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Introduction
In this contribution, we discuss potential enhancements on PUCCH operation based on the bottlenecks found in [1] and [2].  We consider repetition and dynamic repetition of PUCCH as well as DMRS-less PUCCH transmission and its relation to advanced receivers with improved channel estimation. 
Discussion
As observed in [1] and [2], for the uplink, PUSCH data and CSI on PUSCH may be coverage bottlenecks. Potential areas of enhancement for PUSCH is discussed in [3]. Here we focus on PUCCH enhancements.
Observation:
· PUSCH data and, to a lesser degree, CSI on PUSCH appear to be the primary coverage bottlenecks
Proposal:
· Further study coverage enhancement for CSI on PUCCH
CSI on PUCCH
Slot-based PUCCH repetition has been supported in NR Rel-15 and persistent and semi-persistent CSI can be repeated in each PUCCH repetition. 
As indicated from the simulation results illustrated in Figure 1, around 5 dB gain can be achieved with up to 8 repetitions of CSI (6+5 bits) on PUCCH for mid-band. The setup of the link level simulation is provided in table 1 of Appendix 1.
In Figure 2 in [4], the Maximum isotropic loss results for CSI repetition on PUCCH are also provided from system level simulation with the same methodology used in [1], where the gains are around 3-3.5 dB, slightly lower than those seen in link level simulation due to the reduction in antenna gain for the lower SINR operating points. It may also be noted that these numbers are somewhat coarse since there are few UEs in the system at these very low SINR operating points.
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[bookmark: _Ref32832971]Figure 1. CSI repetition on PUCCH.
According to above, we have following observation.
Observation:
· With 8 PUCCH repetitions, it provides around 5dB gain than without repetition and the SNR is already quite low at 10% target BLER
Another issue is that the PUCCH repetition in NR release 16 can only be configured semi-statically, which is also tied to PUCCH format and only applicable to long PUCCH (formats 1, 3, or 4). To improve the CSI coverage on PUCCH, it should be possible to perform PUCCH repetition dynamically based on coverage enhancement need. 
Proposal:
· Further consider the support of dynamic repetition of PUCCH
DMRS-less transmission
Channel estimation can significantly impact performance especially for small payload physical channels such as CSI on PUCCH. Therefore, schemes that can be more robust to imperfect channel estimation may be of interest, including those without DMRS [5]. These schemes may use channel coding that can function with non-coherent reception in order to improve the robustness to channel estimation. They may be further motivated by observations that some symbol sequences of the Reed-Muller code are different only by a single complex phase rotation.  
Reception for such coding may require advanced receivers, such as those that hypothesize all combinations of the information bits and then comparing the received signal against each combination.  These receivers can use the entire received signal to form a hypothesis, whereas conventional reception first forms a channel estimate using only the DMRS prior to decoding. Therefore, the ability of hypothesis based reception to use more of the received signal can improve performance over conventional reception at low SNRs limited by channel estimation. However, advanced receivers can be used on existing channel codes such as the Reed Muller code used on the PUCCH. Therefore, it is important to quantify the gains of advanced reception independently of the gains from new channel coding. 
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Figure 2. Data-aided channel estimation on PUCCH.
Results are shown above comparing PUCCH format 3 using Rel-15 channel coding to a ‘DMRS-less’ design using channel coding based on a Gold code. Both a hypothesis based advanced receiver and a conventional receiver are used for the Rel-15 PUCCH format, where 2 DMRS are used with the advanced receiver due to its reduced dependency on DMRS, while 4 DMRS is used for best performance with conventional reception. The required SNR is shown for payload sizes varying from 3-11 bits are tested at 700 MHz with 2 and 4 gNB in 30ns and 300ns TDL-C, respectively. Additional simulation parameters are provided in table 2 in Appendix 1. The required SNR is given for both 1% and 10% BLER. It can be seen that the advanced receiver has roughly 1-2 dB gain over conventional reception, depending on the BLER target and payload size. However, the Gold code has essentially the same performance as the Rel-15 channel code with the advanced receiver.  
While advanced receivers can improve performance, they are naturally more complex. Therefore, it could be further studied if enhancements to PUCCH transmission schemes could facilitate less complex advanced receivers. When considering this complexity, it should be remembered that PUCCH is not likely to consume much UL resource by its nature as a control channel. Therefore, complexity optimizations will have proportionately less benefit to the overall gNB receiver design.
Observations:
· Reception performance can be significantly improved by using advanced rather than conventional receivers on Rel-15/16 PUCCH
· Gains on the order of 1-2 dB are possible depending on factors such as payload size, BLER target, and channel conditions.
· The performance benefit of different channel coding from Rel-15/16 for PUCCH is not clear.
· The better performance of ‘DMRS-less’ schemes and/or advanced receivers is likely to come with the cost of higher complexity, and therefore their complexity should be jointly studied with their performance gain.
Proposal:
· Only PUCCH enhancement schemes that provide sufficient gain in terms of performance and/or complexity relative to advanced receivers using Rel-15/16 PUCCH transmission are considered as candidates for specification.
Summary
In this contribution, potential PUCCH enhancement and our views on the DMRS-less PUCCH are discussed, based on which following observations are identified.
Observations:
· PUSCH data and, to a lesser degree, CSI on PUSCH appear to be the primary coverage bottlenecks
· With 8 PUCCH repetitions, it provides around 5dB gain than without repetition and the SNR is already quite low at 10% target BLER
· Reception performance can be significantly improved by using advanced rather than conventional receivers on Rel-15/16 PUCCH
· Gains on the order of 1-2 dB are possible depending on factors such as payload size, BLER target, and channel conditions.
· The performance benefit of different channel coding from Rel-15/16 for PUCCH is not clear.
· The better performance of ‘DMRS-less’ schemes and/or advanced receivers is likely to come with the cost of higher complexity, and therefore their complexity should be jointly studied with their performance gain.
Proposals:
· Further study coverage enhancement for CSI on PUCCH.
· Further consider the support of dynamic repetition of PUCCH.
· Only PUCCH enhancement schemes that provide sufficient gain in terms of performance and/or complexity relative to advanced receivers using Rel-15/16 PUCCH transmission are considered as candidates for specification.
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Table 1: Basic setup of LLS for CSI repetition on PUCCH
	System
	· Carrier frequency 4 GHz
· 30 kHz SCS
· TDD
· 100 MHz BWP (273 PRBs)

	Channel
	· TDL-C (NLoS), 300ns delay spread, medium correlation

	Antennas
	· 1T4R

	Receiver
	· Practical channel estimation
· Channel analyzer method: PDP based
· Doppler estimator type: Ideal

	Frequency hopping
	· Enabled



Table 2: Basic setup of LLS for DMRS-less transmission on PUCCH
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· 2*10 MHz BWP (2*52 PRBs)

	UE speed
	· 3kph

	Payload
	· 11 bits on 1 PRB, 14 Symbols

	Channel
	· TDL-C (NLoS), 30, 300ns delay spread, medium correlation

	Antennas
	· 1T2R, 1T4R

	Frequency hopping
	· Enabled
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