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Background
RAN1 specification for Rel-17 CovEnh has been published. We discuss issues for finalization of the work.
List of issues in the current specification
List of issues in the current specification is as the following:
· Inter-slot frequency hopping with DMRS bundling for PUSCH and PUCCH
1.1. Inter-slot frequency hopping with DMRS bundling
	38.214 Clause 6.3.1
…

In case of inter-slot frequency hopping, and when PUSCH-DMRS-Bundling is not enabled, the starting RB during slot  is given by:

	, 

Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering, based on the following option 1.

· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bunding is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured



Hopping pattern determination by physical slot indices
First, we consider FFS point in the above agreement [1], a hopping pattern if a hopping interval H is configured, and UEs with the hopping pattern should be multiplexed independently from starting slots of PUSCH transmissions of the UEs. 
Proposal 1: If a hopping interval  is configured, UEs with the hopping pattern should be multiplexed independently from starting slots of PUSCH/PUCCH transmissions of the UEs. 
Currently, the hopping pattern is not defined and not specified. Using the hopping interval H, the hopping pattern should be semi-statically determined based on physical slot indices  and SFN  as:
.
If only physical slot index  is used to determine the hopping pattern, the frequency is hopped at boundary between two frames and both frequency diversity and DMRS bundling gain are degraded. For example, when  and , the first hop is used in slots corresponding to  and the second hop is used in slots corresponding to .
Proposal 2: If a hopping interval  is configured, the hopping pattern should be determined as:
.

Additionally, it was agreed to strive common design of inter-slot frequency hopping for PUSCH/PUCCH with DMRS bundling as much as possible. For this reason, the unified design of the hopping pattern should be applied to PUSCH/PUCCH with DMRS bundling.
Proposal 3: The unified design of the hopping pattern should be applied to both PUSCH and PUCCH with DMRS bundling.

Configuration of hopping interval
	Agreement
Adopt the following table for the RRC parameters PUCCH-nrofSlots-r17, PUCCH-DMRS-Bundling, PUCCH-TimeDomainWindowLength, PUCCH-Window-Restart, PUCCH-Frequencyhopping-Interval, and PUSCH-Frequencyhopping-Interval.
	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
	PUCCH enhancements
	PUCCH-nrofSlots-r17
	new
	A new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication. The new repetition parameter is configured per PUCCH resource and should be in PUCCH-Resource.
Note: a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according to when the Rel-15/16 parameter nrofSlots is not configured.
	ENUMERATED {2, 4, 8}
	 
	In PUCCH-resource
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-DMRS-Bundling
	new
	Enabling/disabling of DM-RS bundling and time domain window for PUCCH repetitions.
	ENUMERATED {enabled, disable }
	 
	in PUCCH-Config
Note: The RRC parameter “PUCCH-DMRS-Bundling” is per UL BWP. PUCCH DMRS Bundling is not supported for PUCCH format 0/2
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-TimeDomainWindowLength
	new
	Length of a [nominal] time domain window in slots for DMRS bundling for PUCCH.
	INTEGER (2..[8])
Note: the value shall not exceed the maximum duration
	 
	in PUCCH-Config
Note: The RRC parameter “PUCCH-TimeDomainWindowLength” is per UL BWP. PUCCH DMRS Bundling is not supported for PUCCH format 0/2
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-Window-Restart
	new
	UE bundles PUCCH DM-RS slots remaining in a bundling nominal time domain window after a slot for which events violate power consistency and phase continuity requirements
 
UE bundles PUCCH DM-RS remaining in a nominal time domain window after dynamic event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements
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.
	ENUMERATED {enabled, disable }
	 
	in PUCCH-Config
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-Frequencyhopping-Interval
	New
	Number of consecutive slots for UE to perform Rel-17 inter-slot frequency hopping with inter-slot bundling for PUCCH
Note: When DMRS bundling for PUCCH is enabled by PUCCH-DMRS-Bundling, PUCCH frequency hopping interval is only determined by the configuration of PUCCH hopping interval if PUCCH hopping interval is configured.
 
	FFS
	　PUCCH-TimeDomainWindowLength
	in PUCCH-Config
	UE-specific

	NR_cov_enh-Core
	DM-RS bundling for PUSCH
	PUSCH-Frequencyhopping-Interval
	New
	Number of consecutive slots for UE to perform Rel-17 inter-slot frequency hopping with inter-slot bundling for PUSCH.
Note 1: This RRC parameter is shared for both DG-PUSCH and CG-PUSCH
Note 2: When DMRS bundling for PUSCH is enabled by PUSCH-DMRS-Bundling, PUSCH frequency hopping interval is only determined by the configuration of PUSCH hopping interval if PUSCH hopping interval is configured.
 
	FFS
	　PUSCH-TimeDomainWindowLength
	in PUSCH-Config
	UE-specific


 



For value sets of PUCCH-Frequencyhopping-Interval/PUSCH-Frequencyhopping-Interval [2], our preferences are {2, 4, 5} for PUCCH and {2, 4, 5, 8, 10, 16, 20} for PUSCH with considering half values of repetition numbers and typical TDD periodicities. In our view, there is no need to configure value 1 in PUSCH-Config/PUCCH-Config. This is because the UE determines to use Rel-15/16 frequency hopping when DMRS bundling is disabled in the current spec, and enabling of DMRS bundling is configured in PUSCH-Config/PUCCH-Config.
Proposal 4: The following value sets should be supported for PUCCH-Frequencyhopping-Interval/PUSCH-Frequencyhopping-Interval:
	PUCCH-Frequencyhopping-Interval = {2, 4, 5}
	PUSCH-Frequencyhopping-Interval = {2, 4, 5, 8, 10, 16, 20}

Enabling/disabling of inter-slot frequency hopping with DMRS bundling
In the current spec, the legacy inter-slot frequency hopping for PUSCH is performed when PUSCH-DMRS-Bundling is not enabled. However, how to enable the new inter-slot frequency hopping with DMRS bundling is not specified.
Considering RRC configuration impacts, we suggest to reuse frequencyHopping, frequencyHoppingDCI-0-2, and frequencyHoppingDCI-0-1 in PUSCH-Config. When frequency hopping scheme is indicated as interSlot and PUSCH-DMRS-bundling is enabled, the UE should determine to perform the new inter-slot frequency hopping with DMRS bundling.
Proposal 5: When frequency hopping scheme is indicated as interSlot and PUSCH-DMRS-Bundling is enabled, the UE should determine to perform the new inter-slot frequency hopping with DMRS bundling.
When the frequency hopping scheme is indicated as intraSlot and PUSCH-DMRS-bundling is enabled, the UE should determine to perform the intra-slot frequency hopping to not reduce flexibility of Rel-15/16.
Proposal 6: When the frequency hopping scheme is indicated as intraSlot and PUSCH-DMRS-Bundling is enabled, the UE should determine to perform the intra-slot frequency hopping.

Both hopping interval and window length L are not configured
Although almost hopping interval determinations were agreed and specified as shown in Table 1 [1], a case that both hopping interval and window length L are not configured is FFS.
Table 1: Hopping interval determination
	Enabling of DMRS bundling
	Window length L
	Hopping interval configuration (H)
	Hopping interval (Slot)
	

	Y
	Y
	Y
	H
	Agreement
Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured

	Y
	Y
	N
	L
	Agreement
if hopping interval is not configured, the default hopping interval is the same as the configured TDW length

	Y
	N
	Y
	H
	Agreement
A Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured

	Y
	N
	N
	TBD
	FFS: if both hopping interval and TDW length are not configured

	N
	-
	-
	1
	Current spec



When DMRS bundling is enabled, the frequency hopping scheme is indicated as interSlot. and both hopping interval and window length L are not configured, the configured TDW length L’ is equal to min(maximum duration, all repetition duration). However, if the default hopping interval is also equal to the configured TDW, frequency hopping is potentially not performed during the all repetition duration. For this reason, we propose that when hopping interval and window length L are not configured, a half of the configured TDW (i.e., ) should be equal to the default hopping interval to achieve both frequency hopping gain and DMRS bundling gain.
Proposal 7: When hopping interval and window length L are not configured, the default hopping interval should be a half of the configured TDW length to achieve both frequency hopping gain and DMRS bundling gain.
Conclusion
In this contribution, we have the following proposal:
Proposal 1: If a hopping interval  is configured, UEs with the hopping pattern should be multiplexed independently from starting slots of PUSCH/PUCCH transmissions of the UEs. 
Proposal 2: If a hopping interval  is configured, the hopping pattern should be determined as:
.
Proposal 3: The unified design of the hopping pattern should be applied to both PUSCH and PUCCH with DMRS bundling.
Proposal 4: The following value sets should be supported for PUCCH-Frequencyhopping-Interval/PUSCH-Frequencyhopping-Interval:
	PUCCH-Frequencyhopping-Interval = {2, 4, 5}
	PUSCH-Frequencyhopping-Interval = {2, 4, 5, 8, 10, 16, 20}
Proposal 5: When frequency hopping scheme is indicated as interSlot and PUSCH-DMRS-Bundling is enabled, the UE should determine to perform the new inter-slot frequency hopping with DMRS bundling.
Proposal 6: When the frequency hopping scheme is indicated as intraSlot and PUSCH-DMRS-Bundling is enabled, the UE should determine to perform the intra-slot frequency hopping.
Proposal 7: When hopping interval and window length L are not configured, the default hopping interval should be a half of the configured TDW length to achieve both frequency hopping gain and DMRS bundling gain.
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