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1   Background
During RAN4#AH1807 Montreal meeting, WF [1] about NR BS demodulation performance requirements was approved. The general work methods and scopes were outlined.

In this contribution, we would like to share our view about PUCCH demodulation performance requirements for those open issues.

2   Discussion
2.1   Test metric
As per the core specification, channel coding for small block lengths is used for payload size 1-11; Polar coding is used for payload size >= 12bits. CRC L = 6 is used for 
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, so from this point of view, we think that test metric of 1% DTX to ACK, [0.1% NACK to ACK] and 1% ACK missed detection for payload size of 1-11 bits and test metric of 1% BLER for payload size larger than 11 bits is reasonable.

As per our simulation results [3] for PUCCH format 1, we can know that UE cannot meet Probability(NACK->ACK) < 10^(-3) when it meets both Probability(DTX -> ACK) < 10^(-2) and Probability(ACK missed) < 10^(-2), so we think all three test metrics should be evaluated for PUCCH format 1 demodulation performance requirements.
Proposal 1: Set the test metric as:

Use 1% DTX to ACK and 1% ACK missed detection test metric for payload size of 1-11 bits; Use 1% BLER for payload size larger than 11 bits; additional 0.1% NACK to ACK test metric for PUCCH format 1 demodulation performance requirements.
2.2   Number of antenna

In the WF[2] the general part of NR UL performance, only 2Rx, 4Rx and 8Rx are agreed for FR1 conducted tests, the specific number of Tx is not specified. As per the core specification, there is no transmit diversity for PUCCH, i.e. only 1Tx is supported, considering the precoding will destroy the orthogonal of different users for those PUCCH formats with code division multiplexing.
Proposal 2: Define PUCCH performance requirements with 1Tx in Rel-15.
2.3   Intra-slot frequency hopping

· Intra-slot frequency hopping: enable
· Option 1: startingPRB = [0];secondHopPRB = [the largest PRB – nrofPRBs]
· Other options are not precluded
As per core specification TS 38.211, the frequency hopping interval is specified for long PUCCH formats 1, 3 and 4: the number of symbols in the first hop is given by 
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 is the length of the PUCCH transmission in OFDM symbols. For short PUCCH formats 0 and 2 with 2 symbols allocated, it is naturally to equally split 1 symbol in the first and second hop.
But for the frequency hopping offset in the frequency domain, it is configurable by higher layer signalling:

PUCCH-Resource ::= 





SEQUENCE {


pucch-ResourceId





PUCCH-ResourceId,


startingPRB






PRB-Id, 


intraSlotFrequencyHopping


ENUMERATED { enabled }

OPTIONAL,
-- Need R


secondHopPRB






PRB-Id






OPTIONAL,
-- Need R


format








CHOICE {



format0








PUCCH-format0,

-- Cond InFirstSetOnly



format1








PUCCH-format1,

-- Cond InFirstSetOnly



format2








PUCCH-format2,

-- Cond NotInFirstSet



format3








PUCCH-format3,

-- Cond NotInFirstSet



format4








PUCCH-format4

-- Cond NotInFirstSet


}

}

PRB-Id ::=






INTEGER (0..maxNrofPhysicalResourceBlocks-1)

It is hard to decide a median PRB value for the second hop, to get max frequency gain and also follow LTE test configuration, we think that it is a good choice to set startingPRB = 0; secondHopPRB = max number of PRB – nrofPRBs, here the max number of PRB is the max number of PRBs in the corresponding bandwidth and subcarrier spacing; nrofPRBs is the schedule number of PRB for PUCCH, it is 1 PRB for PUCCH format 0, 1 and 4, 1-16 PRB for PUCCH format 2 and {1-6, 8-10,12,15, 16} PRB for PUCCH format 3.
Proposal 3: Set startingPRB = 0; secondHopPRB = the max number PRB for the corresponding BW/SCS – the number of scheduled PRBs for PUCCH.
2.4   DMRS pattern for PUCCH formats 3 and 4
In this WF[1], the DMRS pattern for PUCCH format 3 and 4 is still open:

· DMRS pattern: [with additional DMRS and without additional DMRS]
· Companies can further check whether requirements shall be defined for both, and whether they are applicable to both FR1 and FR2
PUCCH format 3/4:
With the intra-slot frequency hopping, there are two DMRS pattern with and without additional DM-RS as listed in Table  6.4.1.3.3.2-1 of TS 38.211:

Table 6.4.1.3.3.2-1: DM-RS positions for PUCCH format 3 and 4.

	PUCCH length
	DM-RS position 
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 within PUCCH span

	
	No additional DM-RS
	Additional DM-RS

	
	No hopping
	Hopping
	No hopping
	Hopping

	4
	1
	0, 2
	1
	0, 2

	5
	0, 3
	0, 3

	6
	1, 4
	1, 4

	7
	1, 4
	1, 4

	8
	1, 5
	1, 5

	9
	1, 6
	1, 6

	10
	2, 7
	1, 3, 6, 8

	11
	2, 7
	1, 3, 6, 9

	12
	2, 8
	1, 4, 7, 10

	13
	2, 9
	1, 4, 7, 11

	14
	3, 10
	1, 5, 8, 12


From the above table, we can know that PUCCH length larger than 9 symbols, additional DMRS can be configured. In last RAN4#AH_1807, cases for PUCCH format 3: (#Bits, #Symbols, #PRBs) = (16, [4], 1) and (16, 14, 1); cases for PUCCH format 4: (#Bits, #Symbols, #PRBs) = (22, 14, 1). So it is only meaningful to define performance requirements with additional DMRS for cases (16, 14, 1) for PUCCH format 3 and (22, 14, 1) for PUCCH format 4. To differentiate the performance with and without additional DMRS, if RAN4 agrees to define additional cases for PUCCH format 3, we suggest to change the number of symbol 4 to a larger value, such as 10 symbols.
Proposal 4: Configure performance requirements with and without additional DM-RS for PUCCH format 3 and 4 with number of symbols larger than 9.
3   Proposals
In this contribution, we further analyses the demodulation performance requirements definition for PUCCH, and give our proposals are:

Proposal 1: Set the test metric as:

Use 1% DTX to ACK and 1% ACK missed detection test metric for payload size of 1-11 bits; Use 1% BLER for payload size larger than 11 bits; additional 0.1% NACK to ACK test metric for PUCCH format 1 demodulation performance requirements.
Proposal 2: Define PUCCH performance requirements with 1Tx in Rel-15.
Proposal 3: Set startingPRB = 0; secondHopPRB = the max number PRB for the corresponding BW/SCS – the number of scheduled PRBs for PUCCH.
Proposal 4: Configure performance requirements with and without additional DM-RS for PUCCH format 3 and 4 with number of symbols larger than 9.
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