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1	Introduction
During RAN4#88 meeting, the NR BS demodulation performance requirements are further discussed on the general issue and performance requirements test. Some general issue about 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. 
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 
[image: ]    [image: ]
(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	Hopping
Based on the previous agreement, RAN4 group has decided that the intra-slot frequency hopping is always enabled. As for the hopping type, there are two options as follow:
· Option1
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Starting PRB =0;
· SecondHopPRB = the largest PRB index – nrof PRBs
· Option2
· Starting PRB =2;
· SecondHopPRB = the largest PRB index – nrof PRBs-2
In LTE, we also use the frequency hopping for PUCCH, aiming to achieve the frequency diversity gain, where the PUCCH data is located with the edge of bandwidth. Thus, we prefer to apply the same logical for NR PUCCH Hopping type.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 2: Intra-slot frequency hopping is always enabling.  The frequency hopping pattern is preferred as option 1:
· Option1
· Starting PRB =0;
· SecondHopPRB = the largest PRB index – nrof PRBs
2.3	Symbol Position 
As agreed in the WF, there are two options for the starting symbol index of Format 0 and Format 2 in FR1 and FR2 as follow:
· For FR1
· StartingSymbolIndex =13 for 1 OFDM symbol
· StartingSymbolIndex =12 for 2 OFDM symbols
· For FR2
· Option1
[bookmark: OLE_LINK9]-  StartingSymbolIndex =13 for 1 OFDM symbol
-  StartingSymbolIndex =12 for 2 OFDM symbols
· Option 2
-  StartingSymbolIndex =12 for 1 OFDM symbol
-  StartingSymbolIndex =11 for 2 OFDM symbols
In our view, in terms of demodulation performance, there is no obvious different between option1 and option 2 in FR2. So, we prefer to apply the same symbol position with FR1.
Proposal 3: For NR PUCCH performance requirement, there is no differentiation for symbol location for PUCCH with format 0 and format 2 for FR1 and FR2.
3	Simulation Results
In this section, based on the WF, the initial simulation results of NR PUCCH for each format are provided. 
As for test metric, NACK2ACK probability is the bottleneck of format1 compared with ACK missed detection probability, based on the simulation results for AWGN. In this paper, both NACK2ACK and ACK missed detection are chosen as for the test metric of format 1 under fading channel. Similar, we also chose them as the test metric for format 2 to check whether NACK2ACK is the bottleneck.
In table 2 and Table 3, the simulation results of format 0/1/2/3/4, as shown, respectively
Table 2: Simulation result for NR PUCCH for format 0/1 /2/3/4 in FR1 (to be updated)
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Format
	Channel
	DMRS pattern
	SCS& BW
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	ACK missed detection (<=1%)(DTX to ACK 1%)
	NACK2ACK
(<0.1%)
(DTX toACK1%)
	BLER
(1%)

	0
	TDL-A
	N.A
	15KHz, 10MHz
	1
	1
	1
	7.1
	N.A
	N.A

	0
	TDL-A
	N.A
	15KHz, 10MHz
	1
	2
	1
	
	N.A
	N.A

	1
	TDL-A
	7
	15KHz, 10MHz
	2
	14
	1
	-6.4
	-5.6
	N.A

	2
	TDL-A
	DMRS ratio=1/3
	15KHz, 10MHz
	4
	1
	4
	2.8
	1.3
	N.A

	2
	TDL-A
	DMRS ratio=1/3
	15KHz, 10MHz
	22
	2
	9
	N.A
	N.A
	

	3
	TDL-A
	Without additional DMRS
	15KHz, 10MHz
	16
	14
	1
	N.A
	N.A
	-2.1

	3
	TDL-A
	With additional DMRS
	15KHz, 10MHz
	16
	14
	1
	N.A
	N.A
	-2.2

	3
	TDL-A
	Without additional DMRS
	15KHz, 10MHz
	16
	4
	3
	N.A
	N.A
	

	3
	TDL-A
	With additional DMRS
	15KHz, 10MHz
	16
	4
	3
	N.A
	N.A
	

	4
	TDL-A
	Without additional DMRS
	15KHz, 10MHz
	22
	14
	1
	N.A
	N.A
	

	4
	TDL-A
	With additional DMRS
	15KHz, 10MHz
	22
	14
	1
	N.A
	N.A
	


Table 3: Simulation result for NR PUCCH for format 0/1/2/3/4 in FR2 (to be updated)
	Format
	Channel
	DMRS pattern
	SCS& BW
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	ACK missed detection (<=1%)(DTX to ACK 1%) 
	NACK2ACK
(<0.1%)
(DTX toACK1%)
	BLER
(1%)

	0
	AWGN
	N.A
	120KHz, 100MHz
	1
	1
	1
	-0.39
	N.A
	N.A

	0
	AWGN
	N.A
	120KHz, 100MHz
	1
	2
	1
	-3.91
	N.A
	N.A

	1
	AWGN
	7
	120KHz,
100MHz
	2
	14
	1
	-11.08
	
	N.A

	2
	AWGN
	DMRS ratio=1/3
	120KHz, 100MHz
	4
	1
	4
	-7.15
	
	N.A

	2
	AWGN
	DMRS ratio=1/3
	120KHz,
100MHz
	22
	2
	9
	N.A
	N.A
	

	3
	AWGN
	Without additional DMRS
	120KHz, 100MHz
	16
	14
	1
	N.A
	N.A
	-6.31

	3
	AWGN
	With additional DMRS
	120KHz, 100MHz
	16
	14
	1
	N.A
	N.A
	-6.77

	3
	AWGN
	Without additional DMRS
	120KHz, 100MHz
	16
	4
	3
	N.A
	N.A
	

	3
	AWGN
	With additional DMRS
	120KHz, 100MHz
	16
	4
	3
	N.A
	N.A
	

	4
	AWGN
	Without additional DMRS
	120KHz, 100MHz
	22
	14
	1
	N.A
	N.A
	

	4
	AWGN
	With additional DMRS
	120KHz, 100MHz
	22
	14
	1
	N.A
	N.A
	



As in the Table2 and Table3, 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:NACK2ACK detection probability for Format 2 is not the bottleneck compared with ACK missed detection probability. .
Proposal 4: 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 on the NR BS PUCCH demodulation, we provide our view about the remained issue of NR PUSCH demodulation requirement. 
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: Intra-slot frequency hopping is always enabling.  The frequency hopping pattern is preferred as option 1:
· Option1
· Starting PRB =0;
· SecondHopPRB = the largest PRB index – nrof PRBs
[bookmark: _GoBack]Proposal 3: For NR PUCCH performance requirement, there is no differentiation for symbol location for PUCCH with format 0 and format 2 for FR1 and FR2.
Observation 1:NACK2ACK detection probability for Format 2 is not the bottleneck compared with ACK missed detection probability. .
Proposal 4: ACK missed detection probability and DTX to ACK can be regarded as the test metric for Format 2
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