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1 Introduction

In RAN1 #86bis, the support of two ways of NR UL control channel transmissions has been agreed. 
Agreements: 
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

In RAN1 #88, the following proposal is left FFS

· For a given UCI payload, long-PUCCH is designed such that:

· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH
In this contribution, we discuss the design requirements of NR PUCCH in long duration in terms of coverage and multiuser multiplexing capability. 
2 Coverage
Different from LTE, two different PUCCH structures are adopted in NR. The PUCCH structure with short duration, which can occupy either one or two symbols, can be used for quick feedback for downlink data transmission. On the other hand, the structure with long duration, which can even occupy multiple slots, aims to provide a solution for PUCCH transmission in coverage-limited scenario. Therefore, when designing PUCCH in long duration, the coverage requirement should be carefully clarified.
It is cost effective for operators to reuse existing sites for NR systems. One typical inter-site distance is around 500 m and the cell radius is around 333 m. In order to serve UE at the edge of such cells, PUCCH with long duration should be decodable when UE is 333 m away from the base station. Hence, when designing the PUCCH with long duration, the minimum decodable SNR should be no higher than PUCCH’s achievable SNR at the edge of cell with typical cell radius. 
Proposal 1: In order to fulfill the coverage requirement of NR, certain coverage design criteria should be adopted for NR PUCCH in long duration. To be specific, the NR PUCCH in long duration should be designed to be decodable at the edge of cells with typical cell radius (e.g. 333 m).

Link budget is a simple and effective method to obtain PUCCH’s SNR at cell edge. Since 3.5 GHz is a solid candidate for 5G frequency band and has attracted a lot of attentions from mobile network operators, we here show the coverage requirement of 3.5 GHz as an examples. 
An example link budget for 3.5 GHz NR PUCCH and corresponding parameters are provided in Table I and II, where Table I is for SCS of 15 KHz and Table II is for SCS of 30 KHz. The following three UE types are considered, 
1. UE with 1 Tx antenna and 23 dBm Tx power

2. UE with 1 Tx antenna and 26 dBm Tx power (high power UE)

3. UE with 2 Tx antenna and 26 dBm Tx power (high power UE)

Moreover, the Cost231-Hata propagation model is adopted. In order to obtain the achievable SNR at cell edge with inter-site distance of 500 m (radius of 333 m), the SNR for MCS Level - 1% BLER(dB) values in Line 14 are adjusted so that the values of Indoor Cell Radius (km) in Line 30 and Indoor Inter-Site Distance (km) in Line 31 are approximately 0.333 and 0.5, respectively
.  Take the case of 15 KHz SCS for example, the required SNR for decoding at cell edge for the three types of UE are -6.8 dB, -3.8 dB, and -1.8 dB, respectively. That is to say, no matter what design is adopted for NR PUCCH, the channel should be decodable at SNR level of -6.8 dB, or -3.8 dB, or -1.8 dB, depending what kind of UE exist in the network. For SCS of 30 KHz, these three SNR thresholds are -9.8 dB, -6.8 dB, and -4.8 dB, respectively.
Proposal 2: According to the link budget tool, for NR deployed at 3.5 GHz with SCS of 15 KHz, the PUCCH should be designed to be decodable at -6.8 dB if UEs in the system are with 1 Tx antenna and 23 dBm Tx power, -3.8 dB for UE with 1 Tx antenna and 26 dBm Tx power, and -1.8 dB for UE with 2 Tx antenna and 26 dBm Tx power. For SCS of 30 KHz, these three thresholds are -9.8 dB, -6.8 dB and -4.8 dB.
Followings should be noted regarding the SNR thresholds,

1. Different requirements need to be proposed for different SCSs. All other conditions being the same, the wider the SCS is, the higher requirement will be imposed on the PUCCH decodable threshold;
2. It should be noted that the SNR thresholds obtained in Line 14 of Table I/II is for base station with 2 Rx antennas. That is why the antenna array  gain for base stations with 64 Rx antenna is 15 dB, as given in Line 9. The reason why the threshold for base station with 2 Rx antenna is given is that it is a basic configuration for base station and the result here can be easily calibrated for other scenario where different number of Rx antennas is adopted;
3. Three thresholds are given here for three types of UEs, where the highest requirement is imposed on UE with a single Tx antenna and Tx power of 23 dBm. If all three types of UE coexist in the network, the highest requirement should be adopted for the PUCCH coverage design; 
4. Cost231-Hata model is used here for simplicity. Should other propagation model to be adopted, modification can be made correspondingly
5. The results is for 3.5 GHz frequency band. If the same coverage is required for higher frequency bands, the requirements will be stricter, since higher penetration loss and path loss can be expected. 
Proposal 3: The decodable SNR threshold for PUCCH design can be affected by several factors, such as SCS, the number of receiving antennas at base station, the number of transmitting antennas at UE, the propagation model, and the frequency bands. Different thresholds should be proposed for different scenarios, or the worst scenario should be considered and the lowest SNR threshold should be adopted for PUCCH design.
Table I: Link budget of 3.5 GHz PUCCH with SCS of 15 KHz
	1
	AntennaConfig.
	UE: 1Tx
gNB: 64 Rx
	UE: 1Tx
gNB: 64 Rx
	UE: 2Tx
gNB: 64 Rx

	2
	TX Power (dBm)
	23
	26
	26

	3
	RBs
	1
	1
	1

	4
	Subcarriers bandwidth(KHZ)
	15
	15
	15

	5
	Tx Power/Subcarrier (dBm)
	12.2 
	15.2 
	15.2 

	6
	Transmission Line Loss (dB)
	0.5
	0.5
	0.5

	7
	 Antenna Gain (dBi)
	9.0
	9.0
	9.0

	8
	Transmit Diversity Gain (dB)
	0.0
	0.0
	2.0

	9
	Receive Diversity Gain (dB)
	15.0
	15.0
	15.0

	10
	Smart Antenna Gain(dB)
	　
	　
	　

	11
	Thermal Noise (kT) (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 

	12
	Noise Figure (dB)
	3.5
	3.5
	3.5

	13
	 Noise Power (dB)
	-128.7 
	-128.7 
	-128.7 

	14
	SNR for MCS Level - 1% BLER(dB)
	-6.8 
	-3.8 
	-1.8 

	
	System Margin

	15
	Fast Fade Margin (dB)
	0.0
	0.0
	0.0

	16
	Shadow Fading Margin (dB)
	11.6
	11.6
	11.6

	17
	Interference Margin (dB)
	2.0
	2.0
	2.0

	18
	Penetration Loss (dB) (Dense Urban/Urban)
	17
	17
	17

	20
	OTA(dB)
	6
	6
	6

	21
	MS Body Loss (dB)
	3
	3
	3

	22
	Terminal Loss (dB)
	0
	0
	0

	23
	Total System Margin (dB)(Dense Urban/Urban)
	39.6
	39.6
	39.6

	24
	Indoor Maximum allowable Path Loss(Dense Urban/Urban)
	131.65 
	131.65 
	131.65 

	
	Propagation Model/Inter-Site Distance/Cell Radius

	25
	Frequency (MHz)
	3500 
	3500 
	3500 

	26
	Base station antenna height (m)
	35
	35
	35

	27
	Subscriber Unit antenna height (m)
	1.5
	1.5
	1.5

	28
	Propagation Model
	Cost231 Hata Propagation Model

	29
	Propagation Environment
	Dense urban/Urban

	30
	Indoor Cell Radius (km)
	0.336 
	0.336 
	0.336 

	31
	Indoor Inter-Site Distance(km)
	0.50 
	0.50 
	0.50 



Table II: Link budget of 3.5 GHz PUCCH with SCS of 30 KHz
	1
	AntennaConfig.
	UE: 1Tx
gNB: 64 Rx
	UE: 1Tx
gNB: 64 Rx
	UE: 2Tx
gNB: 64 Rx

	2
	TX Power (dBm)
	23
	26
	26

	3
	RBs
	1
	1
	1

	4
	Subcarriers bandwidth(KHZ)
	30
	30
	30

	5
	Tx Power/Subcarrier (dBm)
	12.2 
	15.2 
	15.2 

	6
	Transmission Line Loss (dB)
	0.5
	0.5
	0.5

	7
	 Antenna Gain (dBi)
	9.0
	9.0
	9.0

	8
	Transmit Diversity Gain (dB)
	0.0
	0.0
	2.0

	9
	Receive Diversity Gain (dB)
	15.0
	15.0
	15.0

	10
	Smart Antenna Gain(dB)
	　
	　
	　

	11
	Thermal Noise (kT) (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 

	12
	Noise Figure (dB)
	3.5
	3.5
	3.5

	13
	 Noise Power (dB)
	-125.7 
	-125.7 
	-125.7 

	14
	SNR for MCS Level - 1%BLER(dB)
	-9.8 
	-6.8 
	-4.8 

	
	System Margin

	15
	Fast Fade Margin (dB)
	0.0
	0.0
	0.0

	16
	Shadow Fading Margin (dB)
	11.6
	11.6
	11.6

	17
	Interference Margin (dB)
	2.0
	2.0
	2.0

	18
	Penetration Loss (dB) (Dense Urban/Urban)
	17
	17
	17

	19
	OTA(dB)
	6
	6
	6

	20
	MS Body Loss (dB)
	3
	3
	3

	21
	Terminal Loss (dB)
	0
	0
	0

	22
	Total System Margin (dB)(Dense Urban/Urban)
	39.6
	39.6
	39.6

	23
	Indoor Maximum allowable Path Loss(Dense Urban/Urban)
	131.44 
	131.44 
	131.44 

	
	Propagation Model/Inter-Site Distance/Cell Radius

	25
	Frequency (MHz)
	3500 
	3500 
	3500 

	26
	Base station antenna height (m)
	35
	35
	35

	27
	Subscriber Unit antenna height (m)
	1.5
	1.5
	1.5

	28
	Propagation Model
	Cost231 Hata Propagation Model

	29
	Propagation Environment
	Dense urban/Urban

	30
	Indoor Cell Radius (km)
	0.332 
	0.332 
	0.332 

	31
	Indoor Inter-Site Distance(km)
	0.50 
	0.50 
	0.50 


3 Capacity

As mentioned in the Introduction, for a given UCI payload, whether the long-PUCCH should be designed to have same/similar multiplexing capacity to LTE PUCCH is discussed in RAN1#88 and left FFS. Even though multi-slot transmission is allowed for NR long PUCCH, which can potentially lower the system’s capacity, comparable multiuser multiplexing capacity with LTE is still expected, at least for single slot transmission. 
However, it should be noted that the number of available symbols/time duration for PUCCH transmission can be different between NR and LTE systems. In LTE, all 7 symbol within a slot can be used to transmit PUCCH and corresponding DMRS when normal cyclic prefix (CP) is adopted (6 when extended CP is used). In RAN1#88, it was agreed that, for single slot transmission, PUCCH may have variable number of symbols with a minimum of 4 symbols in a given slot, and the set of supported values is left FFS. Since slots with 7 symbols and 14 symbols are both defined for NR, it is possible for NR PUCCH to be transmitted with the number of symbols selected from [4,14]. Moreover, the frequency bandwidth for PUCCH transmission can also be different between LTE and NR even if the same number of PRB(s) is allocated for both systems, since the subcarrier spacing for NR can be 15 KHz*2​n (15 KHz~480 KHz). Therefore, when we require NR to have comparable PUCCH multiplexing capacity as LTE, the aforementioned factors should be considered. The definition of ‘comparable capacity’ should be carefully studied and examined. Example of such definition may include but not limited to 
Example: Given the same time-frequency resource (e.g. 1 ms in time domain and 180 KHz in frequency domain), the PUCCH multiplexing capacity of NR and LTE should be same/similar.
Proposal 4: Comparable multiplexing capacity with LTE should be considered when designing the PUCCH in NR. The definition of ‘comparable multiplexing capacity’ should take the number of symbols/time duration and bandwidth for PUCCH transmission into consideration, and calls for careful study and examination. 

4 Conclusions

Design requirements for PUCCH coverage and multiplexing capacity are proposed in this contribution. In detail, the following is proposed:  
Proposal 1: In order to fulfill the coverage requirement of NR, certain coverage design criteria should be adopted for NR PUCCH in long duration. To be specific, the NR PUCCH in long duration should be design so that it can be decodable at the edge of cells with typical cell radius (e.g. 333 m).

Proposal 2: For NR at 3.5 GHz with SCS of 15 KHz, the PUCCH should be designed to be decodable at -6.8 dB if UEs in the system are with 1 Tx antenna and 23 dBm Tx power, -3.8 dB for UE with 1 Tx antenna and 26 dBm Tx power, and -1.8 dB for UE with 2 Tx antenna and 26 dBm Tx power. For SCS of 30 KHz, these three thresholds are -9.8 dB, -6.8 dB and -4.8 dB.

Proposal 3: The decodable SNR threshold for PUCCH design can be affected by several factors, such as SCS, the number of receiving antennas at base station, the number of transmitting antennas at UE, the propagation model, the frequency bands. Different thresholds should be proposed for different scenarios, or the worst scenario with the lowest threshold should be considered.
Proposal 4: Comparable multiplexing capacity with LTE should be considered when designing the PUCCH in NR. The definition of ‘comparable multiplexing capacity’ should take the number of symbols/time duration and bandwidth for PUCCH transmission into consideration, and calls for careful study and examination.
� Indoor cell radius is considered here since indoor scenario imposes stricter requirement on the PUCCH decodable threshold. 








