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1	Introduction 
In this contribution we would like to review the progress with the Rel-17 work item on coverage enhancement and to highlight the remaining open issues, which are still discussed under the Rel-17 TEI agenda in both RAN1 and RAN2 working groups.

Recalling the scope of the Rel-17 work item on coverage enhancement [1], the objectives are as follows:

	The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. 
The detailed objectives of the work item are as follows:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1, RAN2]



During the RAN #95 meeting the core part of the work item was declared 100% complete by the Rapporteur [2].  However, in the following RAN4 meeting #103 a number of new issues related to the applicability of the newly defined requirements on DMRS bundling to existing NR features, such as UL MIMO, carrier aggregation, dual connectivity, and supplemental uplink.  This discussion resulted in a number of RAN4 agreements as well as disagreements, which prompted the creation of the following liaison to RAN1 [3]:

	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.

3) UE UL Tx power adaptation 
RAN4 acknowledged that the modification of Tx power may mean that phase continuity and power consistency is not able to be maintained by the UE, as seen in an earlier LS to RAN1 in R4-2103393. In RAN4 #103e meeting, RAN4 has also discussed whether text relating to UL Tx transmission power during transmission of a DMRS bundle in TS 38.101 needs further clarification. It has been raised during RAN4 discussions that in TS 38.214 v17.1.0 section 6.1.7 it states that “The UE shall maintain power consistency and phase continuity within an actual TDW…”.
RAN4 would therefore appreciate feedback from RAN1 on whether the text in TS 38.214 section 6.1.7 prevents the UE from modifying its Tx power when necessary, i.e. prevents the UE from following TS 38.213 clause 7.1.1 and 7.2.1, or prevents the UE from adapting P-MPR, during transmission of a DMRS bundle. We ask this because further alignment of understanding between RAN1 and RAN4 may be needed.

4) Non-support for FR2-2
RAN4 has also agreed not to extend the DMRS bundling requirements to FR2-2 in Rel-17.



For the LTE/FR1+FR2 cases, RAN4 agreed a CR in RAN4 #103 [4], with the following content:

	DMRS bundling requirements, as specified in clause 6.4.2.5 in TS 38.101-1 [2] and clause 6.4.2.6 in TS 38.101-2 [3], apply when one uplink band and CC is configured for DMRS bundling at a time. If UE needs to apply P-MPR as described in 6.2.4 of TS 38.101-1 or TS 38.101-2 during a granted DMRS bundle on any uplink CC, phase continuity is not expected to be maintained in the bundle.



For the DL CA cases, RAN4 agreed a CR in RAN4 #104 [5], with the following content:

	For inter-band downlink carrier aggregation with a single uplink carrier assigned to one NR band, DMRS bundling requirements in subclause 6.4.2.5 apply to the uplink carrier when the UE indicates support of [maxDurationDMRS-Bundling-r17] for the NR band and is configured for DMRS bundling in the uplink carrier.



In the meanwhile, RAN1 discussed the open issues shared by RAN4 and approved the following liaison in response [6]:

	RAN1 would like to thank RAN4 LS in R1-2205715(R4-2211225) to provide the latest status and the questions on NR Coverage Enhancement. RAN1 had the discussion and would like provide information below for consideration:
For support of DMRS bundling in CA/DC/SUL cases listed in RAN4 LS as extracted below:
-	DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured)
-	FR1 inter-band UL CA with DMRS bundling
-	SUL with DMRS bundling
RAN1 has been evaluating the feasibility and conditions supposing there is no RAN1 spec impact. RAN1 will inform RAN4 the updates in the next RAN1 meeting. 
For the question about UE UL Tx power adaption asked in RAN4 LS, RAN1 had the discussion and made the following conclusion: 
RAN1 spec requires power consistency and phase continuity to be maintained during an actual TDW, as defined in Clause 6.1.7 in 38.214. RAN1 has not taken into account any power change due to P-MPR for satisfying the regulatory requirements. It is up to RAN4 to define any needed requirements for power consistency and phase continuity while also taking P-MPR into account.



This contribution provides our views on the remaining open issues in the coverage enhancement work item and suggests possible resolutions.  Considering that these issues span both RAN1 and RAN2, some RAN plenary guidance may be needed as an outcome of the related discussion and decision.
2	Discussion 
Referring to the RAN4 LS on open issues in the TEI phase of this work item [3], the key open issues related to UE requirements still remaining in the TEI phase of this work item can be summarized as:

[bookmark: _Toc112969903][bookmark: _Toc112969953]Issue 1:	Whether and how DMRS bundling requirements can be applicable to DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured).
[bookmark: _Toc112969904][bookmark: _Toc112969954]Issue 2:	Whether and how DMRS bundling requirements can be applicable to FR1 inter-band UL CA.
[bookmark: _Toc112969905][bookmark: _Toc112969955]Issue 3:	Whether and how DMRS bundling requirements can be applicable to SUL.
[bookmark: _Toc112969906][bookmark: _Toc112969956]Issue 4:	Whether any further clarification is needed to address the UE UL Tx power adapatation issue.

With the RAN1 response in [6], we observe that Issues 1, 2, and 3 require further RAN1 discussion, with a response anticipated next WG meeting.  It also notable that the RAN1 LS provides the supposition that these issues could be resolved with no RAN1 specification impact.  Having checked the RAN1 feature lead summary for this topic, we observe that many companies have commented that these scenarios could represent new events in the physical layer specification; thus, a RAN1 specification non-impacting resolution could introduce relevant constraints and clarifications outside of the RAN1 specification (e.g. additional clarifications into the feature list descriptions and/or additional side conditions in the UE requirements specifications).

[bookmark: _Toc112969907][bookmark: _Toc112969957]Observation 1:	Considering the RAN1 discussion from RAN1 #110 on how Issues 1, 2, and 3 can be resolved, a RAN1 specification non-impacting resolution could introduce relevant constraints and clarifications outside of the RAN1 specification (e.g. additional clarifications into the feature list descriptions and/or additional side conditions in the UE requirements specifications).

From the perspective of implementing this feature in a product, the distinction might be slight, since such constraints impact implementation nonetheless.  Considering that RAN1 is still discussing these issues 6 months after the formal closure of the work item (and 3 months after the Rel-17 ASN.1 was released), these maintenance discussions introduce significant risks to product development processes.  In consideration of this, we would like to propose a potential option for RAN Plenary to provide guidance to RAN1 and RAN4 on how to conclude the Rel-17 coverage enhancement TEI discussion.  One approach could be to urge both RAN1 and RAN4 to classify the potential resolutions to Issues 1, 2, and 3 as “specification neutral” and “specification impacting,” such that the “specification neutral” solutions are implemented in Rel-17, while the “specification impacting” solutions could be considered as potential enhancements of the scope of the already ongoing Rel-18 work item on coverage enhancement [7].

[bookmark: _Toc112969908][bookmark: _Toc112969958]Proposal 1:	RAN plenary to urge RAN1 and RAN4 to classify the potential resolutions to Issues 1, 2, and 3 as “specification neutral” and “specification impacting,” such that the “specification neutral” solutions are implemented in Rel-17, while the “specification impacting” solutions could be discussed in the next RAN meeting as additional scope proposals to the Rel-18 WID on coverage enhancement.

The RAN1 liaison response to Issue 4 is quite clear in that it confirms that P-MPR considerations have not been taken into account in Clause 6.1.7 in 38.214 and leaves this aspect for RAN4.  This should enable RAN4 to conclude the discussion, and we do not anticipate any need for RAN plenary intervention on this aspect.

3	Conclusions
This contribution provides our views on the remaining open issues in the maintenance of the Rel-17 coverage enhancement work item and makes the following observation and proposals:

Issue 1:	Whether and how DMRS bundling requirements can be applicable to DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured).
Issue 2:	Whether and how DMRS bundling requirements can be applicable to FR1 inter-band UL CA.
Issue 3:	Whether and how DMRS bundling requirements can be applicable to SUL.
Issue 4:	Whether any further clarification is needed to address the UE UL Tx power adapatation issue.
Observation 1:	Considering the RAN1 discussion from RAN1 #110 on how Issues 1, 2, and 3 can be resolved, a RAN1 specification non-impacting resolution could introduce relevant constraints and clarifications outside of the RAN1 specification (e.g. additional clarifications into the feature list descriptions and/or additional side conditions in the UE requirements specifications).


Proposal 1:	RAN plenary to urge RAN1 and RAN4 to classify the potential resolutions to Issues 1, 2, and 3 as “specification neutral” and “specification impacting,” such that the “specification neutral” solutions are implemented in Rel-17, while the “specification impacting” solutions could be discussed in the next RAN meeting as additional scope proposals to the Rel-18 WID on coverage enhancement.

4	References
[bookmark: _Ref112947712][bookmark: _Ref95730788]RP-211566, “NR coverage enhancements,” China Telecom, RAN #92, June 2021
[bookmark: _Ref112948242]RP-220931, “Status Report to TSG: NR coverage enhancements,” China Telecom, RAN #95, March 2022
[bookmark: _Ref112948596]R4-2211225, “DRAFT Reply LS to RAN1/RAN2 on DMRS bundling,” 3GPP RAN4 #103, May 2022
[bookmark: _Ref112949152]R4-2211173, “DMRS bundling for CA and DC,” Qualcomm, 3GPP RAN4 #103, May 2022
[bookmark: _Ref112949243]R4-2214653, “CR 38.101-1 DMRS DL CA,” Qualcomm, China Telecom, 3GPP RAN4 #104, August 2022
[bookmark: _Ref112949893]R1- 2208212, “Reply LS to RAN4 on DMRS bundling,” 3GPP RAN1 #110, August 2022
[bookmark: _Ref112969459]RP-221858, “Revised WID on Further NR coverage enhancements,” China Telecom, 3GPP RAN #96, June 2022
Apple Inc.
Apple Inc.
