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1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1] and revised in [2]. 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 objectives include mechanism(s) to enable joint channel estimation.

· 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]
Editors’ CRs on introduction of coverage enhancements in NR have been approved in RAN#94e [3]. In this contribution, we discuss the remaining issues on joint channel estimation.
2      Discussion
For PUSCH transmissions of PUSCH repetition Type A, PUSCH repetition Type B and TB processing over multiple slots, when PUSCH-DMRS-Bundling is enabled, or for PUCCH repetition, when PUCCH-DMRS-Bundling is enabled, the UE determines one or multiple nominal TDWs, and a nominal TDW consists of one or multiple actual TDWs. If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling. If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the nominal TDW. In addition, when PUSCH-DMRS-Bundling or PUCCH-DMRS-Bundling is enabled, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
Based on the guidance “Avoid defining functionality that has no RRC configuration but is dependent on capability bits” from RAN2 [4], RRC parameters PUSCH-Window-Restart and PUCCH-Window-Restart are introduced for when UE restarts a bundling window. In our understanding, PUSCH-Window-Restart or PUCCH-Window-Restart only applies to dynamic events. Based on the current specification, when PUSCH-Window-Restart or PUCCH-Window-Restart is enabled, a new actual TDW is created within the nominal TDW. Then, it seems “UE is mandatory to support restarting DM-RS bundling due to semi-static events” has not been captured into the specification. We have following proposal.
Proposal 1: Adopt the following TP to TS 38.214.
	-
A new actual TDW is created when PUSCH-Window-Restart is enabled or in response to frequency hopping or in response to any event not triggered by DCI or MAC-CE. The start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes 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 within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission 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.
-
A new actual TDW is created when PUCCH-Window-Restart is enabled or in response to frequency hopping or in response to any event not triggered by DCI or MAC-CE. The start of a new actual TDW is the first symbol of the PUCCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUCCH transmissions of PUCCH repetition within the nominal TDW, and the PUCCH transmission is in a slot determined for transmission of the PUCCH.


For RRC parameters PUSCH-Window-Restart and PUCCH-Window-Restart, in order to avoid the ambiguity, we propose to update the description.
Proposal 2: Update the description of the RRC parameter PUSCH-Window-Restart as follows.
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	NR_cov_enh-Core
	DM-RS bundling for PUSCH
	PUSCH-Window-Restart
	new
	UE bundles PUSCH DM-RS remaining in a nominal time domain window after dynamic event(s) that violate power consistency and phase continuity requirements
	ENUMERATED {enabled, disable }
	　
	in PUSCH-Config
	UE-specific


Proposal 3: Update the description of the RRC parameter PUCCH-Window-Restart as follows.
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-Window-Restart
	new
	UE bundles PUCCH DM-RS remaining in a nominal time domain window after dynamic event(s) that violate power consistency and phase continuity requirements
	ENUMERATED {enabled, disable }
	　
	in PUCCH-Config
	UE-specific


For UE capable of restarting DM-RS bundling, it is clear that when PUSCH-Window-Restart or PUCCH-Window-Restart is enabled, a new actual TDW is created after an event within the nominal TDW. However, for UE not capable of restarting DM-RS bundling, when PUSCH-Window-Restart or PUCCH-Window-Restart is enabled, it is not clear whether a new actual TDW is created for the following two cases:
· Case 1: A semi-static event is triggered after one or multiple dynamic events. Whether a new actual TDW is created after the semi-static event?
· Case 2: A semi-static event overlaps with a dynamic event. Whether a new actual TDW is created after the semi-static event?

[image: image1.emf]U U U U U U U U

8 PUCCH/PUSCH repetitions

#1 #2 #3 #4 #5 #6 #7 #8

actual TDW

dynamic event

Whether a new actual 

TDW is created?

semi-static event

nominal TDW


Fig.1 Illustration of case 1
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Fig.2 Illustration of case 2
In our understanding, the motivation of introducing UE capability of supporting restarting DMRS bundling is that UE may need to know the start of each actual TDW ahead of time. This issue is only relevant to dynamic events, since UE can know semi-static events beforehand. In this sense, a new actual TDW is created after a semi-static event no matter whether there are dynamic events before the semi-static event. For case 2, gNB should avoid the overlapping between semi-static events and dynamic events. In case the overlapping cannot be avoided, since the UE knows the semi-static events beforehand, a new actual TDW is created after the event.
Proposal 4: A new actual TDW is created after a semi-static event no matter whether there are dynamic events before the semi-static event.
Proposal 5: A new actual TDW is created after a semi-static event in case the semi-static event overlaps with a dynamic event.
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Fig.3 Illustration of proposal 4
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Fig.4 Illustration of proposal 5
3      Conclusions
In this contribution, we discussed the remaining issues on joint channel estimation and have following proposals:
Proposal 1: Adopt the following TP to TS 38.214.

	-
A new actual TDW is created when PUSCH-Window-Restart is enabled or in response to frequency hopping or in response to any event not triggered by DCI or MAC-CE. The start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes 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 within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission 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.
-
A new actual TDW is created when PUCCH-Window-Restart is enabled or in response to frequency hopping or in response to any event not triggered by DCI or MAC-CE. The start of a new actual TDW is the first symbol of the PUCCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUCCH transmissions of PUCCH repetition within the nominal TDW, and the PUCCH transmission is in a slot determined for transmission of the PUCCH.


Proposal 2: Update the description of the RRC parameter PUSCH-Window-Restart as follows.
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	NR_cov_enh-Core
	DM-RS bundling for PUSCH
	PUSCH-Window-Restart
	new
	UE bundles PUSCH DM-RS remaining in a nominal time domain window after dynamic event(s) that violate power consistency and phase continuity requirements
	ENUMERATED {enabled, disable }
	　
	in PUSCH-Config
	UE-specific


Proposal 3: Update the description of the RRC parameter PUCCH-Window-Restart as follows.
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-Window-Restart
	new
	UE bundles PUCCH DM-RS remaining in a nominal time domain window after dynamic event(s) that violate power consistency and phase continuity requirements
	ENUMERATED {enabled, disable }
	　
	in PUCCH-Config
	UE-specific


Proposal 4: A new actual TDW is created after a semi-static event no matter whether there are dynamic events before the semi-static event.
Proposal 5: A new actual TDW is created after a semi-static event in case the semi-static event overlaps with a dynamic event.
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