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Introduction
Following RAN4#90b, only one major issue remains open for NR multi-slot PUCCH demodulation requirements, which is the choice of frequency hopping configuration. The corresponding way forward [1], captures this as follows:
	Frequency hopping
· Option 1: Inter-slot frequency hopping enabled and intra-slot frequency hopping disabled
· Option 2: both intra and inter slot frequency hopping are disabled
· Option 3: Inter-slot frequency hopping disabled, and intra-slot frequency hopping enabled
Agreement:
	Option 1 and 3 for further simulation



In this contribution we provide our views and proposals on the choice of frequency hopping configuration.

Simulation results
Following the WF of multi-slot PUCCH by ZTE [1], we ran simulations with the following setup:
Table 1: Simulation setup multi-slot PUCCH
	Parameters
	PUCCH Format 1

	BandWidth/SCS
	40 MHz/ 30kHz

	Antenna
	1T8R

	Propagation condition
	TDLC300-100; 

	Carrier frequency (GHz)
	4GHz; 

	(#Bits, #Symbols, #PRBs)
	(2, 14,1)

	initialCyclicShift
	0

	StartingSymbolIndex
	0

	Index of orthogonal sequence (time-domain-OCC)
	0

	Inter/Intra-slot frequency hopping
	Option 1: Enabled/Disabled

	
	Option 2: Disabled/Enabled

	number of slot 
	2

	[bookmark: _Hlk7469159]Test metric
	DTX to Ack probability <1%
	√

	
	Missed Ack probability < 1%
	√ 

	
	NACK2ACK < 0.1%
	√


Which led to the following results:
Table 2: Simulation results multi-slot PUCCH
	PUCCH FR1 1T8R, TDLC300-100
	Number of bits
	Number of OFDM symbols
	Number of PRBs
	Number of slot
	Inter/intra-slot frequency hopping
	Test metric
	SNR (dB) Ideal

	Format 1
	30kHz, 40MHz
	2
	14
	1
	2
	Enabled/Disabled
	ACK miss (1%)
	-17,7

	
	
	
	
	
	
	
	NACK to ACK (0.1%)
	-16,7

	
	
	
	
	
	
	Disabled/Enabled
	ACK miss (1%)
	-16,7

	
	
	
	
	
	
	
	NACK to ACK (0.1%)
	-15,6



[image: ]
Figure 1: Detailed simulation results

In our simulations, DTX to Ack probability is always ensured to be below 1%, hence we omitted the DTX to Ack test metric; similar to how this metric is not part the “standard” PUCCH simulation collection template [2].


Discussion
During the discussion of this topic at RAN4#90b [3], two main camps for Option 1 and Option 3 emerged. With the main arguments being:
· Option 1 should be chosen to since this configuration has better performance than the other options, with more range being the main point of using multi-slot in the first place.
· Option 3 should be chosen to match the configuration of single-slot PUCCH configuration, which makes sure that the multi-slot aspect is tested and not a mixture of repetition of slots and new frequency hopping.
Our simulation results from the previous section, show about a 1dB coverage gain for Option 1 over Option 3. It can be discussed, if this constitutes a substantial coverage gain or not.
We think that both options can be used to define valid minimum requirements, each with specific strengths and weaknesses. Though, our preference still lies with Option 3, but a majority decision on this topic is acceptable.
RAN4 to consider choosing option 3. If no unanimous decision can be reached, majority decision between option 1 and option 3 is acceptable.


Conclusion
In this contribution we have provided our views on the remaining NR multi-slot PUCCH demodulation issues. We have made the following proposal:
1. RAN4 to consider choosing option 3. If no unanimous decision can be reached, majority decision between option 1 and option 3 is acceptable.
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