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Introduction
In the RAN1#107b-e meeting, several agreements were made regarding on PUCCH enhancement. [1] In this contribution, we discuss DMRS bundling of PUCCH when frequency hopping is enabled.

DMRS bundling for PUCCH
Regarding inter-slot frequency hopping and DMRS bundling, the following agreement was made in RAN1#107-e and the remained FFS points should be discussed.
	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



First, it is necessary to define the determination of the frequency hopping pattern. Both the conventional PUSCH and the PUCCH are based on the same rule although there is a difference in description in the specification. For the frequency hopping of PUSCH, a start RB is applied when the slot index is even, and an offset to the start RB is applied when the slot index is odd. In the case of PUCCH, startingPRB is applied if the slot index is even, and secondHopPRB is applied if the slot index is odd. That is, the frequency hop is determined according to whether the physical slot index is even or odd. That is, it is determined according to the physical slot index and it is most desirable to extend the same rule for simplicity. In addition, if the hopping boundary between the UEs is not aligned, every UE with frequency hopping occupies two RBs, which is not preferable in terms of resource management. That is, in consideration of multi-user multiplexing, a method in which hopping boundaries between UEs can be aligned is desirable, and this can be achieved when the hopping pattern is determined by physical slot index. There are opponents who think relative slot index should be used for frequency hopping pattern determination since the multi-user multiplexing scenario is not feasible in practice, however we believe whether achieve it or not depends on network and what is more important from specification perspective is making room for it.
Proposal 1: The frequency hopping pattern for inter-slot frequency hopping is determined only by physical slot index.

Secondly, the frequency hopping pattern determination of PUCCH and PUSCH should be based on a unified method. The purpose of defining the frequency hopping pattern only with physical slot indices is multi-user multiplexing, and to achieve this, the hopping boundary between users should be matched. However, since the configured TDW of PUSCH and PUCCH is configured separately, the hopping window of PUCCH and PUSCH may be different. To resolve this, multi-user multiplexing can be achieved by not pairing different channels, i.e., PUSCH and PUCCH is not paired with each other. More importantly, due to the following agreement from RAN1#104-e, unified rule and/or procedure for frequency hopping enhancement of PUSCH/PUCCH with DMRS bundling should be main goal if there is no inevitable issue. Separating different rule and/or procedure for PUSCH and PUCCH is violation of previous agreement.
	Agreements
Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.
· Strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible



Proposal 2: Frequency hopping pattern determination for PUCCH and PUSCH is based on the same rule, however the size of each frequency hopping window for PUSCH and PUCCH can be same or different depending on each configurations.


It was agreed to support separate RRC configuration for hopping interval and configured TDW length. Considering that, the detailed method for frequency hop determination of PUSCH is as follows. When the inter slot frequency hopping is configured and hopping interval for PUSCH W, which is described as HoppingIntervalPUSCH in TP, is configured, the RB of the transmission occasion in the th slot is configured by the formula described in TP. That is, start RB or start RB + offset RB should be applied depending on whether the value obtained by dividing the slot index by the hopping interval for joint channel estimation of PUSCH is even or odd.
The same rule can be applied to PUCCH. That is, startingPRB and secondHopPRB must be applied depending on whether the value obtained by dividing the slot index by the hopping interval for joint channel estimation of PUCCH, which is described as HoppingIntervalPUCCH, is even or odd. At this time, if the configured TDW of the PUCCH is not configured according to PUCCH format, the hopping interval for joint channel estimation of PUCCH does not need to be configured for each format. As mentioned before, it is not desirable to have different boundaries for each format considering multi-user multiplexing. Therefore, the hopping interval of the PUCCH should also be applied regardless of the format.
For the last FFS point is the default UE behavior when the hopping interval and TDW is not configured but joint channel estimation and frequency hopping is enabled. It is natural to think that even if both hopping interval and TDW length are not configured, the operation of the UE seems clear since the value of the default configured TDW is defined. That is, if joint channel estimation is enabled and hopping is indicated without a hopping interval and the configured TDW, the default configured TDW value should be the hopping interval.
Proposal 3: In case the joint channel estimation is enabled and frequency hopping is indicated without a hopping interval and configured TDW, the default value for configured TDW should be applied as a default value for the hopping interval. Adopt to capture TP described in section 3.

Regarding frequency hopping with inter-slot bundling, there is the following agreement in RAN1#104b-e.
	Agreements:
· For inter-slot frequency hopping with inter-slot bundling, down select on the following two options:
· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.
· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.
· FFS: Whether the bundle size (time domain hopping interval) is explicitly configured or implicitly determined.
· FFS: Whether/How the bundle size (time domain hopping interval) is defined separately for FDD and TDD.
· FFS: relation between the bundle size (time domain hopping interval) and the time domain window size



Considering the RAN1#107-e agreement, which is “hopping intervals determination” -> “configured TDW determination” and “actual TDW determination” are arranged in the order, naturally the option 2 is supported. It is also necessary to organize the FFS points. That is, the bundle size and the time domain hopping interval are explicitly configured independently, and the bundle size is not configured separately for FDD and TDD. To achieve one of two options above, the minimum value of PUCCH-Frequencyhopping-Interval should be 2 and maximum value should be equal to maximum value of PUCCH-TimeDomainWindowLength, and same rule should applied for PUSCH-Frequencyhopping-Interval.
Proposal 4: The bundle size can be same as or different from the time domain window size.

Conclusion
In this contribution, we discuss on specifications of PUCCH enhancement. From the discussion, we obtained following proposals:
Proposal 1: The frequency hopping pattern for inter-slot frequency hopping is determined only by physical slot index.

Proposal 2: Frequency hopping pattern determination for PUCCH and PUSCH is based on the same rule, however the size of each frequency hopping window for PUSCH and PUCCH can be same or different depending on each configurations.

Proposal 3: 
· In case the joint channel estimation is enabled and frequency hopping is indicated without a hopping interval and configured TDW, the default value for configured TDW should be applied as a default value for the hopping interval.
· Adopt to capture following TP in TS38.214 and TS38.213

============ Start of Text Proposal for TS38.214 [2] ==================
6.3.2	Frequency hopping for PUSCH repetition type A
<--------------------------------------Other parts are omitted---------------------------------------------------------->

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

	, 



where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, the starting RB during slot  is given by:
,
where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops and W is the HoppingIntervalPUSCH, if configured, or W is the PUSCH-TimeDomainWindowLength, if configured and if HoppingIntervalPUSCH is not configured, or W is computed as min ([maxDMRS-BundlingDuration], M), if PUSCH-TimeDomainWindowLength is not configured and HoppingIntervalPUSCH is not configured, where M is the time duration in consecutive slots of  PUSCH transmissions, and where:
· For PUSCH transmissions of PUSCH repetition Type A, N=1 and K is the number of repetitions, as defined in Clause 6.1.2.1.
· For PUSCH transmissions of PUSCH repetition Type B, N=1 and K is the number of nominal repetitions, as defined in Clause 6.1.2.1.
· For PUSCH transmissions of TB processing over multiple slots, N is the number of slots used for TBS determination and K is the number of repetitions of the number of slots N used for TBS determination, as defined in Clause 6.1.2.1.
<--------------------------------------Other parts are omitted---------------------------------------------------------->
============ End of Text Proposal for TS38.214 ==================

============ Start of Text Proposal for TS38.213 [3] ==================
9.2.6	PUCCH repetition procedure
<--------------------------------------Other parts are omitted---------------------------------------------------------->
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbolIndex, subslotLengthForPUCCH)
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots and when PUCCH-DMRS-Bundling is not enabled
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots and when PUCCH-DMRS-Bundling is enabled
-	the UE performs frequency hopping per W slots where W is HoppingIntervalPUCCH, if configured, or W is PUCCH-TimeDomainWindowLength, if configured and HoppingIntervalPUCCH is not configured, or W is Computed as min ([maxDMRS-BundlingDuration], M), if PUCCH-TimeDomainWindowLength is not configured and HoppingIntervalPUCCH is not configured, where M is the time duration in consecutive slots from the first slot determined for PUCCH transmissions of PUCCH repetition to the last slot determined for PUCCH transmissions of PUCCH repetition according to clause 9.2.6 of [6, TS 38.213]
-	the UE transmits the PUCCH on a first PRB, provided by startingPRB, in slots where  is even and on the second PRB, provided by secondHopPRB, in slots where  is odd where  is the current slot number within a radio frame. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot
-	If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and if the UE is configured to perform frequency hopping for a PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot 
<--------------------------------------Other parts are omitted---------------------------------------------------------->
============ End of Text Proposal for TS38.213 ==================

Proposal 4: The bundle size can be same as or different from the time domain window size.

Reference
[1] RAN1 chair’s notes, RAN1 #107b-e, e-Meeting, January 17th – 25th, 2022
[2] 3GPP TS 38.214 V17.0.0 (2021-12): "NR; Physical layer procedures for data"
[3] 3GPP TS 38.213 V17.0.0 (2021-12): "NR; Physical layer procedures for control"

Agreements in RAN1#107b-e
	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 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



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




	8/8	
image2.wmf
m

s

n


oleObject2.bin

image3.wmf
(

)

(

)

ï

î

ï

í

ì

=

+

=

=

1

2

mod

mod

RB

RB

0

2

mod

RB

RB

offset

start

start

start

m

m

m

s

size

BWP

s

s

n

N

n

n


oleObject3.bin

image4.wmf
m

s

n


oleObject4.bin

image5.wmf
start

RB


oleObject5.bin

image6.wmf
offset

RB


oleObject6.bin

image1.wmf
m

s

n


oleObject1.bin

