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Introduction
In this contribution, we discuss potential enhancement on PUCCH based on the bottlenecks found in [1] and [2], including support of A-CSI on PUCCH and dynamic repetition of PUCCH. Potential benefits of DMRS-less PUCCH transmission are also investigated through link simulation of data-aided 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
CSI on PUCCH
In NR Rel-15 three types of CSI reporting, periodic CSI reporting (P-CSI), semi-persistent CSI reporting (SP-CSI) and aperiodic CSI reporting (A-CSI), were supported. P-CSI and SP-CSI can be transmitted on PUCCH, but A-CSI can only be transmitted on PUSCH. System level simulation results provided in [1] show that the estimated maximum isotropic loss of CSI on PUSCH is 2dB less than CSI on PUCCH, becoming one of the most limiting channels for cell coverage. However, the CSI coverage bottleneck can be resolved by the support of A-CSI on PUCCH.
Observation:
· The estimated maximum isotropic loss of CSI on PUSCH is worse than CSI on PUCCH, becoming one of the most limiting factors for cell coverage.

As captured below, it was discussed in R15 RAN1#90b how to trigger A-CSI on PUCCH, but in RAN1#91 it was agreed that A-CSI on short PUCCH was not supported in Rel-15 due to lack of consensus.
	Agreement:
For A-CSI on short PUCCH with single CSI report, downselect from the following:
Alt 1:
The CSI report is triggered with CSI request field in DL-related DCI
· UE-specific or UE-group-specific DCI is to be discussed in control channel session
PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources
Alt 2:
Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used
Alt 3:	
Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI
Agreements (email):
· For triggering A-CSI on short PUCCH, the scheme(s) are to be decided by control channel and/or scheduling/HARQ session(s) in RAN1#91. 
· Choose at least one from Alt1, Alt2, and Alt3
· In choosing the scheme(s), consider CA (multi-cell) operation as well as transmission of HARQ-ACK and A-CSI in separate TDMed short PUCCH allocations and in a same short PUCCH allocation



In our view, the aforementioned alternatives can be used as the basis for further study on signaling support of A-CSI on PUCCH. 
Furthermore, slot-based PUCCH repetition has been supported in NR Rel-15 and P/SP-CSI can be repeated in each PUCCH repetition. Support of A-CSI repetition on PUCCH can have A-CSI performance on par with P/SP-CSI.
As indicated from the simulation results illustrated in Figure 1, where around 4.5 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 3 in [3], 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 slightly lower (around 3.5 dB) than those seen in link level simulation due to the reduction in antenna gain for the lower SINR operating points.
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[bookmark: _Ref32832971]Figure 1. CSI repetition on PUCCH.
According to above, we have following proposal.
Proposal:
· Consider support of A-CSI on PUCCH
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 [4]. Herein, we try to gauge the potential benefit of improved channel estimation as a way to get a first order estimate of the need for new mechanisms and the benefit of various channel estimator implementation alternatives. 
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Figure 2. Data-aided channel estimation on PUCCH.
Results are shown for an 11 bit PUCCH format 3 reception at 700 MHz with 2 gNB antennas using ideal channel estimation (the ‘Ideal’ curve in the plot), for an ‘optimistic’ channel estimator where some channel characteristics are assumed known and channel estimation based on data sequence hypotheses is used (‘Optimistic data-aided’ in the plot), data aided channel estimation and all channel characteristics estimated (‘Data-aided’), and lastly DMRS-only based channel estimation where all channel characteristics are estimated (‘DMRS-only’). It can be seen that data aided estimation with fully realistic channel estimation provides ~0.7 dB gain at 10% BLER and that if channel filtering can be known, then another 1.0 dB or so gain is possible. The performance of the data aided estimator with ideal channel filtering is within about 0.6 dB of the performance with ideal channel estimation. Additional simulation parameters are provided in table 2 in Appendix 1.
Observation:
· Initial results for 7 bit UCI on PUCCH show:
· Simple, robust, channel estimators can be within about 2.25 dB of the ideal performance
· Data-aided channel estimators may improve performance such that is roughly within 0.5-1.5 dB of the ideal performance.
Proposal:
· Data-aided channel estimators are used as baselines for evaluations of mechanisms to improve channel estimation
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
· The estimated maximum isotropic loss of CSI on PUSCH is worse than CSI on PUCCH, becoming one of the most limiting factors for cell coverage.
· Initial results for 7 bit UCI on PUCCH show:
· Simple, robust, channel estimators can be within about 2.25 dB of the ideal performance
· Data-aided channel estimators may improve performance such that is roughly within 0.5-1.5 dB of the ideal performance.
Based on the observations and discussions, we have following proposals.
Proposals:
· Further study coverage enhancement for CSI.
· Consider support of A-CSI on PUCCH.
· Further consider the support of dynamic repetition of PUCCH.
· Data-aided channel estimators are used as baselines for evaluations of mechanisms to improve channel estimation.
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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), 

	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 Data-aided channel estimation on PUCCH
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· 2*10 MHz BWP (2*52 PRBs)

	UE speed
	· 3kph

	Payload
	· 5+2 bits on 1 PRB, 14 Symbols

	Channel
	· TDL-C (NLoS), 100ns delay spread, medium correlation

	Antennas
	· 1T2R

	Frequency hopping
	· enabled



[bookmark: _GoBack]
image1.png
BLER CSI1 & 2

PUCCH _4BSANT _. 1UEANT TDL_C_medium 30/300NS _3/120KMH _: 4GHz

10'2 L

—— 300NS,3kmph, lrep
——2rep

—e—4rep

—<—8rep

——— 300NS,120kmph,1rep
—=—2rep

—=—4rep

—=—8rep

——+&—— 30NS,3kmph,1lrep
—&=—2rep

—&=—4rep

—&=—8rep

—*— 300NS,120kmph,1rep
—*—2rep

—*—4rep

N —+—8rep

103
-15

-10

SNR [dB]





image2.emf
-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2

SNR [dB]

10

-3

10

-2

10

-1

10

0

B

L

E

R

 

C

S

I

1

 

&

 

2

11 Bit PUCCH BLER vs. SNR with Data-Aided and DMRS-based Estimation

Data-aided

Ideal

Optimistic data-aided

DMRS-only


