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Introduction
A new work item NR coverage enhancement was approved [1]. According to the WID, objectives of PUCCH enhancements are as follows in RAN1 perspective.
	· 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, we discuss on DMRS bundling and dynamic PUCCH repetition factor indication.

DMRS bundling
For DMRS bundling across PUCCH repetition, we discuss on consistency, DMRS bundling unit and DMRS bundle size.

Consistency 
According to the agreement of RAN1#103-e, it is necessary to maintain the same phase, power, and frequency within the DMRS bundle.
Phase
It was agreed that the phase coherence of both the transmitter and the receiver should be guaranteed. However, it is quiet unclear that the definition of phase coherence and what features are needed to support it. If this phase coherence means limitation of beam change, RF adjustment, etc., beam change or RF adjustment should not be configured for the time resources grouped as same DMRS bundle, i.e., the UL Tx precoder and the UL spatial filter should be maintained. In a word, it need to be discussed detailed definition of the phase consistency.
Power
The Rel-16 PUCCH power control is set for a transmission occasion, and each PUCCH in a repetition receives an independent transmission occasion. That is, different power control may be indicated for each occasion of PUCCH repetition, and thus it may be difficult to maintain the power of the DMRS bundle. 
The Rel-16 PUCCH power control is configured individually according to the transmission occasion, and each repeated PUCCH receives an individual transmission occasion. That is, it is possible to configure different power control for each repeated PUCCH, so that maintaining same power level of the DMRS bundle could need special management. To resolve this, an alternative can be considered that power control commands can be limited not to be applied within the DMRS bundle. That is, the TPC command should not be applied within the DMRS bundle.
Frequency
In order to maintain the frequency consistency, discussion about frequency hopping is inevitable. To apply the same frequency within the DMRS bundle, intra-slot frequency hopping should not be configured. In addition, inter-slot frequency hopping needs to be enhanced. In Rel-16, when inter-slot frequency hopping is configured, hopping is performed according to slot index of each transmission occasion. As an alternative, applying DMRS bundle as an unit of inter-slot frequency hopping can be considered when DMRS bundle and inter-slot frequency hopping is configured at the same time.

In addition to the above-mentioned items, it is considered that the TA command should be maintained within the DMRS bundle. It is necessary to discuss whether there are additional items required for the application of DMRS bundles. Also, the amount of consistency of each item should be discussed.

Proposal 1: It could be discussed what should maintain consistency within the DMRS bundle and the amount of consistency

DMRS bundle unit
It is necessary to discuss the units that can be configured to be the DMRS bundle. The DMRS bundle may consider the following two options according to the aforementioned consistency condition: 
· Only for consecutive slots
· Allowed for non-contiguous slots (within a predefined time duration).
Configuring the DMRS bundle only for consecutive slots is one of the simplest configuration of DMRS bundle. However, due to the TDD configuration, the DMRS bundle is expected not to be configured frequently with only allowed for consecutive slots, therefore expected performance gain by DMRS bundle could be limited.
On the other hand, it is possible to consider configuring the DMRS bundle for slots that are not continuous in time, for example, within a specific time period. It might be limited to some cases since the phase, power, timing, frequency, etc. should be maintained to be same for a relatively longer period of time than to apply only to consecutive slots. However, depending on definition of the consistency of DMRS bundle, it can be feasible to maintain power, frequency, timing, etc. In that case, despite TDD configuration, more DMRS bundles can be set, therefore performance gains could be expected. In order to improve performance through the introduction of the DMRS bundle, it would be important to set up a lot of the DMRS bundle itself, so the second proposal is preferable.

Proposal 2: Discuss DMRS bundle configuration in terms of DMRS bundle unit.
· Alt. 1: Only for consecutive slots
· Alt. 2: Allowed for non-contiguous slots (within a predefined time duration).

DMRS bundle size
The DMRS bundle size may or may not be variable. In other words, it is possible to consider the case of using one DMRS bundle size and using multiple sizes in the network.
It can be assumed that single DMRS bundle size is adopted, which is likely to limit the performance of DMRS bundle. Since each of the UEs within a cell can have different speed and channel environment, it could be a burden for certain UE to maintain the consistency level of requirement for configured DMRS bundle, or it could be a limitation of resource utilization for another UE at the same time. Conversely, when the bundle size is variable, that is, when multiple DMRS bundle sizes are used within a cell, it can be used according to the situation of the UE and the gNB, so it can be free from those limitation. Therefore, it is desirable to set DMRS bundle size to be configurable within a cell with UE specific manner.
In case of the multiple DMRS bundle size, a discussion on determining which DMRS bundle size at which level is required. For example, it is possible to change the DMRS bundle size according to the PUCCH format similar to the repetition number. Or, it is possible to be considered that variable setting according to the PUCCH resource or UCI types. Further discussion is needed.

Proposal 3: Discuss whether single value of DMRS bundle size is applied for all PUCCH resource(s) or UCI type(s), or multiple values of DMRS bundle size can be configured for PUCCH resource(s) or UCI type(s).

Dynamic indication
In Rel-16, it is defined that PUCCH repetition is configured at the PUCCH format which is indicated by higher layer signal. Considering the transmission characteristics of the PUCCH in TDD, one considerable problem occurs that only available UL slots can be transmitted and the configured number of repetition should be transmitted on them. That is, the complete of PUCCH repetition transmission will take too much time which can be a problem in terms of the latency. So, in SI phase, dynamic indication of PUCCH repetition was proposed from multiple companies. It can be resolved by indicating the number of repetitions variably according to the available resources of the TDD configuration, which leads appropriate balance between coverage enhancement and latency can be maintained. Conversely, it is considerable that the UE may need more repetition than configured number when the reception SNR is lowered in accordance of the change of the channel environment and/or speed of UE. In that case, a new repetition should be configured after complete of the current PUCCH repetition, which also lead latency problem. Therefore, it is desirable to indicate repetition of PUCCH dynamically. Also, dynamic indication of PUCCH repetition can be considered for resource efficiency. If it is agreed to adopt dynamic indication for PUCCH repetition, it needs to be discussed how to indicate the number of PUCCH repetition, and which format is applied.
A possible solution for dynamic indication is to use existing field in DCI or to define new field in DCI. In our view, it can be based on a method of reusing the PRI field, or a method of introducing a new field for repetition indication. In detail, indicating repetition by modifying the existing PRI table or defining a new bit field can be a solution. Also, there can be another solutions which are open to be discussed.

Proposal 4: Discuss on a dynamic indication of repetition based on DCI by extending the following two alternatives:
· Reusing the PRI field
· Introducing a new field for repetition indication

Conclusion
In this contribution, a view on coverage enhancement for PUCCH is provided. From the discussion, we obtained following proposals.

Proposal 1: It could be discussed what should maintain consistency within the DMRS bundle and the amount of consistency

Proposal 2: Discuss DMRS bundle configuration in terms of DMRS bundle unit.
· Alt. 1: Only for consecutive slots
· Alt. 2: Allowed for non-contiguous slots (within a predefined time duration).

Proposal 3: Discuss whether single value of DMRS bundle size is applied for all PUCCH resource(s) or UCI type(s), or multiple values of DMRS bundle size can be configured for PUCCH resource(s) or UCI type(s).
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