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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 support inter-slot frequency hopping with inter-slot bundling 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]
· 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
In this contribution, we discuss the remaining issues on inter-slot frequency hopping with inter-slot bundling for PUCCH/PUSCH.
2      Discussion
In RAN1#107, the following agreement was achieved for frequency hopping.
	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


In our understanding, for paired spectrum and SUL band, it is straight forward that frequency hopping pattern for inter-slot frequency hopping with inter-slot bundling is determined by physical slot indices. For unpaired spectrum, nominal TDWs can be determined by physical slots or available slots based on the counting method. However, it is desired to design a unified solution for paired spectrum and unpaired spectrum/SUL band for both of the two counting methods. 

Proposal 1: Frequency hopping pattern for inter-slot frequency hopping with inter-slot bundling is determined by physical slot indices.
It has been agreed to support separate RRC configuration(s) for hopping interval and configured TDW length and if hopping interval is not configured, the default hopping interval is the same as the configured TDW length. In our understanding, if both hopping interval and TDW length are not configured, the default value of frequency hopping is clear, i.e., equal to the default value of PUSCH-TimeDomainWindowLength for PUSCH or PUCCH-TimeDomainWindowLength for PUCCH. For paired spectrum and SUL band, the candidate value for hopping interval can be {1, 2, 4, 8}. For unpaired spectrum, the hopping interval should match the periodicity of DL/UL configuration. The candidate value for hopping interval can be {1, 5, 10, 20}. We have following proposal for the RRC parameters for hopping interval.

Proposal 2: Adopt the following table for the RRC parameters for PUCCH and PUSCH frequency hopping 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
	DM-RS bundling for PUCCH
	PUCCH-Frequencyhopping-Interval
	new
	Number of consecutive slots for UE to perform inter-slot frequency hopping with inter-slot bundling for PUCCH
	ENUMERATED {1, 2, 4, 8} for paired spectrum and SUL band,

ENUMERATED {1, 5, 10, 20} for unpaired spectrum
	　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 inter-slot frequency hopping with inter-slot bundling for PUSCH
	ENUMERATED {1, 2, 4, 8} for paired spectrum and SUL band,

ENUMERATED {1, 5, 10, 20} for unpaired spectrum
	　PUSCH-TimeDomainWindowLength
	in PUSCH-Config
	UE-specific


For the interaction between inter-slot frequency hopping and inter-slot bundling for PUCCH/PUSCH, one example is illustrated in Fig.1.

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

16 PUCCH/PUSCH trasmission

Nominal TDW

Time domain

Frequency 

domain

1

st

hop

Actual TDW

U U U U U U U U

Nominal TDW

Configured hopping 

interval

1

st

 hop

2ndhop

2ndhop

Configured hopping 

interval

Configured hopping 

interval

Configured hopping 

interval

Actual TDW Actual TDW Actual TDW


Fig.1 Illustration of interaction between inter-slot frequency hopping and inter-slot bundling w/o other events
Based on the illustration in Fig.1, when some event occurs during the nominal TDW as illustrated in Fig.2, the creation of new actual TDW may be different according to whether the events are dynamic events or semi-static events. Considering an event occurs in slot #10, whether there will be a new actual TDW starting from slot #11 is related to the event type (dynamic/semi-static) and UE capability. However, it is not clear whether a new actual TDW is created starting from slot #13. According to current agreement: “DMRS bundling shall be restarted at the beginning of each frequency hop”, based on our understanding, if there is a dynamic event occur in slot #10 and UE is not capable of restarting inter-slot bundling, there will not be a new actual TDW from slot #13. For this case, we think more clarification is needed. The details are analyzed in our companion contribution [3].
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Fig.2 Illustration of interaction between inter-slot frequency hopping and inter-slot bundling w/ other events
3      Conclusions
In this contribution, we discussed the remaining issues on inter-slot frequency hopping with inter-slot bundling for PUCCH/PUSCH and have following proposals:
Proposal 1: Frequency hopping pattern for inter-slot frequency hopping with inter-slot bundling is determined by physical slot indices.
Proposal 2: Adopt the following table for the RRC parameters for PUCCH and PUSCH frequency hopping 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
	DM-RS bundling for PUCCH
	PUCCH-Frequencyhopping-Interval
	new
	Number of consecutive slots for UE to perform inter-slot frequency hopping with inter-slot bundling for PUCCH
	ENUMERATED {1, 2, 4, 8} for paired spectrum and SUL band,

ENUMERATED {1, 5, 10, 20} for unpaired spectrum
	　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 inter-slot frequency hopping with inter-slot bundling for PUSCH
	ENUMERATED {1, 2, 4, 8} for paired spectrum and SUL band,

ENUMERATED {1, 5, 10, 20} for unpaired spectrum
	　PUSCH-TimeDomainWindowLength
	in PUSCH-Config
	UE-specific
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