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1	Introduction
During RAN4#88bis meeting, the NR BS demodulation performance requirements are further discussed on the general issue and performance requirements test. The remained issue of NR PUCCH performance requirements are captured and agreed in the WF [1]. In this contribution, we provide our view on the remained issue of PUCCH performance requirement. Also, in order to make some attentive performance requirement for Rel-15 NR performance, both ideal simulation results and impairment simulation results are provided in this contribution.
2	Discussion
2.1	DMRS pattern
In NR PUCCH, there are 5 PUCCH formats specified, based on the occupied OFDM symbol length, UCI play load size, channel coding as well as RS configuration. RAN4 will define the performance requirement for all the formats in Rel-15.As part of RS configuration, format 3 and format4 can support both with additional DMRS and without additional DMRS. The details mapping rule of number of PUCCH symbols, DMRS position, regardless of FH/ no FH is illustrated as in Table 1. 
Table 1: DMRS configuration and Position for NR PUCCH format 3and format 4
	Number of PUCCH symbols
	DMRS position

	
	No additional DMRS
	Additional DMRS

	
	Without Frequency hopping
	With Frequency hopping
	Without Frequency hopping
	With Frequency hopping

	4
	1
	0,2
	1
	0,2

	5
	0,3
	0,3
	0,3
	0,3

	6
	1,4
	1,4
	1,4
	1,4

	7
	1,4
	1,4
	1,4
	1,4

	8
	1,5
	1,5
	1,5
	1,5

	9
	2,6
	2,6
	1,6
	1,6

	10
	2,7
	2,7
	1,3,6,8
	1,3,6,8

	11
	2,7
	2,7
	1,3,6,9
	1,3,6,9

	12
	2,8
	2,8
	1,4,7,10
	1,4,7,10

	13
	2,9
	2,9
	1,4,7,11
	1,4,7,11

	14
	3,10
	3,10
	1,5,8,12
	1,5,8,12



In our company’s contribution, we have already investigated the BLER results for various UCI payloads, number of PUCCH symbols, and number of DMRS symbols per PUCCH frequency hop [2], as indicated Figure 1, where PUCCH format 3 with 4 and 7 symbols per frequency hop (L=4 and L=7, included DMRS) is evaluated 
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(a) L = 4 at 3 km/h                                                            (b) L = 4 at 120 km/h

[image: ]    [image: ]
(c) L = 7 at 3 km/h                                                        (d) L = 7 at 120 km/h
Figure 1: BLER with FH using 15 kHz SCS for TDL-C with 300 ns
Observation 1: For 15KHz SCS, BLER with 1 DMRS symbol per hop is lower than BLER with 2 DMRSs per hop except when the number of symbols per frequency hop is large , coding rate is small, and Doppler shift is high
Observation 2: For SCS larger than 15KHz, BLER with 1 DMRS symbol per hop is lower than BLER with 2 DMRS symbols per hop except when the number of symbols per frequency hop is large, coding rate is small, and Doppler shift is very large.
Although the DMRS pattern and number of DMRS per hop is different with current spec in case of L=4, we can get some insight from the results. The optimal DMRS overhead depends on the UCI code rate and the SINR. The code rate can be controlled by the number of allocated RBs (and the number of allocated symbols) for the PUCCH transmission.  With short number of allocated symbols, 1 DMRS symbol per hop allows for lower coding rate, the gain coming from channel estimation due to additional DMRS is not obvious. In case of  the large number of allocated symbols, i.e, 14 symbols, the coding rate is very small under small number of UCI bits, even considering additional DMRS, the coding rate is still small; with good channel estimation results can achieve better performance. While in case of lager number of UCI bits, lower coding rate is more important, especially for low Doppler shift scenario.
Fundamentally, with additional DMRS is not the optimal for every SINR or every UCI code or every Doppler shift or large code rates. In terms of channel estimation, it can provide largely sufficient accuracy。
In this last meeting, as for DMRS pattern configuration, RAN4 group has discussion about whether performance requirement should be defined for both FR1 and FR2. 
Based on above analysis, to cover different UCI payload,  channel speed scenario, as well as the different coding rate, we recommend  both without additional and with additional DMRS should be considered for performance requirement for PUCCH format 3 and format 4 in Rel-15.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Proposal 1: Both without additional and with additional DMRS should be considered for defining the  performance requirement for PUCCH format 3 and format 4,  considering the UCI payload, and high speed scenario, as well as the coding rate , in both FR1 and FR2.
2.2	Test Metric
As agreed in the WF [2], the test metric for PUCCH format 2 will be applied DTX to ACK and ACK missed detection under condition that the number of UCI bits is less than 11. RAN4 will encourage companies to investigate the test metric NACK to ACK requirement, whether it is the limiting factor compared with ACK missed detection requirement.  Based on our simulation results, we can observe that NACK to ACK is not the bottleneck compared with ACK missed detection for PUCCH format 2.
2.3	Multi-slot PUCCH
As captured in WF, RAN4 will introduce requirements for multi-slot PUCCH for FR1 in Rel-15. Considering the time line for completion Rel-15 NR performance part by this year, in this meeting, some attentive performance requirement should be defined, which will result in RAN4 group has less time for discuss the detail parameters for performance requirement of multi-slot PUCCH. Thus, we prefer to discuss the test parameters in the next meeting.
2.4	Propagation Channel
As captured in the agreement, the propagation channel for FR2 PUCCH as follow:
· TDL-A 30ns, 300Hz
· FFS: TDL-A 30ns, 75Hz
For PUCCH, QPSK is decided as the modulation method, which can have better ability to against channel varying in the time domain, compared other modulation scheme.  In LTE, we have defined the performance requirement with EPA5, ETU 70 and EVA 70. The typical scenario for mobility is 3km/h, 30km/h.  For FR2, considering the typical scenario is for deploy small cell with high density with beamforming technology, the UE velocity is not so fast. For example, considering band n260, the highest frequency is 40000MHz, with 3km/h UE velocity, the related Doppler value is about 300Hz, while for 75Hz, the channel varying is very slow, to some extent, the diversity again cannot be obtained.
TDL-A 30ns, 300Hz is also applied for FR2 PUSCH with MCS2. Considering that workload, we prefer to only consider TDL-A 30ns, 300Hz for FR2 PUCCH in Rel-15.
Proposal 2: TDL-A 30ns, 300Hz is only applied for propagation channel of FR2 PUCCH.
3	Simulation Results
In this section, based on the simulation assumption in WF [2], both the ideal simulation results and impairment results are provided in this contribution, as shown in table 1 to table xx, respectively.
Table 1: Ideal and Impairment simulation result for NR PUCCH for format 0 in FR1 (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	Symbol
	ACK missed detection (<=1%)(DTX to ACK 1%)
Ideal 
	ACK missed detection (<=1%)(DTX to ACK 1%)
Impairment

	0
	2
	TDLC300-100
	15KHz, 10MHz
	1
	7.9
	9.9

	0
	2
	TDLC300-100
	15KHz, 10MHz
	2
	2.7
	4.7

	0
	4
	TDLC300-100
	15KHz, 10MHz
	1
	1.8
	3.8

	0
	4
	TDLC300-100
	15KHz, 10MHz
	2
	-1.8
	0.2

	0
	8
	TDLC300-100
	15KHz, 10MHz
	1
	-2.5
	-0.5

	0
	8
	TDLC300-100
	15KHz, 10MHz
	2
	-5.2
	-3.2

	0
	2
	TDLC300-100
	30KHz, 40MHz
	1
	8.6
	10.6

	0
	2
	TDLC300-100
	30KHz, 40MHz
	2
	2.4
	4.4

	0
	4
	TDLC300-100
	30KHz, 40MHz
	1
	2.1
	4.1

	0
	4
	TDLC300-100
	30KHz, 40MHz
	2
	-2.0
	0.0

	0
	8
	TDLC300-100
	30KHz, 40MHz
	1
	-2.2
	-0.2

	0
	8
	TDLC300-100
	30KHz, 40MHz
	2
	-5.3
	-3.3



Table 2: Ideal and impairment simulation result for NR PUCCH for format 1 in FR1  (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	ACK missed detection (<=1%)(DTX to ACK 1%)
Ideal 
	NACK2ACK
(<0.1%)
(DTX toACK1%)
Ideal 
	ACK missed detection (<=1%)(DTX to ACK 1%)
Impairment
	NACK2ACK
(<0.1%)
(DTX toACK1%)
Impairment

	1
	2
	TDLC300-100
	15KHz, 10MHz
	-5.6
	-5.2
	-3.6
	-3.2

	1
	4
	TDLC300-100
	15KHz, 10MHz
	-9.9
	9.6
	-7.9
	-7.6

	1
	8
	TDLC300-100
	15KHz, 10MHz
	-13.2
	-12.9
	-11.2
	-10.9

	1
	2
	TDLC300-100
	30KHz, 40MHz
	-6.0
	-5.2
	-4.0
	-3.2

	1
	4
	TDLC300-100
	30KHz, 40MHz
	-10.1
	-9.6
	-8.1
	-7.6

	1
	8
	TDLC300-100
	30KHz, 40MHz
	-13.3
	-12.9
	-11.3
	-10.9



Table 3: Ideal and impairment simulation result for NR PUCCH for format 2 in FR1 (4,1,4) (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	ACK missed detection (<=1%)(DTX to ACK 1%)
Ideal 
	NACK2ACK
(<0.1%)
(DTX toACK1%)
Ideal 
	ACK missed detection (<=1%)(DTX to ACK 1%)
Impairment
	NACK2ACK
(<0.1%)
(DTX toACK1%)
Impairment

	1
	2
	TDLC300-100
	15KHz, 10MHz
	
	
	
	

	1
	4
	TDLC300-100
	15KHz, 10MHz
	
	
	
	

	1
	8
	TDLC300-100
	15KHz, 10MHz
	
	
	
	

	1
	2
	TDLC300-100
	30KHz, 40MHz
	
	
	
	

	1
	4
	TDLC300-100
	30KHz, 40MHz
	
	
	
	

	1
	8
	TDLC300-100
	30KHz, 40MHz
	
	
	
	



Table 4: Ideal and impairment simulation result for NR PUCCH for format 2 in FR1 (22,2,9) (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	BLER (<=1%)
Ideal 
	BLER (<=1%)
Impairment

	1
	2
	TDLC300-100
	15KHz, 10MHz
	
	

	1
	4
	TDLC300-100
	15KHz, 10MHz
	
	

	1
	8
	TDLC300-100
	15KHz, 10MHz
	
	

	1
	2
	TDLC300-100
	30KHz, 40MHz
	
	

	1
	4
	TDLC300-100
	30KHz, 40MHz
	
	

	1
	8
	TDLC300-100
	30KHz, 40MHz
	
	



Table 5: Ideal and impairment simulation result for NR PUCCH for format 3 in FR1 (16,14,1) (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	Without additional
DMRS (ideal)
	With additional DMRS
(ideal)
	Without additional
DMRS (impairment)
	With additional DMRS
(impairment)

	1
	2
	TDLC300-100
	15KHz, 10MHz
	-1.3
	-1.5
	1.2
	1.0

	1
	4
	TDLC300-100
	15KHz, 10MHz
	-5.6
	-6.0
	-3.1
	-3.5

	1
	8
	TDLC300-100
	15KHz, 10MHz
	-9.1
	-9.6
	-6.6
	-7.1

	1
	2
	TDLC300-100
	30KHz, 40MHz
	-2.1
	-2.3
	0.4
	0.2

	1
	4
	TDLC300-100
	30KHz, 40MHz
	-6.1
	-6.4
	-3.6
	-3.9

	1
	8
	TDLC300-100
	30KHz, 40MHz
	-9.4
	-9.8
	-6.9
	-7.3



Table 6: Ideal and impairment simulation result for NR PUCCH for format 4 in FR1 (22,14,1) (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	Without additional
DMRS (ideal)
	With additional DMRS
(ideal)
	Without additional
DMRS (impairment)
	With additional DMRS
(impairment)

	1
	2
	TDLC300-100
	15KHz, 10MHz
	0.7
	0.6
	3.2
	3.1

	1
	4
	TDLC300-100
	15KHz, 10MHz
	-4.1
	-4.2
	-1.6
	-1.7

	1
	8
	TDLC300-100
	15KHz, 10MHz
	-7.70.5
	-0.88.0
	-5.22.0
	-5.51.7

	1
	2
	TDLC300-100
	30KHz, 40MHz
	-0.1
	-0.1
	2.4
	2.4

	1
	4
	TDLC300-100
	30KHz, 40MHz
	-4.4
	-4.6
	-1.9
	-2.1

	1
	8
	TDLC300-100
	30KHz, 40MHz
	-7.9
	-8.2
	-5.4
	-5.7



Table 7: Ideal and Impairment simulation result for NR PUCCH for format 0 in FR2  (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	Symbol
	ACK missed detection (<=1%)(DTX to ACK 1%)
Ideal 
	ACK missed detection (<=1%)(DTX to ACK 1%)
Impairment

	0
	2
	TDLA30-300
	60KHz, 100MHz
	1
	7.15
	9.65

	0
	2
	TDLA30-300
	60KHz, 100MHz
	2
	1.87
	4.37

	0
	2
	TDLA30-300
	120KHz, 100MHz
	1
	7.26
	9.76

	0
	2
	TDLA30-300
	120KHz, 100MHz
	2
	1.89
	4.39



Table 8: Ideal and impairment simulation result for NR PUCCH for format 1 in FR2 (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	ACK missed detection (<=1%)(DTX to ACK 1%)
Ideal 
	NACK2ACK
(<0.1%)
(DTX toACK1%)
Ideal 
	ACK missed detection (<=1%)(DTX to ACK 1%)
Impairment
	NACK2ACK
(<0.1%)
(DTX toACK1%)
Impairment

	1
	2
	TDLA30-300
	60KHz, 100MHz
	-7.13
	
	-4.63
	

	1
	2
	TDLA30-300
	120KHz, 100MHz
	-7.05
	
	-4.55
	



Table 9: Ideal and impairment simulation result for NR PUCCH for format 2 in FR2 (4,1,4) (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	ACK missed detection (<=1%)(DTX to ACK 1%)
Ideal 
	NACK2ACK
(<0.1%)
(DTX toACK1%)
Ideal 
	ACK missed detection (<=1%)(DTX to ACK 1%)
Impairment
	NACK2ACK
(<0.1%)
(DTX toACK1%)
Impairment

	1
	2
	TDLC300-100
	60KHz, 100MHz
	2.26
	
	4.76
	

	1
	2
	TDLC300-100
	120KHz, 100MHz
	2.70
	
	5.20
	



[bookmark: _GoBack]Table 10: Ideal and impairment simulation result for NR PUCCH for format 2 in FR2 (22,2,9) (updated)
	Format
	Number of Rx
	Channel
	SCS and BW
	BLER
Ideal 
	BLER
Impairment

	1
	2
	TDLC300-100
	60KHz, 100MHz
	-0.55
	1.95

	1
	2
	TDLC300-100
	120KHz, 100MHz
	-0.59
	1.91



Table 11: Ideal and impairment simulation result for NR PUCCH for format 3 in FR1 FR2 (16,14,1) 
	Format
	Number of Rx
	Channel
	SCS and BW
	Without additional
DMRS (ideal)
	With additional DMRS
(ideal)
	Without additional
DMRS (impairment)
	With additional DMRS
(impairment)

	1
	2
	TDLA30-300
	60KHz, 100MHz
	-1.14
	-1.51
	0.86
	0.49

	1
	2
	TDLA30-300
	120KHz, 100MHz
	-0.97
	-1.28
	1.03
	0.72



Table12: Ideal and impairment simulation result for NR PUCCH for format 3 in FR1 FR2 (16,4,3) 
	Format
	Number of Rx
	Channel
	SCS and BW
	Without additional
DMRS (ideal)
	With additional DMRS
(ideal)
	Without additional
DMRS (impairment)
	With additional DMRS
(impairment)

	1
	2
	TDLA30-300
	60KHz, 100MHz
	0.10
	N.A
	2.10
	N.A

	1
	2
	TDLA30-300
	120KHz, 100MHz
	0.43
	N.A
	2.43
	N.A



Table 13: Ideal and impairment simulation result for NR PUCCH for format 4 in FR1 FR2 (22,14,1) 
	Format
	Number of Rx
	Channel
	SCS and BW
	Without additional
DMRS (ideal)
	With additional DMRS
(ideal)
	Without additional
DMRS (impairment)
	With additional DMRS
(impairment)

	1
	2
	TDLA30-300
	60KHz, 100MHz
	2.50
	1.81
	4.50
	3.81

	1
	2
	TDLA30-300
	120KHz, 100MHz
	2.67
	1.84
	4.67
	3.84



As shown in results, we can observe that with additional DMRS under current test cases can achieve better performance than that of without additional DMRS.
Based on the result of Format 2, NACK2 ACK is not the bottleneck of performance requirement compared with ACK missed detection probability.  So, in terms of test metric, we prefer to choose the ACK missed detection and DTX to ACK as the test metric.
Observation 1: With additional DMRS can achieve better performance than that of without additional DMRS. 
Observation 2:NACK2ACK detection probability for Format 2 is not the bottleneck compared with ACK missed detection probability. 
Proposal 3: ACK missed detection probability and DTX to ACK can be regarded as the test metric for Format 2.
4	Conclusion
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, based on the agreement of WF [2] on the NR BS PUCCH demodulation, we provide our view about the remained issue of NR PUSCH demodulation requirement.  Both ideal and impairment simulation results are provided.
Proposal 1: Both without additional and with additional DMRS should be considered for defining the  performance requirement for PUCCH format 3 and format 4,  considering the UCI payload, and high speed scenario, as well as the coding rate , in both FR1 and FR2.
Proposal 2: TDL-A 30ns, 300Hz is only applied for propagation channel of FR2 PUCCH.
Observation 1: With additional DMRS can achieve better performance than that of without additional DMRS. 
Observation 2: NACK2ACK detection probability for Format 2 is not the bottleneck compared with ACK missed detection probability. 
Proposal 3: ACK missed detection probability and DTX to ACK can be regarded as the test metric for Format 2.
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