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1. Introduction

In RAN1#86bis and NR AH meeting, following agreements were made for NR UL control channel [1-2].
	Agreements:
· For UL control channel in short duration,

· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS

· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
Agreements:
· For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least semi-static configuration for the following is supported.

· A PUCCH resource of a given UE within a slot.

· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.

· The PUCCH resource includes time, frequency and, when applicable, code domains.

· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

· PUCCH in short-duration can span until the end of a slot from UE perspective

· No explicit gap symbol is necessary after the PUCCH in short-duration.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.


Based on these agreements, we evaluate the performance of candidate one-symbol UL control channel (denoted as “NR-PUCCH” hereafter) structures in this contribution.
2. Discussion

Candidate one-symbol NR-PUCCH structures are discussed in our companion contribution [3]. A basic UL control resource unit can be set as one Resource Element Group (REG), and one UL Control Channel Element (CCE) can be composed of multiple REGs. A NR-PUCCH can be configured with one or multiple CCE(s). When UL CCE is transmitted, it can be mapped to localized or distributed resources. Furthermore, normal symbol FDM (by same subcarrier spacing (SCS) with data), sub-symbol TDM (by higher subcarrier spacing (SCS) than data) can be considered for the multiplexing of RS and UCI, and sequence-based structure can also be considered. Above mentioned structures are evaluated with the simulation parameters provided in Table 2.
2.1   Observation on RS/UCI multiplexing structure
In order to verify the impact of RS/UCI multiplexing structure, the performances of normal symbol FDM, sub-symbol TDM, and sequence-based structure are compared in terms of ACK-to-NACK error. For normal symbol FDM structure, RS and UCI are mapped as comb type (for example, even subcarrier index for RS, odd subcarrier index for UCI). The total frequency resource size is set to 16 RBs (with 15 kHz SCS) for normal symbol FDM and sequence-based structures, and 8 RBs (with 30 kHz SCS) for sub-symbol TDM structure. For the case of sub-symbol TDM structure, it is composed of two sub-symbols in time resource and the total resource size (in time and frequency) of the three structures is the same. Size of UCI payload is set to 1 bit, and the ratio of RS REs to UCI REs is assumed to be 1:1. The example of these structures is described in Figure 1.
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Figure 1: Example of RS/UCI multiplexing structures for one-symbol NR-PUCCH
As shown in Figure 2, normal symbol FDM, sub-symbol TDM, and sequence-based structures provide comparable performance. Sub-symbol TDM and sequence-based structures could have a benefit from their low PAPR characteristic.
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Figure 2: ACK-to-NACK error performance of NR-PUCCH according to RS/UCI structure
Observation #1: For one-symbol NR-PUCCH, normal symbol FDM, sub-symbol TDM, and sequence-based structures provide comparable performance for the case of 1-bit UCI with RS/UCI ratio of 1:1.
2.2   Observation on RS/UCI ratio adjustment
In order to verify the impact of RS/UCI ratio adjustment according to UCI payload size, the performances of normal symbol FDM structure with RS/UCI ratios of 1/2, 1/3 and 1/6 are compared in terms of required SNR for achieving 1% ACK-to-NACK error probability. For RS/UCI ratios of 1/2, 1/3 and 1/6, frequency intervals (in terms of number of subcarriers) between adjacent DM-RS are set to 2, 3 and 6, respectively. The total frequency resource size is set to 4 RBs with localized mapping, and UCI payload size is set from 10 bits to 40 bits. Since TBCC with 8-bit CRC is applied, it is assumed that DTX-to-ACK and NACK-to-ACK performances are sufficient without the use of DTX threshold. In Figure 3, it is shown that low RS density (e.g., 1/6) is beneficial for NR-PUCCH with large UCI payload size (e.g., equal to or more than 30 bits) while high DM-RS density (e.g., 1/3) is beneficial for NR-PUCCH with small UCI payload size (e.g., less than 30 bits). This is because performance degradation is increased by coding rate impact due to increase of RS overhead as UCI payload size increases. For NR-PUCCH with small UCI payload size, relatively high RS density (e.g., 1/2) can be applied with marginal impact on coding rate while achieving channel performance improvement.
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Figure 3: Required SNR of NR-PUCCH according to RS/UCI ratio and UCI payload
Observation #2: For one-symbol NR-PUCCH with normal symbol FDM structure, optimal RS/UCI ratio can be determined according to UCI payload size.
2.3   Observation on resource size and mapping type
As described in Figure 4, the size of NR-PUCCH can be variable and the resource of NR-PUCCH can be mapped with different manner. The NR-PUCCH with 8 RBs and 16 RBs are assumed to verify the impact of entire NR-PUCCH resource size. Each of NR-PUCCH structures is mapped to localized and distributed resources for verifying the impact of resource mapping type. Normal symbol FDM structure is considered as a reference scheme. The performances of NR-PUCCH structures are shown in Figure 5.
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Figure 4: Example of resource mapping for NR-PUCCH
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Figure 5: ACK-to-NACK error performance of NR-PUCCH according to resource mapping
Based on the ACK-to-NACK error performance, link-budget analysis is conducted as provided in Table 1. It is observed that the MCL value of distributed mapping type reflects frequency diversity gain compared to localized mapping type. For 8 RBs and 16 RBs NR-PUCCH structures, distributed mapping provides 1.9 dB and 1.5 dB gain compared to localized mapping, respectively.
When distributed resource mapping is used and frequency diversity is sufficiently obtained, the values of MCL for different-sized NR-PUCCH structures are the same. On the other hand, if localized resource mapping is used and frequency diversity is not fully obtained, the MCL value of larger-sized NR-PUCCH structure reflects the additional frequency diversity gain (by occupying more frequency resource) compared to that of smaller-sized NR-PUCCH structure.
Table 1: Link-budget analysis
	
	Localized
	Distributed

	
	8 RBs
	16 RBs
	8 RBs
	16 RBs

	Tx power (dBm)
	23.0
	23.0
	23.0
	23.0

	Thermal noise density (dBM/Hz)
	-174.0
	-174.0
	-174.0
	-174.0

	Receiver noise figure (dB)
	5.0
	5.0
	5.0
	5.0

	Interference margin (dB)
	0
	0
	0
	0

	Occupied channel BW (Hz)
	8*180000
	16*180000
	8*180000
	16*180000

	Effective noise power (dBm)
	-107.4
	-104.4
	-107.4
	-104.4

	Required SNR (dB)
	-4.0
	-7.4
	-5.9
	-8.9

	Receiver sensitivity (dBm)
	-111.4
	-111.8
	-113.3
	-113.3

	MCL (dB)
	134.4
	134.8
	136.3
	136.3


Observation #3: The MCL value of distributed resource mapping reflects frequency diversity gain compared to localized resource mapping. Distributed mapping provides 1.9 dB and 1.5 dB gain compared to localized mapping for 8 RBs and 16 RBs cases, respectively.
3. Conclusion
In this contribution, we evaluated the performance of candidate one-symbol NR-PUCCH structures, and the following observations are obtained: 

Observation #1: For one-symbol NR-PUCCH, normal symbol FDM, sub-symbol TDM, and sequence-based structures provide comparable performance for the case of 1-bit UCI with RS/UCI ratio of 1:1. Further evaluations are needed to verify the impact of UCI payload size, RS/UCI ratio, and the PAPR.
Observation #2: For one-symbol NR-PUCCH with normal symbol FDM structure, optimal RS/UCI ratio can be determined according to UCI payload size.
Observation #3: The MCL value of distributed resource mapping reflects frequency diversity gain compared to localized resource mapping. Distributed mapping provides 1.9 dB and 1.5 dB gain compared to localized mapping for 8 RBs and 16 RBs cases, respectively.
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Annex A
Table 2: Simulation Parameters

	Parameter
	Value

	Carrier Frequency
	4 GHz

	System Bandwidth
	20MHz

	Subcarrier spacing
	15kHz or 30 kHz (for sub-symbol)

	FFT size
	2048 or 1024 (for sub-symbol)

	CP length
	144∙TS or 72∙TS (for sub-symbol)

	Number of subcarriers per PRB
	12

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Channel model
	ETU

	UE velocity
	3 km/h

	Payload size
	1 bit
	10 - 40 bits

	Channel estimation
	ML
	Practical

	Modulation
	BPSK
	QPSK

	Performance metric
	Required SNR for B(L)ER of 1 %

	DTX-to-ACK threshold
	1 %


