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In RAN#90e, PUCCH enhancements were agreed to be included as part of the normative work [1].

	· 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]



In this contribution, enhancements related to dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetitions are discussed. A signaling mechanism is proposed to support DMRS bundling for PUCCH.
Dynamic PUCCH repetition factor indication
TR 38.830 section 6.2.3 [2] summarizes performance gain and potential specification impact of dynamic PUCCH repetition indication. NR R16 already supports a PUCCH repetition scheme in which a repetition factor of 2, 4 or 8 can be configured separately for each of PUCCH formats 1, 3 and 4. Since a change of repetition factor would require RRC reconfiguration, the network would typically need to configure a value suitable for worst-case channel conditions which results in unnecessary retransmissions of PUCCH most of the time and waste of resource. The benefit of supporting a more dynamic scheme is thus to enable more efficient use of resources.
For the dynamic indication, one can identify the following options:
· MAC signaling
· DCI
MAC signaling has the benefit of avoiding potential additional overhead or loss of flexibility for the DCI. It allows  faster adjustments than RRC and may be sufficient fast to adapt to varying channel conditions in many scenarios. A possible benefit over DCI is that it would allow adapting PUCCH transmissions not controlled by DCI, such as periodic CSI or SR. However, there may be an ambiguity period for the exact time when the UE applies the change, which would complicate resource management for the network.
DCI signaling allows for a different indication for each DCI indicating a PUCCH. There is no possible ambiguity on the number of repetitions that the UE will apply since the number of repetitions is indicated in same message as the resource. Several options are available to indicate the repetition, such as:
· Tying to a coreset, search space or DCI format;
· Introducing new RNTI;
· Introducing new field;
· Adding information to an existing field.

Configuring the number of repetitions by coreset, search space or DCI format does not add overhead but considerably reduces scheduling flexibility. Thus, this option does not seem attractive. Introducing new RNTI does not add to DCI payload but increases probability of false detection and could introduce problems if PUCCH repetition needs to be introduced for transmission not scheduled with C-RNTI. 
The cleanest option is therefore to have the indication in a DCI field. Maximum flexibility could be achieved by introducing a new field at the cost of additional overhead. However, since the PUCCH repetition feature targets UEs that may be in coverage-limited conditions, it would be desirable to not increase the DCI payload and reuse an existing field. A natural choice for this is the PUCCH resource indicator field (PRI) which can already indicate a PUCCH resource out of 8 configured PUCCH resources for a payload-dependent PUCCH resource set. Each PUCCH resource that can be indicated by PRI could be mapped to a different repetition number, allowing the network to select a combination of resource and repetition number without adding any extra overhead in the DCI. This approach would also enable indication by all DCI formats scheduling PDSCH (1_0, 1_1 and 1_2). 
Proposal 1: Support indication of the number of repetitions for PUCCH by DCI scheduling PDSCH.
Proposal 2: RRC can configure the number of repetitions for each PUCCH resource that can be indicated by the PUCCH resource indicator field of a DCI scheduling PDSCH.  
In the above, only PUCCH resources for which the corresponding PUCCH format supports repetitions would be configured with a number of repetitions. 
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 [3].
Support for DMRS bundling
0. Maintenance of phase and power coherency between PUCCH(s)
The following questions are included in LS for RAN4 [4] regarding feasibility of maintenance of power/phase continuity. 
	•Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions
•Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
•Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions



In the work item, whether intra-slot frequency hopping can be supported for DMRS bundling needs to be discussed as intra-slot frequency hopping  may introduce jump in phase or power and the UE may need to perform power/phase maintenance which may consume a few symbols in the slot. 
Proposal 3: Study feasibility of support for intra-slot frequency hopping for PUCCH
Regarding the questions for RAN4, whether the hop occupying the same resource should be bundled or not needs to be studied. As shown in Figure 1, DMRS across hops which are located in separated slots may potentially be bundled to improve channel estimation. Since frequency hops can be scheduled in advance, scheduled power or phase control may be possible.
Observation 1: DMRS bundling across hops in different slots may be beneficial



Figure 1 Bundled DMRS across intra-FH hops for PUCCH
0. Support for DMRS bundling for PUCCH
PUCCH repetitions can be scheduled dynamically or can be transmitted on configured grants.  Repeated PUCCH(s) can be transmitted in the same frequency resources, if frequency hopping is disabled, which eases effort of the UE to maintain power and phase continuity. In addition, if the DMRS are placed in the same frequency resources across repetitions, channel estimation averaging at the gNB becomes more effective. PUCCH repetitions scheduled by configured or dynamic grants should be supported. To maximize flexibility in scheduling, PUCCH repetitions which are transmitted in configured and dynamic grants should be supported to maximize scheduling flexibility for DMRS bundling. 
Proposal 4: Support DMRS bundling across a set of PUCCH repetitions transmitted in configured grants
Proposal 5: Support DMRS bundling across a set of PUCCH repetitions transmitted in dynamic grants
In the following subsection, signalling mechanism to support DMRS bundling is discussed.
0. 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 failure in preforming DMRS bundling may cause critical system performance loss.
Observation 2: 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
In addition, the UE needs to know how long the UE needs to maintain power/phase continuity. For example, the UE may maintain phase/power continuity for the entire repetitions or subset of repetitions that satisfy the feasibility requirements decided by RAN4 in the reply for the LS.
Thus, signalling details should include duration the UE is expected to maintain power/phase continuity. The UE should maintain power and phase coherency between DMRS so that channel estimation performance can be improved by averaging the bundled DMRS at the gNB. As semi-static signalling offers more robust signalling compare to dynamic signalling, the following proposal is made.
Proposal 6: Support at least a semi-static signalling mechanism to indicate to the UE DMRS in the indicated PUCCH repetitions can be used by gNB for joint channel estimation
Grant dependent signalling for DMRS bundling
One approach to increase efficiency to organize DMRS bundling via booking 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 3: Considering different grant types for PUCCH (s), an indication mechanism that is adjusted for grant type offers flexibility and robustness
Proposal 7: Support a grant-type dependent index which indicates to the UE PUCCH repetitions to bundle
Conclusion.
The following observations and proposals are made in this contribution.
Observation 1: DMRS bundling across hops in different slots may be beneficial
Observation 2: 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 3: Considering different grant types for PUCCH (s), an indication mechanism that is adjusted for grant type offers flexibility and robustness
Proposal 1: Support indication of the number of repetitions for PUCCH by DCI scheduling PDSCH.
Proposal 2: RRC can configure the number of repetitions for each PUCCH resource that can be indicated by the PUCCH resource indicator field of a DCI scheduling PDSCH.  
Proposal 3: Study feasibility of support for intra-slot frequency hopping for PUCCH
Proposal 4: Support DMRS bundling across a set of PUCCH repetitions transmitted in configured grants
Proposal 5: Support DMRS bundling across a set of PUCCH repetitions transmitted in dynamic grants
Proposal 6: Support at least a semi-static signalling mechanism to indicate to the UE DMRS in the indicated PUCCH repetitions can be used by gNB for joint channel estimation
Proposal 7: Support a grant-type dependent index which indicates to the UE PUCCH repetitions to bundle
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