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Introduction
A work items on NR coverage enhancement was approved [1]. One of objectives of this work item is PUCCH enhancements such as
· Specify signalling mechanism to support dynamic PUCCH repetition factor indication
· Specify mechanism to support DMRS bundling across PUCCH repetitions
This document provides our view on PUCCH enhancement.
Discussion
Dynamic PUCCH repetition factor indication
In Rel.15/16, the number of PUCCH repetitions is semi-statically configured and single number of PUCCH repetitions is configured for all PUCCH formats and all PUCCH resources. However, it was observed in study item phase that the coverage requirement for PUCCH depends on the PUCCH formats and/or the UCI payload size. The PUCCH formats and/or the UCI payload size may be changed dynamically based on the data size and/or resource availability. Therefore, in Rel.17, dynamic PUCCH repetition factor indication is supported and signaling mechanism to indicate the number of repetitions is specified. For the signaling of dynamic PUCCH repetition factor, following options can be considered
· Option 1: Explicit DCI indication,
· Option 2: To indicate it in the PUCCH resource set.
Option 1 would provide much flexibility at the cost of DCI overhead. For option 2, PUCCH repetition factor can be indicated as an additional parameter in the PUCCH resource set. This does not increase the DCI overhead and provides dynamic indication with limited number of combination than Option 1. In our view, in the consideration of trade-off between DCI overhead and flexibility, Option 2 is preferred.
Proposal 1: For dynamic PUCCH repetition factor indication, repetition factor is indicated in the PUCCH resource set.

Support DMRS bundling across PUCCH repetitions
In poor channel conditions, improving channel estimation performance is essential enhancement. Current specification allows the channel estimation only within a slot because phase continuity between slots at the UE transmitter is not ensured. In Rel.17, in addition to utilizing the PUCCH repetition, it has been recommended to support DMRS bundling across PUCCH repetitions. In order to support DMRS bundling across PUCCH repetitions, power consistency and phase continuity between PUCCH repetitions needs to be ensured. In RAN1#103e, it was agreed to ask RAN4 what conditions UE can keep phase continuity across PUCCH/PUSCH repetitions and power control tolerance level across PUCCH/PUSCH repetitions. The example condition would be slot boundary, segmentation due to DL symbols or higher priority UL symbols. Although the detailed condition is up to RAN4 discussion/reply, our expectation is at least when the transmission power is not changed across PUCCH repetitions, phase continuity would be kept with some exceptions such that there is no DL reception and gap between PUCCH transmissions is not very long. In Rel.13 eMTC/NB-IoT, just not to transmit anything in SRS symbol can be kept phase continuity based on the assumptions that PA is kept, while only baseband is off for the reservation of a symbol for SRS transmission from other UEs. Therefore, the DMRS bundling does not mandate back-to-back transmission at least when UE transmits PUCCH repetitions across consecutive slots.
Proposal 2: For DMRS bundling across PUCCH repetitions, whether back-to-back transmission is mandated or not is decided based on RAN4 guidance.

In Rel.15/16, same DMRS configuration should be used among slots or repetitions. However, same DMRS pattern in every slot/repetition may not be optimal for joint channel estimation across PUCCH repetitions. In the discussion on joint channel estimation for PUSCH enhancement, potential optimization of DMRS location/granularity in time domain is not precluded. In our previous evaluation for PUSCH [2], it was observed that for joint channel estimation over multiple slots, DMRS distribution over the multiple slots is important for the trackability to channel variation to provide good averaging and interpolation effect. Although optimization of DMRS location/granularity is beneficial, to study the additional DMRS pattern for the PUCCH repetitions would need much specification effort. Therefore, optimization of DMRS location/granularity should be specified only if the significant gain is identified.
Proposal 3: Optimization of DMRS location/granularity should be specified only if the significant gain is identified.

How to enable DMRS bundling and how to signal the length of DMRS bundling, i.e., the number of PUCCH repetitions for joint channel estimation, should also be specified. In addition, a combination of inter-slot frequency hopping with inter-slot bundling for enabling joint channel estimation is also considered. In order to allow joint channel estimation, PRB position should be the same during at least the period of joint channel estimation. In eMTC. the period of joint channel estimation and the period of inter-slot frequency hopping are cell level configuration. However, in NR, it would be difficult to use cell level configuration as more flexibility would be required.
Proposal 4: The length of DMRS bundling, i.e., the number of PUCCH repetitions for joint channel estimation and the period of inter-slot frequency hopping can be the same.
Proposal 5: The indication to enable DMRS bundling and the length of DMRS bundling are UE-specific configuration.
Link-level simulation
Figure 1 shows the BLER performance of PUCCH repetition with enabled and disabled DMRS bundling. The length of DMRS bundling is same as the number of repetitions. The detailed parameters for link level simulation are listed in the Appendix A. In this evaluation, DTX detection is not taken into account. Table 1 summarizes the required SNR for achieving BLER=10-2. It was observed that DMRS bundling can achieve an improvement of 0.7~3.4 dB gain compared to Rel.15 PUCCH repetition (i.e., without DMRS bundling).
Table 1: Required SNR for achieving BLER=10-2
	Number of repetitions
	2
	4
	8

	DMRS bundling
	Enabled
	Disabled
	Enabled
	Disabled
	Enabled
	Disabled

	11-bit UCI
	-8.2 dB
	-7.0 dB
	-11.2 dB
	-8.8 dB
	-14.0 dB
	-10.6 dB

	22-bit UCI
	-4.6 dB
	-3.9 dB
	-7.5 dB
	-5.7 dB
	-10.4 dB
	-7.7 dB
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(a) 11-bit UCI payload                                              (b) 22-bit UCI payload
Fig.1. Link-level simulation results on DMRS bundling
Conclusion
In this contribution, we provide our view on PUCCH enhancement. We made following proposals.
Proposal 1: For dynamic PUCCH repetition factor indication, repetition factor is indicated in the PUCCH resource set.
Proposal 2: For DMRS bundling across PUCCH repetitions, whether back-to-back transmission is mandated or not is decided based on RAN4 guidance.
Proposal 3: Optimization of DMRS location/granularity should be specified only if the significant gain is identified.
Proposal 4: The length of DMRS bundling, i.e., the number of PUCCH repetitions for joint channel estimation and the period of inter-slot frequency hopping can be the same.
Proposal 5: The indication to enable DMRS bundling and the length of DMRS bundling are UE-specific configuration.
Reference
[1] RP-202928, “New WID on NR coverage enhancement,” China Telecom, RAN#90e, December 2020.
[2] R1-2008378, “Discussion on PUSCH coverage enhancements,” Panasonic, RAN1#103e.
Appendix A: Simulation parameters
	General simulation parameters

	Scenario
	FR1, Rural

	Frequency
	4 GHz (TDD)

	Frame structure for TDD
	DDDSUDDSUU (S: 10D:2G:2U)

	Pathloss model
	NLOS

	BWP
	100 MHz

	SCS
	30 kHz

	gNB modelling in LLS
	4 gNB receive chains

	Channel model
	TDL-C for NLOS

	Delay spread
	300 ns

	UE velocity
	3 km/h

	PUCCH evaluation parameters

	Target BLER
	1% BLER

	Number of UE transmit chains
	1

	PUCCH format
	PUCCH format 3

	PRBs
	1 PRB

	UCI payload size
	11, 22 bits

	Duration
	14 OFDM symbols

	Frequency hopping
	Disabled

	DMRS configuration
	2 DMRS symbols

	Repetition
	2, 4, 8 repetitions
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