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1   Background
During RAN4#88 Montreal meeting, WF [1~2] about NR BS demodulation performance requirements were approved.
In this contribution, we would like to share our view about PUCCH demodulation performance requirements for those open issues.

2   Discussion
2.1   Intra-slot frequency hopping

· Intra-slot frequency hopping: enable
· Option 1: startingPRB = 0; secondHopPRB = the largest PRB – nrofPRBs
· Option 2: startingPRB = 2; secondHopPRB = the largest PRB index – nrofPRBs -2
· Other options are not precluded
For the frequency hopping offset in the frequency domain, it is configurable by higher layer signalling.
For option 2, it is trying to preclude the 2 PRBs at the two borders of frequency domain, we do not think it is a typical configuration in real network and it wastes 4 PRBs, also it is hard to justify this configuration can acquire better frequency hopping gain, LTE also use the same configuration, we think that it is feasible 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 scheduled 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} PRBs for PUCCH format 3.
Proposal 1: Select option 1 for startingPRB and secondHopPRB setting: Set startingPRB = 0; secondHopPRB = the max number PRB for the corresponding BW/SCS – the number of scheduled PRBs for PUCCH frequency hopping.
2.2   StartingSymbolIndex

In last RAN4#88 meeting, for the short PUCCH format 0 and 2, there are different views about starting symbol index for FR2:
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Generally the starting symbol index in option 1 starts from the last allocated symbols within one slot, thus the very limited UL symbols in one special slot can be used for short PUCCH transmission; the starting symbol index in option 2 skips the last two symbols within one slot, firstly it will require at least 3 or 4 UL symbols at the end of one slot, then for the special slot with configuration of S=10D:2G:2U cannot be used, option 2 is an unpractical configuration, option1 is natural and practical configuration.
Proposal 2: Select option 1 for FR2 startingSymbolIndex configuration, i.e.
· startingSymbolIndex = 13 for 1 OFDM symbol
· startingSymbolIndex = 12 for 2 OFDM symbols
2.3   Test metric

As per simulation results, companies observed that UE cannot meet Probability(NACK->ACK) < 10^(-3) when it meets Probability(DTX -> ACK) < 10^(-2) and Probability(ACK missed) < 10^(-2) for PUCCH format 1, and agreed to introduce test metric of NACK to ACK < 0.1%, at the same time, if UE can meet Probability(NACK->ACK) < 10^(-3), it will meet Probability(ACK missed) < 10^(-2), so companies think that it is not necessary to introduce Probability(ACK missed) < 10^(-2) if Probability(ACK missed) < 10^(-2) is introduced, we share the same view.
Proposal 3: Not introduce test metric of Missed Ack probability < 1% for PUCCH format 1.

For PUCCH format 2, whether additional NACK2ACK < 0..1% should be introduced or not, it should be based on the simulation results to ensure not introduce unnecessary test metric.
2.4   DMRS pattern for PUCCH formats 3 and 4
In this WF[2], whether additional DMRS should be configured for PUCCH format 3 and 4 FR2 is still open:

· DMRS pattern: 
· FR1: with and without additional DMRS
· FR2: 
· Without additional DMRS
· FFS with additional DMRS
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 additional DMRS can only be configured for PUCCH format 3 and 4 with symbol length larger than 9 symbols. Now RAN4 agreed to introduce non-slot based transmission for FR2, so very limited number of symbols will be scheduled for FR2, in such case, it is not necessary to consider configuration of additional DMRS for FR2.
Proposal 4: Not configure additional DM-RS for PUCCH format 3 and 4 for FR2.
3   Proposals
In this contribution, we further analyses the demodulation performance requirements definition for PUCCH, and give our proposals are:

Proposal 1: Select option 1 for startingPRB and secondHopPRB setting: Set startingPRB = 0; secondHopPRB = the max number PRB for the corresponding BW/SCS – the number of scheduled PRBs for PUCCH frequency hopping.
Proposal 2: Select option 1 for FR2 startingSymbolIndex configuration, i.e.

· startingSymbolIndex = 13 for 1 OFDM symbol
· startingSymbolIndex = 12 for 2 OFDM symbols
Proposal 3: Not introduce test metric of Missed Ack probability < 1% for PUCCH format 1.

Proposal 4: Not configure additional DM-RS for PUCCH format 3 and 4 for FR2.
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