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[bookmark: _Ref513464071]Introduction
In RAN1#104e and RAN1#105e, the following agreements were made [1, 2].

	RAN1#105e

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. 
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.
· FFS: RRC signaling enhancement details

Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling
· Use case 1: back-to-back PUCCH repetitions within one slot.
·  Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 

RAN1#104e

Conclusion: For the study of enhancing inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, at least the following aspects can be considered:
· Performance tradeoff between maximizing # consecutive UL slots in one frequency hop (to achieve more DMRS bundling gain) and maximizing # hops (to achieve more diversity gain)
· Note: the maximum # frequency hopping positions is still 2 as in Rel-15/16., which is signaled by startingPRB and secondHopPRB
· Interaction between hopping boundary determination and TDD configuration

Conclusion: For the simulations to study the enhancement of inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, simulation assumptions in 38.830 are reused as a starting point. 
Note: Additional simulation scenarios/assumptions are not precluded.



In this contribution, enhancements related to repetition factor indication and DMRS bundling across PUCCH repetitions are discussed. Evaluation results are presented to demonstrate performance difference among different frequency hopping patterns. A signaling mechanism is proposed to support DMRS bundling for PUCCH.
Dynamic PUCCH repetition factor indication
In RAN1#105e, it was agreed to enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. The details of RRC signaling need to be discussed. As shown below, there are several options to consider when using an RRC to indicate the number of repetitions.
Option 1 : Indicate the repetition factor within PUCCH-Resource
Option 2 : Indicate the repetition factor within PUCCH-ResourceSet for each PUCCH-Resource

Both Option 1 and Option 2 allows indication of any repetition factor for HARQ-ACK indicated by DCI. Option 2 may save some RRC overhead in case the same PUCCH resource would be reused with different repetition factors since other parameters would not need to be duplicated for each repetition factor value. However, Option 1 still seems preferable and future-proof as it allows for PUCCH repetition for other cases than dynamically indicated HARQ-ACK (e.g. for CSI or SPS) without requiring introducing repetition factors in other IE’s.
Thus the following proposal is made.
Proposal 1: In RRC signaling, indicate the repetition factor in PUCCH-Resource
DMRS Bundling for PUCCH repetitions
Background
DMRS bundling is a technique to allow channel estimation using multiple DM-RS symbols across different slots or repetitions. In the presence of time varying fading channels, using DM-RS symbols across slots or repetitions will be beneficial. There are several elements to be considered for DMRS bundling across PUCCH repetitions. Repetitions are applicable to PUCCH format 1, 3 and 4 which can be considered for DMRS bundling [4].
Signalling aspects
As discussed in our companion contribution for PUSCH DMRS bundling [5], to enable joint channel estimation, there should be an expectation from the gNB that the UE maintained power and phase continuity between PUCCH repetitions. Thus, the gNB needs to inform the UE either implicitly or explicitly which PUCCH repetitions that contain DMRS needs to be bundled so that the gNB can perform joint channel estimation. Whether to execute DMRS bundling may be determined based on channel estimates obtained by the gNB. 
As explained in our companion contribution for DMRS bundling support for PUSCH [5, depending on grant types, different signalling mechanism may be needed. For example, DCI which indicates to the UE that DMRS bundling is enabled may be needed if grant is dynamic. Timing of receipt of DCI (e.g., before each PUCCH transmission), needs to be discussed and specified. DCI may be used to signal to the UE to switch DMRS bundling on or off. Disadvantage of dynamic indication of bundling is that it may cost overhead and loss of DCI may cause performance loss and inefficiency for DMRS bundling operation. As PUCCH contains critical messages, the performance loss for failure in preforming DMRS bundling may cause critical system performance loss.
Observation 1: Dynamic indication of bundling (e.g., indicating to the UE to perform power/phase continuity maintenance for the next PUCCH) may cost overhead and loss of DCI may cause performance loss and inefficiency for DMRS bundling operation
Grant dependent signalling for DMRS bundling
One approach to increase efficiency is to organize DMRS bundling via book keeping index, e.g., a bundling group index as explained in our PUSCH contribution [5]. The UE determines to bundle DMRS in PUCCH in configured/dynamic grants if the grant is associated with the same bundling group index. The index can be indicated explicitly or implicitly. For example, the UE can receive configuration RRC or signaling in MAC-CE that associate the index with a configured grant.  The UE may bundle DMRS(s) on configured grants that are associated with the same bundling group index.
Alternatively, the UE may receive semi-static configuration for indexing which can be applied to both configured and dynamic grants  Examples are explained in our PUSCH contributions [5]. The indication can also be used to support DMRS bundling for PUCCH(s) with different types of grants, i.e., dynamic and configured grants.
[bookmark: _Hlk61532729]Observation 2: Considering different grant types for PUCCH (s), an indication mechanism that is adjusted for grant type offers flexibility and robustness
Proposal 2: Support a grant-type dependent index which indicates to the UE which PUCCH repetitions to bundle
Bundle size for PUCCH DMRS bundling
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[bookmark: _Ref71362025]Figure 1 Two inter-slot frequency hopping patterns (K=2,4) for PUCCH repetitions with DMRS bundling
Regarding necessity of additional signaling/configuration of DMRS bundling duration/window and associated size, it may be dependent on the enhancement for frequency hopping patterns for DMRS bundling. In this section, details related to inter-slot frequency hopping are discussed. At least for a frequency hopping pattern where a hop includes all K repetitions, a window associated with a bundle of repetitions can be configured  to enable DMRS bundling. Such configuration can also be applied to joint channel estimation for PUSCH where a time window can be applied to a repetition bundle.
The frequency hopping pattern considered in the evaluation is shown in Figure 1 where the number of repetitions is denoted by K. DMRS bundling is performed across K repetitions during a hop. In the evaluation K=2,4,8 are considered for FDD scenario. Details of evaluation parameters are shown in Appendix. From the evaluation results shown in Figure 2, it is clear that as the number of repetitions per hop increases more gain can be obtained by bundling DM-RS symbols across repetitions. In the evaluation, 11-bit PUCCH format 3 is evaluated and frequency hopping pattern shown in Figure 1 is evaluated. The loss of performance due to mobility is not visible from the evaluation results. Thus, based on the evaluation results, we make the following observations and proposals.
Observation 3: For inter-slot frequency hopping for PUCCH with DMRS bundling, extending the number of repetitions up to K=8 per hop yields significant gain.
Proposal 3: Support a hopping pattern with DMRS bundling where during one hop, all of K repetitions are included
Proposal 4: Support at least K=2,4,8 for the number of repetitions for inter-slot FH with joint channel estimation 
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[bookmark: _Ref71363166]Figure 2 BLER performance of PUCCH, with inter-slot frequency hopping, format 3 with 11 bits with different number of repetitions (K), FDD, 120km/hr, 50MHz BW
In addition, the BLER performance of a frequency hopping pattern shown in Figure 3 where K=4 denotes the number of repetitions in a bundle and M denotes the number of repetitions contained in a sub-bundle hop. The intention of the frequency pattern is to gain additional frequency gain by hopping within a bundle. The performance comparison between the hopping pattern illustrated in Figure 1 and Figure 3 are shown in Figure 4. Both K=4 and K=8 are evaluated and 22-bit format 3 PUCCH was used in the evaluation. For both parameters, one sub-bundle hop (M=2 for K=4 and M=4 for K=8) was evaluated. From the evaluation result, it is clear that performance gain of about 2-3dB at BLER= can be obtained by using the sub-bundle FH pattern.  
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[bookmark: _Ref71621620]Figure 3 An example of a sub-bundle FH pattern, K=4, M=2 (sub-bundle hop duration)
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Figure 4 BLER performance comparison between inter-slot FH and inter-slot sub-bundle FH, 22-bit Format 3 PUCCH
From the evaluation results above, we make the following proposal.
Proposal 5: Support at least one hop within a repetition bundle in inter-slot FH
Conclusion.
The following observations and proposals are made in this contribution.
Observation 1: Dynamic indication of bundling (e.g., indicating to the UE to perform power/phase continuity maintenance for the next PUCCH) may cost overhead and loss of DCI may cause performance loss and inefficiency for DMRS bundling operation
Observation 2: Considering different grant types for PUCCH (s), an indication mechanism that is adjusted for grant type offers flexibility and robustness
Observation 3: For inter-slot frequency hopping for PUCCH with DMRS bundling, extending the number of repetitions up to K=8 per hop yields significant gain.
Proposal 1: In RRC signaling, indicate the repetition factor in PUCCH-Resource
Proposal 2: Support a grant-type dependent index which indicates to the UE which PUCCH repetitions to bundle
Proposal 3: Support a hopping pattern with DMRS bundling where during one hop, all of K repetitions are included
Proposal 4: Support at least K=2,4,8 for the number of repetitions for inter-slot FH with joint channel estimation 
Proposal 5: Support at least one hop within a repetition bundle in inter-slot FH
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Appendix
[bookmark: _Ref61819975]Table 1 PUCCH parameters, FDD
	Parameters
	Values

	Frequency Region
	FR1

	Duplexing mode
	FDD

	Carrier Frequency
	700MHz

	Subcarrier Spacing (kHz)
	15

	Tx  Bandwidth Configuration (MHz)
	20, 50

	Waveform
	DFTsOFDM

	PHY channel
	PUCCH

	Format, Allocation  (# of PRB)
	Format 3, 11/22-bit, 1 PRB, 14 symbols

	Precoder
	None

	HARQ sequence
	None

	Repetition/HARQ scheme
	K=2, 4, 8

	Frequency Hopping
	Enabled, 2 hops

	Antenna Configuration
	1x2 uplink channels (i.e., 1 TX at UE and 2 RX at BS)

	PA impairment
	Ideal

	Channel model (TDL type, DS)
	TDL-C, DS=300ns

	Channel estimation
	Joint channel estimation

	UE mobility
	3km/hr, 120km/hr

	CFO
	Uniformly distributed, 0.1 ppm as upper bound
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