDW.


The main reason why the Working Assumption above was not confirmed is that the understanding of the legacy behaviors of common TPC commands with DCI format 2_2 are different between companies. In this case, considering that power consistency and phase continuity required by DMRS bundling, the UE behavior of common TPC commands when the DMRS bundling is configured is different from the legacy behavior, which means that different UE implementation of DCI format 2_2 may be required. Therefore, on the basis of the optional UE capabilities of the two features of DMRS bundling and DCI format 2_2, a new UE capability should be introduced to indicate whether to support DCI format 2_2 when DMRS bundling is enabled.
	tpc-PUSCH-RNTI                              ENUMERATED {supported}                      OPTIONAL,
tpc-PUCCH-RNTI                              ENUMERATED {supported}                      OPTIONAL,

maxDurationDMRS-Bundling-r17              SEQUENCE {
    fdd-r17                                 ENUMERATED {n4, n8, n16, n32}            OPTIONAL,
    tdd-r17                                 ENUMERATED {n2, n4, n8, n16}             OPTIONAL
}                                                                                    OPTIONAL,



Proposal 5: A UE capability should be introduced to indicate whether to support tpc-PUSCH-RNTI and tpc-PUCCH-RNTI when DMRS bundling is enabled as FG 30-4i and 30-4j in Appendix.

2.2 Issues for prerequisite feature groups
We summary the prerequisite feature groups for FGs of coverage enhancement as following table.
Table 1 Prerequisites
	Index
	Feature group
	Prerequisite feature groups

	30-2
	PUSCH Type A repetitions based on available slots
	One of {5-14, 5-16, 5-17, [11-6, 30-1]}

	30-3
	TB processing over multi-slot PUSCH
	[11-6]None

	30-3a
	Repetition of TB processing over multi-slot PUSCH
	TBD30-3

	30-4
	The maximum duration for DM-RS bundling
	FFS

	30-4a
	DM-RS bundling for PUSCH repetition type A
	[30-4], [30-1] or [30-2] one of {5-14, 5-16, 5-17, 11-6, 30-1}

	30-4b
	DM-RS bundling for PUSCH repetition type B
	[30-4], [11-5] [30-1] 

	30-4c
	DM-RS bundling for TB processing over multi-slot PUSCH
	[30-4], [30-3] or 30-3a

	30-4d
	DMRS bundling for PUCCH repetitions
	[30-4], [4-23] or 25-2

	30-4e
	Enhanced Inter-slot frequency hopping with inter-slot bundling for PUSCH
	[30-4a] or [30-4b] or [30-4c]

	30-4f
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[30-4d]

	30-4g
	Restart DM-RS bundling after the events that violate power consistency and phase continuity
	[30-4]

	30-4h
	DM-RS bundling for non-back-to-back transmission
	[30-4a, or 30-4b, or 30-4c or 
30-4d]

	30-5
	Slot based dynamic PUCCH repetition indication
	[4-23 and/or 25-2]



Proposal 6: Adopt the changes to prerequisites for FGs of coverage enhancement as shown in the last column of Table 1.
Proposal 7: In summary, adopt the changes of the table in Appendix. 

Conclusions 
In this contribution, we discussed the various aspects for the NR coverage enhancement UE capabilities for Rel-17. The proposals are listed in the following:
Proposal 1: The following note should be added to FG 30-4: 
· NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.
Proposal 2: It is not expected to introduce additional RAN1 specification impact for applying DMRS bundle to DL CA with “additional” UL carrier configured with SRS only, FR1 inter-band UL CA, or SUL,
· DMRS bundling for FR1 inter-band UL CA should not be supported.
· DMRS bundling for Rel-15 SUL (without UL Tx switching) has been supported.
· If DMRS bundling for DL CA with “additional” UL carrier configured with SRS only or DMRS bundling for UL Tx switching with SUL is supported, within a DMRS bundling duration on one carrier, it is not expected that any SRS transmission occurs on other carriers.
· For SUL, the additional restriction that only one band can be configured with DMRS bundling at a time is unnecessary.
Proposal 3: The type of the granularities for FG 30-4a/4b/4c/4d/4e/4f/4g/4h are per band.
Proposal 4: For FG 30-4a/4b/4c/4d/4e/4f/4g/4h, 
· No for the need for FR1/FR2 differentiation and TDD/FDD differentiation.
· N/A for the capability interpretation for mixture of FDD/TDD and/or FR1/FR2.
Proposal 5: A UE capability should be introduced to indicate whether to support tpc-PUSCH-RNTI and tpc-PUCCH-RNTI when DMRS bundling is enabled as FG 30-4i and 30-4j in Appendix.
Proposal 6: Adopt the changes to prerequisites for FGs of coverage enhancement as shown in the last column of Table 1.
Proposal 7: In summary, adopt the changes of the table in Appendix. 
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Appendix


	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	 30. NR_cov_enh
	30-1
	Increased maximum number of PUSCH Type A repetitions
	Maximum value of K (the number of repetitions) = 32
For DG PUSCH, the number of repetitions is indicated in a TDRA list. A row index of the TDRA list is indicated by a DCI.
For Type 1 CG PUSCH, the number of repetitions is indicated by repK-r17
For Type 2 CG PUSCH, the number of repetitions is indicated in a TDRA list or by repK-r17.
	5-14, 5-16, or 5-17
	Yes
	N/A
	UE does not support more than 16 repetitions PUSCH.
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-2
	PUSCH Type A repetitions based on available slots
	Transmission occasions for [K] repetitions for dynamic and configured grant PUSCH are determined on the basis of available slots.
	One of {5-14, 5-16, 5-17, [11-6, 30-1]}
	Yes
	N/A
	UE does not support dynamic or configured grant PUSCH repetitions counted on the basis of available slots.
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH for DG and CG in RRC connected mode.

	[11-6]
	Yes
	N/A
	UE does not support TB processing over multi-slot PUSCH.
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support repetition of TB processing over multi-slot PUSCH in RRC connected mode.

	TBD30-3
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4
	The maximum duration for DM-RS bundling
	The maximum duration during which UE is able to maintain power consisitency and phase continuity to support DM-RS bundling for PUSCH/PUCCH

	FFS
	Yes
	N/A
	UE does not support DM-RS bundling for PUSCH/PUCCH
	Per band
	N/A
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {4, 8, 16, 32}
Candidate values for the maximum duration for TDD are {2, 4, 8, 16}
NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.
	Optional with capability signalling

	 30. NR_cov_enh
	30-4a
	DM-RS bundling for PUSCH repetition type A
	Support DM-RS bundling for PUSCH repetition type A

	[30-4], [30-1] or [30-2] one of {5-14, 5-16, 5-17, 11-6, 30-1}
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type A
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-4b
	DM-RS bundling for PUSCH repetition type B
	Support DM-RS bundling for PUSCH repetition type B

	[30-4], [11-5] [30-1]
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type B
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-4c
	DM-RS bundling for TB processing over multi-slot PUSCH
	Support DM-RS bundling for TB processing over multi-slot PUSCH

	[30-4], [30-3] or 30-3a
	Yes
	N/A
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	Note: If a UE reports support of FG 30-3a and 30-4c, the UE supports DMRS bundling for the repetitions of TBoMS
	Optional with capability signalling

	30. NR_cov_enh
	30-4d
	DMRS bunding for PUCCH repetitions
	Support DM-RS bundling for PUCCH repetitions for PUCCH formats 1/3/4

	[30-4], [4-23] or 25-2
	Yes
	N/A
	UE does not support DMRS bunding for PUCCH repetitions
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4e
	Enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	Support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH

	[30-4a] or [30-4b] or [30-4c]
	Yes
	N/A
	UE does not support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4f
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling

	[30-4d]
	Yes
	N/A
	UE does not support Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4g
	[Restart DM-RS bundling after the dynamic events that violate power consistency and phase continuity]
	[Support restarting DM-RS bundling after the dynamic events that violate power consistency and phase continuity]
	[30-4]
	Yes
	N/A
	[UE does not support restarting DM-RS bundling after the dynamic events that violate power consistency and phase continuity]
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4h
	DM-RS bundling for non-back-to-back transmission
	Support DM-RS bundling for [non-back-to-back transmission for consecutive slots] for PUSCH and PUCCH only for [corresponding supported back-to-back transmission FGs (30-4a, 30-4b, 30-4c, or 30-4d)]
	[30-4a, or 30-4b, or 30-4c or 
30-4d]
	Yes
	N/A
	UE does not Support DM-RS bundling for non-back-to-back transmission
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4i
	tpc-PUSCH-RNTI when DMRS bundling is enabled
	Support tpc-PUSCH-RNTI when DMRS bundling for PUSCH is enabled
	30-4, 8-4
	Yes
	N/A
	UE does not Support tpc-PUSCH-RNTI when DMRS bundling is enabled
	Per band
	No
	No
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4j
	tpc-PUCCH-RNTI when DMRS bundling is enabled
	Support tpc-PUCCH-RNTI when DMRS bundling for PUCCH is enabled
	30-4, 8-5
	Yes
	N/A
	UE does not Support tpc-PUCCH-RNTI when DMRS bundling is enabled
	Per band
	No
	No
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-5
	Slot based dynamic PUCCH repetition indication
	Support slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4

	[4-23 and/or 25-2]
	Yes
	N/A
	UE does not support Dynamic PUCCH repetition indication
	Per UE
	No
	No
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-6
	Repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI
	[Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI] 
	
	Yes
	N/A
	UE does not support repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI.
	Per band
	[No]
	[No]
	[N/A ]
	
	Optional with capability signalling




