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1	Introduction
During RAN4 AH07 meeting, the NR BS demodulation performance requirements are further discussed on the general issue and performance requirements test cases. Some general issues about NR PUCCH performance requirements are captured and agreed in the WF [1].In this contribution, we provide our view on the remaining issues 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 and without additional DMRS. The details mapping rule of number of PUCCH symbols, DMRS position, regardless of FH/ no FH are illustrated as in Table 1. 
Table 1: DMRS configuration and Position for NR PUCCH format 3 and 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 last meeting, as for DMRS pattern configuration, RAN4 group has discussion about whether performance requirement should be defined for both.  
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, 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 of case with 1 DMRS symbol per hop is lower than the case 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 of case with 1 DMRS symbol per hop is lower than the case 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
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]Proposal 1: Both with and without additional DMRS should be considered to define the  performance requirement for PUCCH format 3 and format 4,  considering together with the UCI payload, high speed scenario, and the coding rate .
2.2	Modulation
As for the MCS configuration, NR PUCCH can support both QPSK and pi/2 BPSK modulation. Use of pi/2 BPSK, instead of QPSK, for a PUCCH transmission using PUCCH format3 or 4 is indicated by high layer signaling. As indicated in spec, the block of scramble bits for PUCCH format 3 or 4 shall be modulated using QPSK unless pi/2 BPSK is configured. 
It is common assumption that for a given deployment (carrier frequency, bandwidth, antenna arrangement), NR should support at least as good coverage as LTE for all data rates.  Thus, at least when operating with DFT-s-OFDM, NR should support output power as LTE for all modulation orders. In our view, the main benefit of Pi/2 BPSK is to lower PAPR of the transmitted signal, enabling higher PA output power, alternatively increased PA efficiency and reduces PA cost for the same output power. 
There was a discussion whether spectrum sharping should be applied for pi/2 BPSK, aiming to further lower PAPR of the transmitted signal in RAN1. In current NR RS signal, it generates based on ZC sequence, which has low PAPR and provides nearly the same output power as that of pi/2 BPSK with spectrum shaping. In case of ZC based RS, the RS does not go through spectrum filter. The BS receiver should have the knowledge of spectrum sharping filter used by the pi/2 BPSK PUCCH data or PUSCH data. However, there is no specification about the spectrum shaping in RAN1. In our view, it depends on the BS implementation. Normally, the performance of without/with spectrum sharping pi/2 BPSK is different, considering the details of PA model, and the model of channel estimation shape. 
Also, based on the latest agreement of RAN4 and RAN plenary about the UE feature list, pi/2 BPSK is optional feature in FR1, mandatory feature with capability signaling in FR2. In our view, we should focus on the most essential feature in Rel-15. Thus, we recommend that there is no performance requirement for pi/2 BPSK in Rel-15.
Proposal 2: For NR PUCCH performance requirement, no performance requirement would be defined for Pi/2 BPSK in Rel-15. 
2.3	Test Metric
Based on the latest agreement, the test metric for NR PUCCH will use the LTE legacy way defined in 36.104 as follows:
· Format 0:
· DTX to ACK probability <1%
· Missed ACK probability <1%
· Format 1:
· DTX to ACK probability <1%
· Missed ACK probability <1%
· FFS: whether to use NACK2ACK as the test metric
· Format 2:
· DTX to ACK probability < 1%, [Missed ACK probability <1%, if number of bits <=11]
· [BLER if number of bits > 11]
· Format 3:
· DTX to ACK probability <1%, [Missed ACK probability <1%, if number of bits <=11]
· [BLER if number of bits > 11]
· Format 4:
· DTX to ACK probability <1%, [Missed ACK probability <1%, if number of bits <=11]
· [BLER if number of bits > 11]
As mentioned above, the metric of NACK to ACK detection probability is also discussed as the test metric of NRPUCCH format1.
ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. For this metric, it contains two error cases, one is not detection at all due the DTX threshold, and another is ACK bits decoded as NACK bits.
 NACK to ACK detection probability is the probability than an ACK bit is falsely detected when an NACK bit was sent on the particular bit position, where the NACK to ACK detection probability is defined as follows:
[image: ]
For NACK to ACK probability, in our view, this requirement is only available for larger number of AN bits cases.  In LTE Rel-10, format 3 applied NACK to ACK probability as test metric, and it is only available for 16AN bits cases. When the UCI payload is 4AN bits, the typical metric is ACK missed detection probability. 
Fundamentally, the different between ACK missed detection and NACK to ACK detection probability depends on the value of DTX threshold. Without the DTX threshold, the performance should be same statistically.
For NR PUCCH format 1, considering current agreement for the number of UCI bits is 2 for format1, in our view, the performance requirement of ACK missed probability and NACK to ACK detection probability should be no obvious different. 
In terms of minimum requirement, the target SNR for ACK missed detection probability shall not exceed 1%, while for NACK to ACK probability; it should not exceed 0.1%.  Generally, the target SNR of these two metric should be different. Thus, in term of the minimum requirement, whether BS should pass the requirement simultaneously. We should have further discussion in case of only one requirement satisfied.
In order to avoid this phenomenon, we prefer only DTX to ACK probability and ACK missed detection probability are applied as test metric for the performance requirement of NR PUCCH Format 1.
Proposal 3: for the performance requirement of NR PUCCH Format 1 only DTX to ACK probability and ACK missed detection probability would be considered as test metric.
3	Conclusion
In this contrition, 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. 
[bookmark: _GoBack]Proposal 1: Both with and without additional DMRS should be considered to define the performance requirement for PUCCH format 3 and format 4, considering together with the UCI payload, high speed scenario, and the coding rate.

Proposal 2: For NR PUCCH performance requirement, only QPSK modulation is considered in Rel-15. 
Proposal 3: For the performance requirement of NR PUCCH Format 1 only DTX to ACK probability and ACK missed detection probability would be considered as test metric.
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