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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#107bis-e [1], several issues for PUCCH coverage enhancement were discussed, and following agreements were made:
	Agreement
In column J of RRC parameter “PUCCH-nrofSlots-r17”, add a note as the following:
· 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.
Agreement
For PUCCH repetitions and PUSCH repetitions with DMRS bundling, introduce the following two RRC parameters for frequency hopping interval configuration.
· PUCCH-Frequencyhopping-Interval
· PUSCH-Frequencyhopping-Interval
Note: finalize the details (such as value range, parent IE, etc…) of these two RRC parameters in RAN1 107#bis-e.
Agreement
PUCCH repetitions with different sets of power control parameters in multi-TRP operation should be regarded as a [semi-static] event that causes power consistency and phase continuity not to be maintained across PUCCH repetitions.
Agreement
· The RRC parameter “PUCCH-DMRS-Bundling” is per UL BWP, and the RRC parameter “PUCCH-TimeDomainWindowLength” is per UL BWP. 
· PUCCH DMRS bundling is not supported for PUCCH format 0/2.
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 remaining in a nominal time domain window after 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


Agreement
The same mechanism supporting inter-slot frequency hopping with inter-slot bundling for DMRS bundling for type-A PUSCH repetitions is reused for TBoMS with/without repetitions.
· No optimization of FH mechanism specific to TBoMS with repetitions


According to these agreements, this contribution continues to discuss the remaining issues of PUCCH coverage enhancement, e.g., inter-slot frequency hopping enhancement for DMRS bundling.

2. Discussion on PUCCH coverage enhancement
2.1 Inter-slot frequency hopping with DMRS bundling
2.1.1 Design of inter-slot frequency hopping pattern with DMRS bundling
In current spec, the rule to determine the inter-slot frequency hopping for PUSCH repetition and PUCCH repetition are different. For PUSCH repetition, the frequency hopping is determined based on the physical slot indices, but for PUCCH repetition the frequency hopping is determined based on the relative physical slots indices. In our view, it is more appropriate to extend the existing mechanism in Rel-15, to minimize the spec impact and implementation effort. So for PUSCH repetition, the inter-slot frequency hopping with DMRS bundling is determined based on the physical slot indices, while for PUCCH repetition, inter-slot frequency hopping with DMRS bundling is determined based on the relative physical slot indices.
Proposal 1: Different rules to determine the inter-slot frequency hopping with DMRS bundling for PUSCH repetition and PUCCH repetition are preferred.
· For PUSCH repetition, the inter-slot frequency hopping with DMRS bundling is determined based on the physical slot indices;
· For PUCCH repetition, the inter-slot frequency hopping with DMRS bundling is determined based on the relative physical slot indices.

In addition, the design of inter-slot frequency hopping with DMRS bundling for PUSCH repetition is given in the following proposal.
Proposal 2: In case of inter-slot frequency hopping with DMRS bundling for PUSCH repetition, the starting RB during slot  is given by:

where  is the current slot number within a radio frame,  is the starting RB with the UL BWP,  is the frequency offset in RBs between the two frequency hops, and  is the interval of the frequency hopping indicated by PUSCH-Frequencyhopping-Interval.

And the design of inter-slot frequency hopping with DMRS bundling for PUCCH repetition is given in the following proposal.
Proposal 3: In case of inter-slot frequency hopping with DMRS bundling for PUCCH repetition, the starting RB during slot  is given by:

where the slot indicated to the UE for the first PUCCH transmission has number 0, i.e., , the each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits PUCCH in the slot,  is the starting RB with the UL BWP,  is the frequency offset in RBs between the two frequency hops, and  is the interval of the frequency hopping indicated by PUCCH-Frequencyhopping-Interval.

2.1.2 Default frequency hopping interval
In RAN1#107-e [2], the following agreements were made.
	Agreement
Support Option 1’-a
Option 1’-a:
· If L is configured, the maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
If L is not configured, the default value of L = min (maximum duration, duration of all PUSCH repetitions)
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 bundling 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


Based on these agreements, if frequency hopping interval is not configured, the default frequency hopping interval is the same as the TDW length. And if the TDW length is not configured, the default TDW length is min(maximum duration, duration of all PUSCH/PUCCH repetitions). So in the case of both frequency hopping interval and TDW length are not configured, a straightforward consequence is that the default frequency hopping interval is the default TDW length, i.e., min(maximum duration, duration of all PUSCH/PUCCH repetitions).
Proposal 4: In the case of both frequency hopping interval and TDW length are not configured, the default frequency hopping interval is the default TDW length, i.e., min(maximum duration, duration of all PUSCH/PUCCH repetitions).

2.1.3 Number of frequency offset enhancement
In RAN1#107bis-e [3], some companies concern that Rel-17 should increase the number of frequency offsets over what are supported in Rel-16/15. In our view, this optimization is not necessary, because:
· Increasing the number of frequency offsets for inter-slot frequency hopping is out of the scope for PUSCH/PUCCH coverage enhancement;
· PUCCH resources are typically configured at the edge of carrier bandwidth in order to avoid frequency resource fragmentation of PUSCH (considering PRB contiguity required by DFT-s OFDM waveform for UL coverage). It means very limited frequency hopping distance could be introduced by the third frequency offset, resulting in very limited gain.
As discussed above, the following proposal is obtained.
Proposal 5: It is not necessary to increase the number of frequency offsets over what are supported in Rel-15/16.

3. Conclusions
In this contribution, we provide overview on possible RAN1 specification impact on PUCCH coverage enhancement with following proposals:
Proposal 1: Different rules to determine the inter-slot frequency hopping with DMRS bundling for PUSCH repetition and PUCCH repetition are preferred.
· For PUSCH repetition, the inter-slot frequency hopping with DMRS bundling is determined based on the physical slot indices;
· For PUCCH repetition, the inter-slot frequency hopping with DMRS bundling is determined based on the relative physical slot indices.
Proposal 2: In case of inter-slot frequency hopping with DMRS bundling for PUSCH repetition, the starting RB during slot  is given by:

where  is the current slot number within a radio frame,  is the starting RB with the UL BWP,  is the frequency offset in RBs between the two frequency hops, and  is the interval of the frequency hopping indicated by PUSCH-Frequencyhopping-Interval.
Proposal 3: In case of inter-slot frequency hopping with DMRS bundling for PUCCH repetition, the starting RB during slot  is given by:

where the slot indicated to the UE for the first PUCCH transmission has number 0, i.e., , the each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits PUCCH in the slot,  is the starting RB with the UL BWP,  is the frequency offset in RBs between the two frequency hops, and  is the interval of the frequency hopping indicated by PUCCH-Frequencyhopping-Interval.
Proposal 4: In the case of both frequency hopping interval and TDW length are not configured, the default frequency hopping interval is the default TDW length, i.e., min(maximum duration, duration of all PUSCH/PUCCH repetitions).
Proposal 5: It is not necessary to increase the number of frequency offsets over what are supported in Rel-15/16.
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