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Introduction
RAN #90e agreed on enhancements for extending coverage of PUCCH [1] by dynamic indication of PUCCH repetition factor and DMRS bundling across PUCCH repetitions. This document presents our views on such enhancement techniques. 
	· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]



Dynamic Indication of PUCCH Repetition Factor
To be able to adjust the PUCCH repetition factor with minimal delay, NR should support dynamic indication of PUCCH repetition factor via DCI. One approach is to send this indication by the DCI that schedules associated PDSCH (for PUCCH carrying Ack/Nack). However, it is also useful to have dynamic indication of PUCCH repetition factor for other PUCCH (e.g., PUCCH carrying CSI report). Also, in some scenarios, the channel condition (or the interference) that causes the need for PUCCH repetition may persist for a while. In this case, semi-persistent indication of PUCCH repetition factor can be useful.  
Proposal 1: Support dynamic indication of PUCCH repetition factor via DCI.
· [bookmark: _Hlk61599017]FFS: whether it is via DCI scheduling the associated PDSCH (for PUCCH carrying Ack/Nack) or other DCI
· FFS: whether the indication is only for one instance or it is semi-persistent.
Dynamic indication of PUCCH repetitions can be explicit or implicit (based on another dynamic indication). In some scenarios (e.g., some scenarios in FR2), the quality of the channel may be dependent on the beam and it may be useful to assign different repetition factors for different beams. In this case, dynamic indication of the beam (i.e., the beam switching command) can implicitly change the de facto PUCCH repetition factor. 
Proposal 2: Support implicit indication of PUCCH repetition factor based on beam selection.
To address different requirements of different UCI sizes and PUCCH formats, it is useful to have different repetition factors for them. To avoid excessive dynamic signaling, it is useful to have the option of a single dynamic indication of PUCCH repetition factor with different interpretations for different PUCCH formats and UCI sizes. This can be achieved by using RRC configuration for determining different interpretations of dynamic Indication of PUCCH repetition factor. For example, as shown in the table below, different PUCCH resource sets can be associated with different sets of possible dynamic PUCCH repetition factor, and the dynamic indication can indicate the index of the selection (which can have different meaning for different resource sets).

	PUCCH Repetition Factor Indication
	PUCCH Resource Set #1
	PUCCH Resource Set #2

	0
	2
	2

	1
	4
	8


Table 1 Interpreting PUCCH Repetition Factor Indication
[bookmark: _Hlk61860438][bookmark: _Hlk61599417]Proposal 3: Support different interpretations of a single dynamic indication of PUCCH repetition factor, for different PUCCH formats and UCI sizes, or different PUCCH resource sets. 
· [bookmark: _Hlk61775326]Support RRC configuration for determining different interpretations of dynamic indication of PUCCH repetition factor, based on the associated PUCCH resource set.
DMRS Bundling across PUCCH Repetitions
[bookmark: _Hlk23927392]DMRS Bundling Configuration
DMRS bundling across PUCCH repetitions requires the UE to maintain phase continuity across PUCCH repetitions which are subject to phase continuity conditions discussed in Section 3.2. Maintaining the same frequency resource usage is likely to be one of the prerequisites for DMRS bundling. Given that frequency resources assigned to a PUCCH is part of PUCCH resource configuration, it is reasonable to configure DMRS bundling across PUCCH repetitions per PUCCH resource. Furthermore, the DMRS bundling should not support bundling of DMRS of one PUCCH format with DMRS of a different PUCCH format. 
Proposal 4: PUCCH DMRS bundling is configured per PUCCH resource.
Proposal 5: PUCCH DMRS bundling is not supported across PUCCHs of different formats.
A UE is required to maintain phase continuity across bundled PUCCH repetitions to achieve the promising gain of PUCCH DMRS bundling at gNB. At a first glance it may seem that it is fine for the network to assume that the UE maintains phase continuity across all scheduled PUCCH transmissions subject to the phase continuity conditions. However, from a UE perspective, the UE typically performs some (periodic) events such as uplink tracking loop updates (e.g., frequency tracking), UE calibration, antenna virtualization etc., at the slot boundary. Such events are transparent to the network and are expected to impact phase continuity. If the UE must maintain phase continuity across scheduled PUCCH transmissions for a very long period, the UE may have to forgo such events leading to possible performance degradation. For instance, if a UE forgoes frequency tracking, frequency drift accumulates over time and eventually begins impacting UL performance. It is therefore beneficial to define a bundling window over which the PUCCH transmissions may be bundled. The gNB should not expect the UE to bundle PUCCH repetitions scheduled outside the bundling window. 
As an additional motivation for the need for defining a clear bundling window, we draw attention to the way the current specification identifies slots for PUCCH repetition. As per the text in Section 9.2.6 of 38.213, for unpaired spectrum, the slots for transmitting a PUCCH repetition are identified as those slots that have flexible or uplink symbols right from the starting symbol to the total length of a PUCCH transmission as given by the number of symbols in PUCCH format 1 or 3 or 4. This process is illustrated in the figure below, where prior to the beginning of the first PUCCH transmission, a set of slots for repetitions are identified based on the available symbols. This list of slots is then not revisited even if there is a subsequent change in slot format or a cancellation. 

[image: ]
Figure 1 PUCCH Repetitions

This process can lead to a large variability in the span or total duration of PUCCH repetitions, as seen in the following figure.
[image: ]
Figure 2 Span of PUCCH Repetitions as a function of slot pattern
Given the potentially large variability in the span of the repetitions, it is challenging for the UE to plan and maintain phase coherence across multiple slots. A more controlled approach to bundling is required beyond a simple bundling activation signal. We propose to explicitly define a bundling window during which the UE is expected to maintain phase coherence subject to certain UE capability constraints. The bundling window’s exact placement and starting position can be further studied. 
Based on the above discussion, we make the following proposals:
Proposal 6: Define a bundling window over which the UE may bundle DMRS of PUCCH repetitions according to phase continuity requirements.
· FFS: how to indicate the bundling window configuration (e.g., start, duration and periodicity).
Proposal 7: The UE is not required to bundle DMRS of the PUCCH repetitions scheduled outside of the bundling window.
[bookmark: _Ref61622196]Phase Continuity Requirements
The UE is required to maintain phase continuity across the bundled PUCCH transmissions to achieve the promising gain of PUCCH DMRS bundling. Phase continuity requirements for DMRS bundling across PUCCH repetitions are expected to be similar to those defined for DMRS bundling across PUSCH repetitions as discussed in [2]. Hence, we make the following observation:  
Observation: Phase continuity requirements for DMRS bundling across PUCCH repetitions can be leveraged from the requirements for joint channel estimation for PUSCH repetitions.
Conclusion 
This document presents our views on dynamic indication of PUCCH repetition factor and DMRS bundling across PUCCH repetitions to extend PUCCH coverage. In particular, we have made the following observations and proposals: 
On dynamic indication of PUCCH repetition factor
Proposal 1: Support implicit indication of PUCCH repetition factor, based on beam selection.
Proposal 2: Support dynamic indication of PUCCH repetition factor via DCI.
Proposal 3: Support different interpretations of dynamic Indication of PUCCH repetition factor for different PUCCH formats and UCI sizes
· Support RRC configuration for determining different interpretations of dynamic Indication of PUCCH repetition factor.
On DMRS bundling across PUCCH repetitions
Proposal 4: PUCCH DMRS bundling is configured per PUCCH resource.
Proposal 5: PUCCH DMRS bundling is not supported for PUCCHs of different formats.
Proposal 6: Define a bundling window over which the UE may bundle DMRS of PUCCH repetitions according to phase continuity requirements.
· FFS: how to indicate the bundling window configuration (e.g., start, duration and periodicity).
Proposal 7: The UE is not required to bundle DMRS of the PUCCH repetitions scheduled outside of the bundling window.
Observation: Phase continuity requirements for DMRS bundling across PUCCH repetitions can be leveraged from the requirements for joint channel estimation for PUSCH repetitions.
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