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1 [bookmark: _Ref521334010]Introduction
At RAN#86 meeting, a new Rel-17 SI on NR coverage enhancement was approved [1]. One of the objectives of this study item is to identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements:
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
In this contribution, we provide our initial considerations on potential solutions for PUCCH.
2 Discussion
According to the simulation results shown in [2], PUCCH is the bottleneck channel only in limited scenarios, e.g. rural scenario with ISD=6km and frequency carrier=2GHz, wherein up to X dB gap needs to be compensated. In this section, we provide some potential solutions to enhance the PUCCH coverage.
Time domain enhancement 
Repetition is an effective way for transmission reliability and coverage enhancement. For PUCCH format 1/3/4, multiple slots can be configured for a PUCCH transmission by higher layer parameter nrofSlots. However, the coverage is still problematic in some scenarios even if 8 repetitions are enabled. One straightforward way is to allow PUCCH repetition with a larger number, e.g. Y. Also, it should be carefully considered the penalty of increasing the repetition number as it may result in more overhead and higher possibility of collision among uplink channels. One potential way to alleviate the shortages of introducing more repetitions is to indicate the PUCCH repetition number dynamically according to the channel condition.
Spatial domain enhancement
Currently, only one antenna port can be used for PUCCH transmission. One possible way is to increase the number of antenna port in order to obtain diversity gain, which can further improve the coverage. Different transmit diversity schemes can be considered for different PUCCH formats if necessary. One typical way is reuse SORTD as specified in LTE. It is a simple way with introducing limited specification impacts but consuming double PUCCH resources. It may need to re-evaluate whether the overhead can be accepted in NR. 
One antenna port pre-coder cycling can also realize diversity gain without increasing antenna port. It is totally transparent and UE can determine the pre-coder cycling pattern freely. As shown in Figure 1, UE can use two or more pre-coders in time domain or frequency domain. Since the pre-coder is added to the information bits after modulation and coding, it is completely transparent to the gNB, which has no impact on the standard. Figure 2 shows that 1 dB diversity gain can be achieved compared with PUCCH transmitted w/o pre-coder cycling even only two pre-coders are applied to different resources. The detailed simulation assumptions are provided in annex.



(a) PUCCH repetition with pre-coder cycling in time domain


(b) PUCCH with pre-coder cycling in frequency domain
Figure 1: PUCCH with pre-coder cycling
[image: cid:image001.jpg@01D669B9.FAAE1FF0]
Figure 2: performance of PUCCH format 3 with one port pre-coder cycling
DMRS enhancement
Coverage can be enhanced by improving the accuracy of channel estimation.
DMRS bundling can be used for multi/cross-slot channel estimation when transmitting a long PUCCH in consecutive slots e.g. PUCCH repetition is enabled. As shown in figure 3, long PUCCH is repeated and each 2 PUCCHs are bundled for joint channel estimation to achieve more accurate estimation without increasing DMRS overhead. It is also feasible for a gNB to handle the cross-slot channel estimation even if several PUCCHs carrying different UCIs since only DMRS is used for channel estimation. The PUCCH bundle size can be FFS.


Figure 3: DMRS bundling with 2 slots
In addition, DMRS bundling can be combined with time spacial diversity (TSD) as shown in figure 4. However, large number of PUCCH repetition may need to be configured in this condition and the gain of the cross-slot channel estimation may be tiny compared with diversity gain. 


Figure 4: DMRS bundling combined with TSD
Observation 1: Transmission repetition, transmit diversity and DMRS bundling can be considered to improve the coverage of PUCCH.
Proposal 1: One antenna port pre-coder cycling can be used for PUCCH to obtain diversity gain.
3 Conclusion
In this contribution, we provided our view on method for coverage enhancement with the following proposals.
Observation 1: Transmission repetition, transmit diversity and DMRS bundling can be considered to improve the coverage of PUCCH.
Proposal 1: One antenna port pre-coder cycling can be used for PUCCH to obtain diversity gain.
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Annex
	Parameters
	values

	Carrier frequency
	4 GHz

	Bandwidth
	20 MHz

	PHY resources
	1 PRB 

	PUCCH format
	3

	Number of UCI bits
	8 bits

	Number of symbols
	14 symbols

	Number of UEs
	1

	Channel model
	TDL-C with delay spread: 300ns

	UE speed:              
	3 km/h 

	Number of physical antennas
	2Rx, 1Tx or 2Tx

	Antenna ports
	1

	SCS
	30 kHz

	Channel estimation
	Practical

	Noise estimation
	true

	Frequency hopping
	On
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