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1	Introduction
During RAN4#87 meeting, the NR BS demodulation performance requirements are further discussed on the general issue and performance requirements test. Some general issues about NR PUCCH are captured and agreed in the WF [1] are follows:
· Format
· Requirements will be defined for PUCCH format 0/1/2/3
· FFS PUCCH format 4
· The applicability for each format are based on BS declaration
For the test setup
· Test metric
· PF0/1
· DTX to ACK
· Missed ACK
· PF 2/3/4: FFS
· Modulation
· QPSK is tested
· π/2-BPSK for PF 3/4
· FFS multi-slot PUCCH
· Hopping
· Frequency hopping : enable
· Group and sequence hopping: disable
In order to facilitate simulation alignment of NR BS PUCCH performance between each company, some test cases are introduced for initial alignment. In this contribution, we provide our view on remained issues for NR PUCCH, Also, the initial simulation results are provided for alignment.
2	Discussion
In NR PUCCH, there are 5 PUCCH formats are specified, based on the occupied OFDM symbol length, payload size, channel coding as well as RS configuration. Here, we just provide some analysis for different formats
· Waveform: Format 0/2 use CP-OFDM, Format 1/3/4 use DFT-S OFDM
· Symbols: 1-2 symbols for Format 0/2, 4-14 symbols for Format 1/3/4
· RB allocation:1 PRB for Formar0/1/4, 1-16 PRB for Format 2, 1-6, 8-10,12 for Format 3
· UCI bits: less than 2 bit for Format 0/1, large than 2 bits for Format 2/3/4.
· UCI type: 1-bit/2-bit  HARQ-ACK and /or SR for Format1, HARQ-ACK with/without SR and /or CSI feedback for Format 2/3/4
· Encoding: only Format 2/3/4 need to consider the details of encoding scheme,  such as repetition for UCI bits =1, Simplex code for UCI bits =2, RM for 3< UCI bits <12, Polar code for UCI bits >12
· MCS:   BPSK/QPSK for Format1, Pi/2 BPSK or QPSK by configuration
Overall, considering the possible combination with RB allocation, UCI bits, symbols, Encoding method, as well as MCS configuration, It is impractical to verify features under all the combination, we need to down selection some typical combination or a subset of format to introduce the test cases. 
For format 4, it aiming to support the multi UE UCI multiplexed, it can be support 2 or 4 UE multiplexed. Since we are only focus on the single user test in Rel-15, our view is that there is no performance requirement for PUCCH format 4 in Rel-15
As for MCS configuration, considering pi/2 BPSK is optional feature in FR1 and mandatory feature with capability signalling in FR2. It is only available for format 3 and format 4. We recommend that there is no performance requirement for pi/2 BPSK. in Rel-15.
Proposal 1: The MCS configuration tested for the performance requirement of only QPSK in Rel-15. No performance requirement for format 4 in Rel-15.
· Multi-slot PUCCH 
NR supports various numerologies (SCS=15, 30, 60, or120 KHz) with symbol duration becoming shorter with larger SCS. It is only available for PUCCH format 1/3/4, a UE can be configured with multi slots where repetitions of the PUCCH formats are transmitted. The motivation of multi-slot is increase the UL coverage. As for basic coverage requirement, our view is that PUCCH format 3 with multiple RB configured can support. Also, as indicated by the UE feature list, it is mandatory feature with capability signalling. So, we recommend that there is no performance requirement for the multi-slot PUCCH in Rel-15.
Proposal 2: No performance requirement for multi-slot PUCCH in Rel-15.

· RB allocation and UCI
Generally, the number of UCI payload should be determined by the number of OFDM symbol, the number of PRB, and the configured code rate, where the code rate corresponding to higher layer parameter PUCCH-F2-maximum-code rate, or PUCCH-F3-maximum-coderate, or PUCCH –F4-maximum code rate, indicated as Table 1

Table 1: corresponding to higher layer parameter PUCCH-F2-maximum-code rate, or PUCCH-F3-maximum-coderate, or PUCCH –F4-maximum code rate
	Value of PUCCH-F2-maximum-code rate
Value of PUCCH-F3-maximum-code rate
Value of PUCCH-F4-maximum-code rate
	Code rate

	0
	0.08

	1
	0.15

	2
	0.25

	3
	0.35

	4
	0.45

	5
	0.60

	6
	0.8

	7
	Reserved







For example, If a UE transmits HARQ-ACK bits and  bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs . The number of RB allocated should be satisfied as following condition 




, if 



Where  is number of RE, excluded the number of DMRS RE. For example,  = 8 for format 2, =12 for format 3.

As for test metric, in our view, we propose to use the legacy way in existed LTE 36.104 to define the performance requirement for PUCCH, there are four test metrics for PUCCH defined in LTE.
· DTX to ACK probability
The DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent, shall not exceed 1%.
· ACK missed detection probability
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.
· NACK to ACK detection probability:
The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position
· CQI block error probability (BLER) : 
The CQI block error probability (BLER) is defined as the conditional probability of incorrectly decoding the CQI information when the CQI information is sent. All CQI information shall be decoded (no exclusion due to DTX).
Based on the UCI types and UCI bits, we propose the test metric for each format as follows: 
Proposal 3: For UL PUSCH waveform, only CP-OFDM is introduced to performance test.
· DTX to ACK probability: Format 0
· ACK missed detection probability: Format 0, 1
· NACK to ACK detection probability: Format 2/3/4 depend on UCI types
· CQI block error probability (BLER): Format 2/3/4 depend on UCI types
3	Simulation Results
In this section, the initial simulation results for NR PUCCH are provided. In the WF [1], the simulation assumption for format 0/1/2/3 is agreed with follows as Table 2
Table 2: simulation assumption agreed in WF[1]
	Format
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	DMRS pattern

	0
	1
	1/2
	1
	N.A

	1
	2
	[14]
	1
	

	2
	[4]
	1 and/or 2, other option
	[8] or other option
	

	3
	[16]
	[14]
	[1]
	Option1: No additional DMRS, and/ or 
Optional 2: additional DMRS



Based on the analysis above RB allocation and UCI payload, for format 2, in case of UCI=4bit, code rate =0.08, 1 symbol with 3RB, and 2 symbols with 2RB are reasonable for the simulation of PUCCH format 2,
As for SCS and BW, the following cases are introduced for alignment purpose
· 15kHz: 10M
· 30kHz,: 20M
· 60kHz: 100M
· 120kHz: 100M
Since in this alignment stage, only AWGN is selected for the simulation assumption. Our view is that the performance with and without frequency hopping should be no different. Also, considering that there is no timing offset and frequency offset, there should be no different with different SCS and BW, in this contribution, we only provide the simulation results under SCS=15 KHz and BW=10M for FR1, and SCS =120kHz and BW=100M for FR2.
As the test metric, we reuse the existed definition in LTE. For format 0 and format 1, ACK missed detection is applied for test metric. For format 2, BLER is applied for test metric. .
In Table 3, we provide the general assumption for NR PUCCH for format 0/1/2.
We first provide the simulation results of format 0/1/, as shown in Table 4 and Table 5, the simulation results of format 3 will be provided later
Table 3: General assumption for NR PUCCH for format 0/1/2
	Parameters
	Value for Format 0
(FR1)
	Value for Format 1
(FR1)
	Value for Format
(FR2)
	Value for Format
(FR2)

	Bandwidth
	10MHz
	10MHz
	100MHz
	100MHz

	SCS
	15KHz
	15KHz
	120KHz
	120KHz

	Rx
	2
	2
	2
	2

	Propagation  channel
	AWGN
	AWGN
	AWGN
	AWGN



Table 4: Simulation result for NR PUCCH for format 0/1 in FR1
	Format
	FR
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	ACK missed detection (<=1%)(DTX to ACK 1%)

	0
	1
	1
	1
	1
	-0.5

	
	
	
	2
	1
	-3.7

	1
	
	1
	[14]
	1
	-11.1

	
	
	2
	[14]
	1
	-10.4



Table 5: Simulation result for NR PUCCH for format 0/2 in FR2
	Format
	FR
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	ACK missed detection (<=1%) and 1% BLER

	0
	2
	1
	1
	1
	0.96

	
	
	
	2
	1
	-.3.27

	2
	
	4
	1
	3
	-5.33

	
	
	
	2
	2
	-8.66



As observed that, there is some different between FR1 and FR2. One reason is that the threshold for false alarm is in FR2 is larger than FR1.
3	Conclusion
In this contrition, we provide our review on remained issue of performance requirement for NR PUCCH. The initial simulation results for format 0/1/2 are provided for alignment only.
Proposal 1: The MCS configuration tested for the performance requirement of only QPSK in Rel-15. No performance requirement for format 4 in Rel-15.
Proposal 2: No performance requirement for multi-slot PUCCH in Rel-15.
Proposal 3: For UL PUSCH waveform, only CP-OFDM is introduced to performance test.
· DTX to ACK probability: Format 0
· ACK missed detection probability: Format 0, 1
· NACK to ACK detection probability: Format 2/3/4 depend on UCI types
· CQI block error probability (BLER): Format 2/3/4 depend on UCI types
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