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In this contribution, our analysis on RRC parameters for NR coverage enhancement is provided. The discussion is based on the outcome of the discussion in RAN1#106bis-e [1][2].
Discussion 
Enhanced PUSCH Type A repetitions
Counting based on available slots
In RAN1#106bis-e meeting, as discussed in FL summary [2], whether RRC parameter AvailableSlotCounting can be applied to both DG-PUSCH and CG-PUSCH is depended on UE feature discussion result, and whether the RRC parameter can be added under PUSCH-Config is FFS.  
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)
	UE-specific or 
Cell-specific
	Specification
	Comment

	NR_cov_enh-Core
	Enhancement on PUSCH repetition Type A
	[bookmark: _Hlk85039726]
AvailableSlotCounting
	new
	Enabling PUSCH repetitions counted on the basis of available slots
	ENUMERATED {enabled, disable }
	in [PUSCH-Config]
	[UE-specific]
	38.331
	Agreement:
• Each available slot identified by the UE is considered as a transmission occasion for PUSCH repetition.
o RV is cycled across transmission occasions, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.
Note: if separate FGs are defined for DG-PUSCH and CG-PUSCH, this field may be necessary for each of them.


Based on our analysis in UE feature [3], there is no need two separate UE FGs as there is no complexity difference to support the counted on the basis of available slots between DG and CG PUSCH. This is similar as Rel-16 URLLC FG 11-5, where only one FG is introduced for dynamic PUSCH repetition indication for both DG and CG PUSCH. So we propose that AvailableSlotCounting can be applied to both DG-PUSCH and CG-PUSCH.   
Proposal 1: A single RRC parameter AvailableSlotCounting that applies to both DG-PUSCH and CG-PUSCH is introduced.
If the above proposal is agreed and similar to Rel-16 URLLC FG 11-5, the RRC parameter AvailableSlotCounting can naturally be added under PUSCH-Config.
Proposal 2: AvailableSlotCounting is configured in PUSCH-Config.    
TBoMS
In RAN1#106bis-e, the following RRC parameters for TB processing over multi-slot PUSCH are agreed [2].
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)
	UE-specific or 
Cell-specific
	Specification
	Comment

	NR_cov_enh-Core
	TB processing over multi-slot PUSCH
	numberOfSlotsTBoMS-r17
	new
	Number of slots allocated for TB processing over multi-slot PUSCH for DCI format 0_1/0_2 (see TS 38.214 [X], clause XX)
	1, 2, 4, 8
	Per UE, Parent IE: PUSCH-TimeDomainResourceAllocationList
	UE-specific
	38.331
	Agreement
The number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. The existing column for configuring the number of repetitions in the TDRA for Rel-17 PUSCH repetition Type A, i.e., numberOfRepetitions, is used for indicating the number of repetitions M of a single TBoMS, when TBoMS transmission is enabled.
FFS: supported values of N and M.
FFS: how to enable the TBoMS transmission
FFS: details of retransmission of TBoMS
 
Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
• {2,4,8}
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)
FFS: other values, if any.
FFS: further constraints on N*M

Agreement
For TBoMS transmission in Rel-17:
• TBoMS feature is enabled (or disabled) by configuring (or not) the number of allocated slots for a single TBoMS (N) in a row of the TDRA table.
• TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS.
• Single-slot PUSCH transmission is enabled when N=1.
• Supported combinations of N and M that can be configured in the TDRA table, these combinations are constrained by retransmission are to be further discussed
 

	NR_cov_enh-Core
	TB processing over multi-slot PUSCH
	numberOfRepetitions
	existing
	Number of repetitions of a single TB over multi-slot PUSCH (see TS 38.214 [X], clause XX)
	1,2,3,4,7,8,12,16
	Per UE, Parent IE: PUSCH-TimeDomainResourceAllocationList
	UE-specific
	38.331
	Agreement
The number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. The existing column for configuring the number of repetitions in the TDRA for Rel-17 PUSCH repetition Type A, i.e., numberOfRepetitions, is used for indicating the number of repetitions M of a single TBoMS, when TBoMS transmission is enabled.
FFS: supported values of N and M.
FFS: how to enable the TBoMS transmission
FFS: details of retransmission of TBoMS
 
Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
• {1,2,3,4,7,8,12,16}
FFS: further constraints on N*M, e.g., N*M is a valid value according to agreements in AI 8.8.1.1



One remaining issue is the candidates for both N and M. In our view, we are fine with any candidate values for both N and M as long as it satisfies N*M  32. There is no need to restrict combination of M and N in TDRA table.
Proposal 3: On top of existing agreed values for N and M, there is no need to restrict the combination of M and N in TDRA table, except for the condition of N*M  32.
Another remaining issue is whether to introduce a separate RRC parameter to enable/disable TBoMS transmission. In our view, since enabling/disabling TBoMS transmission can be already supported by configuring N is larger than or equal to 1, no separate RRC parameter are needed for enabling/disabling TBoMS transmission.
Proposal 4: No separate RRC parameter are needed for enabling/disabling TBoMS transmission.
DM-RS bundling among PUSCH/PUCCH transmissions
In RAN1#106bis-e, the following RRC parameters for DMRS bundling for PUSCH are agreed [2].
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)
	UE-specific or 
Cell-specific
	Specification
	Comment

	NR_cov_enh-Core
	DM-RS bundling for PUSCH
	PUSCH-DMRS-Bundling
	new
	Enabling/disabling of DM-RS bundling and time domain window for PUSCH.
	ENUMERATED {enabled, disable }
	
	[UE-specific]
	38.331
	Agreement
• Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
o Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.

	NR_cov_enh-Core
	DM-RS bundling for PUSCH
	PUSCH-TimeDomainWindowLength
	new
	Length of a configured time domain window in slots for DMRS bundling for PUSCH.
	FFS
	in [PUSCH-Config]
	[UE-specific]
	38.331
	Working assumption
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
 Each configured TDW consists of one or multiple consecutive physical slots.
 The window length L of the configured TDW(s) can be explicitly configured with a single value

	NR_cov_enh-Core
	DM-RS bundling for PUSCH
	PUSCH-Window-Restart
	new
	[UE bundles PUSCH DM-RS remaining in a bundling window after event(s) that violate power consistency and phase continuity requirements]
	ENUMERATED {enabled, disable }
	in [PUSCH-Config]
	[UE-specific]
	38.331
	Working assumption: 
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 capable of restarting DM-RS bundling, one new actual TDW is created after the event, 
FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.



One remaining issue is the value range of the PUSCH time domain window length. In our view, the maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability. As a separate RRC is introduced for enabling/disabling the DMRS bundling, the window length L of the configured TDW can be set to any integer value that is larger than 1 and no larger than the maximum duration.
Proposal 5: The window length L of the configured TDW can be set to any integer value that is larger than 1 and no larger than the maximum duration.
PUCCH
In RAN1 #106bis-e, the following RRC parameters for PUCCH are agreed [2].
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	UE-specific or 
Cell-specific
	Specification
	Comment

	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.
	ENUMERATED {2, 4, 8}
	[UE-specific]
	38.331
	Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
• Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
o FFS: RRC signaling enhancement details

Agreement
• In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
• Do not support PUCCH repetition factor larger than 8 In Rel-17.

Agreement 
• for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots.

Note:
a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according when the Rel-15/16 parameter nrofSlots is not configured. 

	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 }
	[UE-specific]
	38.331
	Agreements:
Subject to the prerequisites of DMRS bundling for PUCCH repetitions, support enabling PUCCH repetitions with DMRS bundling via RRC configuration. 
• FFS: the configuration is per UE or per PUCCH resource. 
• FFS: whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
• FFS: necessity of additional signaling/configuration of DMRS bundling duration/window and associated size

Agreement: 
For DMRS bundling for PUCCH repetitions, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUCCH repetitions subject to power consistency and phase continuity requirements.
• Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. 

	NR_cov_enh-Core
	DM-RS bundling for PUCCH
	PUCCH-TimeDomainWindowLength
	new
	[Enabling/disabling of DM-RS bundling and time domain window for PUCCH repetitions.]
Length of a configured time domain window in slots for DMRS bundling for PUCCH.
	FFS
	[UE-specific]
	38.331
	Agreement: For DMRS bundling for PUCCH repetitions, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUCCH repetitions subject to power consistency and phase continuity requirements.
• Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. 



For DMRS bundling for PUSCH, there was an agreement as follow.
	Agreements:
· Introduce two RRC parameters to indicate enabling of DM-RS bundling and the window length of the configured TDW respectively.



We think this agreement should also be applied to DMRS bundling for PUCCH to strive for common design for PUCCH/PUSCH with DMRS bundling as much as possible.
Proposal 6: For DMRS bundling for PUCCH repetition, introduce two RRC parameters to indicate enabling of DM-RS bundling and the window length of the configured TDW respectively.
Different from PUSCH, there is one remaining issue about granularity for RRC configuration for PUCCH repetition. Several options are discussed.  
· Option 1: per UE
· Option 2: per UL BWP
· Option 3: per PUCCH resource format
· Option 4: per PUCCH resource
If DMRS bundling of PUSCH repetition doesn’t require different RRC configurations depending on different scheduling, we don’t see the motivation for configuration of DMRS bundling for PUCCH by PUCCH resource/format level. Considering the PUCCH-config is configured per UL BWP, we think it is sufficient that the DMRS bundling is configured in PUCCH-config and per UL BWP configured. Similar approach could apply to the configuration of the length of a configured time domain window (L).
Proposal 7: Both the RRC parameter for enabling/disabling DM-RS bundling of PUCCH and the RRC parameter for the window length of the configured TDW are configured per PUCCH-config per UL BWP.
Msg3 repetition
In RAN1#106bis-e, the following RRC parameter for the number of repetitions for Msg3 PUSCH repetition is agreed [2]. 
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)
	UE-specific or 
Cell-specific
	Specification
	Comment

	NR_cov_enh-Core
	Type A PUSCH repetitions for Msg3
	numberOfMsg3Repetitions
	new
	The number of repetitions for Msg3 PUSCH repetition, including Msg3 initial transmission and Msg3 re-transmission. 
	FFS
	FFS
	Cell-specific
	38.331
	Working Assumption 
Down-select only one from the following methods for indication of the number of repetitions of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, Option 2 is supported. 
·   The candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]} 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values.
·  The set of candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]}
Note: Whether ‘1’ is included depends on the outcome of interpretation of the selected information field.



One remaining issue is the value range of the RRC parameter. In our view, NR Rel-16 repetition factor set {1, 2, 3, 4, 7, 8, 12, 16} can be reused for Msg3 repetition. As anyway it needs 3 bits for repetition indication, it could provide better performance by supporting the relatively larger values. This could be potentially useful and necessary for FR2 or Rel-17 small data transmission on Msg3. 
Proposal 8: The value range of numberOfMsg3Repetitions for Msg3 PUSCH repetition is {1, 2, 3, 4, 7, 8, 12, 16}.
Regarding the parent IE, we prefer to include numberOfMsg3Repetitions in the TDRA table as discussed in our companion contribution [4]. Therefore, we suggest to add this parameter under PUSCH-TimeDomainResourceAllocation in PUSCH-ConfigCommon. 
PUSCH-TimeDomainResourceAllocation ::=  SEQUENCE {
    k2                                      INTEGER(0..32)                                  OPTIONAL,   -- Need S
    mappingType                             ENUMERATED {typeA, typeB},
    startSymbolAndLength                    INTEGER (0..127)
}
Proposal 9: The parent IE of numberOfMsg3Repetitions for Msg3 PUSCH repetition is PUSCH-TimeDomainResourceAllocation. 
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: A single RRC parameter AvailableSlotCounting that applies to both DG-PUSCH and CG-PUSCH is introduced.
Proposal 2: AvailableSlotCounting is configured in PUSCH-Config.    
Proposal 3: On top of existing agreed values for N and M, there is no need to restrict the combination of M and N in TDRA table, except for the condition of N*M  32.
Proposal 4: No separate RRC parameter are needed for enabling/disabling TBoMS transmission.
Proposal 5: The window length L of the configured TDW can be set to any integer value that is larger than 1 and no larger than the maximum duration.
Proposal 6: For DMRS bundling for PUCCH repetition, introduce two RRC parameters to indicate enabling of DM-RS bundling and the window length of the configured TDW respectively.
Proposal 7: DM-RS bundling for PUCCH is configured per PUCCH-config per UL BWP.
Proposal 8: The value range of numberOfMsg3Repetitions for Msg3 PUSCH repetition is {1, 2, 3, 4, 7, 8, 12, 16}.
[bookmark: _GoBack]Proposal 9: The parent IE of numberOfMsg3Repetitions for Msg3 PUSCH repetition is PUSCH-TimeDomainResourceAllocation. 
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