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1	Introduction
During RAN#82 meeting, the status report of Rel-15 NR WI is presented. As mentioned in the report, for NR BS performance requirements, due to lack of simulation results, some requirements, test parameters and configurations are still remaining TBD. Additional work is needed to further alignment simulation results with aiming to specify the requirement, and correct the requirement due to unachievable performance measures. Meanwhile, some open issues related PUCCH performance requirements are required to further discussion.
In this contribution, we provide our view on the remained issue of PUCCH performance requirement. 
2	Discussion
2.1	Multi-slot PUCCH
NR supports various numerologies (SCS=15, 30, 60, or 120 KHz) with symbol duration becoming shorter with larger SCS. For larger SCS, such as 120 KHz, long PUCCH might not be enough for sufficient UL coverage. In order to improve UL coverage, Multi-slot PUCCH transmission method is supported. As agreed in the WF [], RAN4 will introduce the performance requirements for multi-slot PUCCH for FR1 in Rel-15. As for the details test parameters, this group has less time for discussion and will discuss during this meeting. One proposal about multi-slot PUCCH requirement in FR1 is proposal in previous meeting
· Introduce requirements for PUCCH Formats 1 and 3 with slot repetition N= 2 and 4
· Define requirements by adding -10 log(N)+[X] Db to single-slot PUCCH requirements, where X accounts for loss due to channel estimation and other errors
X
Option 1: X=1
Other options are not precluded.
· Other options are not precluded.

Based on RAN1 UE feature list, PUCCH format 1/3/4 can support multi slot transmission, the number of slot can be supported with 2/4/8. For PUCCH repletion, the starting OFDM symbol and during within a slot is always same. 
The performance gain achieved by multi-slots transmission, depends on many factors, such as practical channel estimation, frequency hopping type, as well as practical LLR combination method. For example, in case of multi-slot transmission, whether cross-slot channel estimation will be applied. In case of frequency hopping, both frequency hopping across different slots and within a slot can be supported, the hopping pattern is different for two kinds of hopping type.

Observation 1: A unified value adding to single-slot PUCCH requirement is not enough accuracy to reflect practical requirement of multi-slot PUCCH.
For PUCCH format 1/3/4, RAN4 has already specified the performance requirement with following test case.
	Parameters
	PUCCH format 1
	PUCCH format 3
	PUCCH format 4

	BW
	FR1: 15KHz 5MHz, 10MHz, 20MHz
30KHz, 10MHz, 20MHz, 40MHz, 100MHz
FR2: 60KHz,  50MHz, 100MHz
120KHZ, 50MHz, 100MHz, 200MHz

	Antenna configuration
	1T2R, 1T4R and 1T8R for FR1, 1T2R for FR2

	Propagation Condition
	TDLC300-100: FR2: TDLA30-300

	Carrier frequency (GH)
	FR1: TDL300-100: FR2:TDLA30-200

	(#Bit, # Symbols, #PRB)
	(2,14,1)
	(16,14,1)
(16,4,3)
	(22,14,1)

	DMRS pattern
	
	FR1:
Without additional DMRS for all cases
With additional DMRS for cases with the number of OFDM symbols more than 9
FR2: Without additional DMRS

	Modulation
	
	QPSK

	Starting SymbolIndex
	0
	

	Index of orthogonal
	0
	

	Occ-Length
	
	n2

	Occ-Index
	
	

	Test metric
	DTX to ACK  probability < 1%
	√
	x

	
	Missed ACK probability < 1%
	√
	x

	
	NACK2ACK <0.1%
	√
	x

	
	BLER < 1%
	x
	√



Currently, RAN4 has specified many test cases for single-slot PUCCH transmission, heavy workload to align and finalize the performance requirement are still needed. Obviously, defining the requirements for Format 1/3/4 with multi-slot transmission under all the supported number of slots, is impractical, considering it need to cover the defined SCS and BW combination. In order to reduce the effort, we need to down select the test cases for multi-slot PUCCH. 
For Format 3, the number of RB can be configured to support 16 RB; the number of allocated symbols can be configured 4 to 14. In order to match the coverage, the low coding rate can be chosen aiming to achieve coding gain, which can be controlled by the number of allocated RBs (and the number of allocated symbols) for the PUCCH transmission.  Meanwhile, additional DMRS can be supported; with good channel estimation results can achieve better performance. For Format4, it can also support additional DMRS. For format 1, UCI payload is less than 2bit,. The modulation UCI bits is multiplied with a sequence, there is no coding gain achieved.
In the previous meeting, one company submitted the initial simulation results with comparison of LTE single slot and NR PUCCH with multi-slot transmission. Although the simulation assumption is different with RAN4 agreed, it can provide some insight of the performance gain with multi-slot PUCCH. Also, based on the simulation result in this meeting, Format 1 has higher priority, considering the gap with compared LTE PUCCH. Hence, we prefer to specify the multi-slot PUCCH format 1with high priority.
Proposal 1: Priority to specify the performance requirement with Format 1 for multi-slot PUCCH transmission
As for the frequency hopping, UE can be configured. The UE transmits the PUCCH starting a first PRB, provided by the higher layer parameter starting PRB in the slots with even number and starting from the second PRB, provided by higher layer parameter secondHop PRB in slots with odd number. While for the frequency hopping within a slot, the hopping pattern between the first PRB and the second PRB is same with each slot. For single-slot PUCCH transmission, the frequency hopping is enabled. In order to obtain frequency diversity similar with single –slot PUCCH, hence, we would link to define performance requirement for inter slot frequency hopping enabled for multi-slot PUCCH transmission.
For the hopping pattern, 
· Inter slot frequency hopping: enable
· StartingPRB =0 for slot with even number 
· SecondHop = the largest PRB index - nrofPRBs for slot with odd number

Proposal 2: Inter slot frequency hopping is enable across different slots; frequency hopping within a slot is not configured. 
· Inter slot frequency hopping: enable
· StartingPRB =0 for slot with even number
· SecondHop = the largest PRB index - nrofPRBs  for slot with odd number 

As for the number of slot for transmission, NR can support 2/4/8 slots. Considering current channel propagation for FR1 is TDL300-100, it seems that during of 8 slots is close to the channel coherence time. Whether the receiver diversity can be obtained need to be further investigated. On the hand, large number of slot will result in huge simulation time. Hence, we would like to specify the multi-slot PUCCH performance with 2 slots as first priority aiming to reduce test effort.
Proposal 3: Prioritized to specify the multi-slot PUCCH performance requirement with 2 slots.
2.2	RF timing mask
In the last meeting, the issue of timing mask is raised. The transmit ON/OFF time mask defines the transient period (s) allowed.
 -	Between transmit OFF power and transmit ON power symbols (transmit ON/OFF)
-	Between continuous ON-power transmissions when power change or RB hopping is applied.
In case of RB hopping, transition period is shared symmetrically. 
RAN4 has specified requirements with 2 symbols under frequency hopping enable for format 0 and format 2. For larger SCS, in case of frequency hopping, there is 5us transient period. For 120 SCS, the symbol period is very short, equals to 9 us, for each symbol, 2.5us is applied for transition period, which is larger then the CP length. In that case, BS cannot receive the completely OFDM symbol. To some extent, some samples within OFDM symbol. Even with AGC adjusting or FEC, the demodulation performance will be impacted. Hence, we would like to remove the test cases with Format 0 and Format 2 with 2 symbols when the frequency hopping is enabled.
Proposal 4: Remove the test case with Format 0 and Format 2 with 2 symbols under frequency hopping.



3	Conclusion
In this contribution, we provided our view about the remained issue of NR PUCCH demodulation requirement.
Observation 1: A unified value adding to single-slot PUCCH requirement is not enough accuracy to reflect practical requirement of multi-slot PUCCH.
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Proposal 2: Inter slot frequency hopping is enable across different slots; frequency hopping within a slot is not configured. 
· Inter slot frequency hopping: enable
· StartingPRB =0 for slot with even number
· SecondHop = the largest PRB index - nrofPRBs  for slot with odd number 

Proposal 3: Prioritized to specify the multi-slot PUCCH performance requirement with 2 slots.
Proposal 4: Remove the test case with Format 0 and Format 2 with 2 symbols under frequency hopping.
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