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Introduction
This paper extends the discussion with Nokia’s views on PUCCH BS demodulation requirements on [2] considering the outcome of RAN4 #98-e meeting on that topic [1]. Among the topics discussed on this paper are the channel models, test metrics, and OCC parameters for each evaluation scenario. Simulation results for that topic are also presented in a companion paper [3]. 
PUCCH demodulation requirements
General issues
One open issue that covered all the PUCCH formats from the last meeting was related to the propagation condition as [1]:
	· Propagation conditions
· Option 1: TDLA30-10 
· Option 2: TDLC300-100 
· 



The existing Rel. 15 requirements for PUCCH are defined for TDLC300-100. 
[bookmark: _Toc61625785]Reuse Rel. 15 approach whenever possible and specify interlaced PUCCH requirements with TDLC300-100. 
PF0 and PF1 formats
Regarding the test metric for evaluation of the interlaced PUCCH sequences for PF0 and PF1, the following open issue remained open from the last meeting [1]:
	PUCCH format 0
· Test metric
· Option 1: only Rel-15 test metric
· Option 2: 3 test metrics
· SNR@Prob(ACK miss)≤10^(−2)
· SNR @Prob(PUCCH DTX→Ack bits)  ≤ 10^(−2)
· SNR@Prob(NACK→ACK)≤10^(−3)
PUCCH format 1
· Test metric
· Option 1: only Rel-15 test metric
· Option 2: 3 test metrics
· SNR@Prob(ACK miss)≤10^(−2)
· SNR @Prob(PUCCH DTX→Ack bits)  ≤ 10^(−2)
· SNR@Prob(NACK→ACK)≤10^(−3)




As part of the Rel 15 NR requirements for PUCCH, the following test metrics are currently used:
· General (Clause 8.3.1)
· Prob(PUCCH DTX→Ack bits)  ≤ 10^(−2)
· PF0 (Clause 8.3.2)
· Prob(Ack missed detection) ≤ 10^(−2)
· PF1
· Clause 8.3.3.1 NACK to ACK requirements
· [bookmark: _Hlk61427827]Prob(PUCCH NACK→ACK bits)  ≤ 10^(−3)
· Clause 8.3.3.2 ACK missed detection requirements
· Prob(Ack missed detection) ≤ 10^(−2)
Considering the PUCCH format 0, the Option 2 proposed last meeting introduces a new term that is currently not tested in Rel 15 NR requirements, Prob(NACK→ACK)≤10^(−3). In our companion paper containing simulation results, we show that the Rel. 15 metric with misdetection probability results in a larger SNR in comparison to the NACK to ACK error, i.e. Prob(Ack missed detection) ≤ 10^(−2) is -5.8 dB while Prob(PUCCH NACK→ACK bits)  ≤ 10^(−3) results in -7.3 dB. As a result, the metric using NACK to ACK probability is not necessary, since the misdetection metric provides a more restrictive specification. 
[bookmark: _Toc61625786]For the PUCCH format 0, the SNR using the misdetection metric results in an SNR 1.5 dB larger than for the NACK to ACK metric. 
[bookmark: _Toc61625787]RAN4 to reuse Rel 15 metric for interlaced PUCCH format 0. 
Considering the options for PUCCH format 1, the Rel-15 metric is already contained as part of the metric proposed in Option 2. Therefore, we understand that both options for test metric are equivalent. 
[bookmark: _Toc61625788]Rel-15 metric for PUCCH format 1 already includes Prob(ACK miss), Prob(PUCCH DTX→Ack bits), and Prob(NACK→ACK). 
[bookmark: _Toc61625789]RAN4 to reuse Rel-15 metric for PUCCH format 1 with NACK to ACK requirements and ACK missed detection requirements. 
PF2 and PF3 formats
The open options for format 2 from the last RAN4 #97-e meeting are [1]:
	· Information bits
· Option 1: 4 bits or 22 bits
· Option 2: 22 bits 
· OCC configuration
· Option 1: Not configure
· Option 2: OCC length n2



For format 3 from the last RAN4 #97-e meeting are [1]:
	· information bits
· Option 1: 16
· Option 2: 16 and 4 (4 for 14 os)
· Number of OFDM symbols
· Option 1: Both 4 and 14
· Option 2: 4
· Option 3: 14 
· OCC length
· Option 1: n1  
· Option 2: n2  



Considering the number of information bits, and OFDM symbols for interlaced PUCCH formats 2 and 3, it is our opinion that it should be enough RAN4 objective to guarantee that interlaced implementation is properly tested. As an example, Rel 15 requirements already include requirements for PUCCH format 2 with payload size covering polar code and Reed-Muller cases. Therefore, as part of the NR-U performance requirements, it should be enough to define performance requirements for one case only, considering that a gNB also has to conform to Rel. 15 performance requirements. 
[bookmark: _Toc61625790]Tests for PUCCH format 2 with two payload sizes covering both polar code and Reed-Muller are already specified for the Rel. 15 PUCCH format 2. 
[bookmark: _Toc61625791]RAN4 to specify requirements for only one combination of information bits and OFDM symbols for interlaced PUCCH formats 2 and 3. 
[bookmark: _Toc61625792]RAN4 to specify requirements for interlaced PUCCH format 2 with 22 bits. 
[bookmark: _Toc61625793]RAN4 to specify requirements for interlaced PUCCH format 3 with 16 bits and 4 OFDM symbols. 
With the use of interlaced PUCCH the minimum number of PRBs used for PUCCH is increased in comparison to the non-interlaced PUCCH formats. Since the allocation is in interlaces of 11 PRBs, an allocation using an smaller amount of resources as in normal PUCCH is not possible.  For this reason, further options for OCC were introduced for interlaced PUCCH formats 2 and 3. This is an important feature, since it enables user multiplexing in the same time/frequency resources, resulting in more efficient resource utilization. 
[bookmark: _Toc61625794]OCC lengths n2 and n4 are introduced as an NR-U feature for PUCCH formats 2 and 3 in Rel. 16
[bookmark: _Toc61625795]OCC lengths n2 and n4 are important for efficient resource utilization when using interlaced PUCCH formats 2 and 3. 
[bookmark: _Toc61625796]RAN4 to specify requirements for PUCCH formats 2 and 3 with only 1 OCC configuration. 
[bookmark: _Toc61625797]RAN4 to specify requirements only with OCC length n2 for interlaced PUCCH formats 2 and 3. 

Specification structure
The current specification structure includes separate clauses for PUCCH formats 0 to 4, and multi-slot PUCCH [4][5] [6]. One option for including the interlaced PUCCH requirements is to extend the current structure with clauses dedicated for NR-U. If this option is adopted the different configurations and assumptions for the interlaced formats can be more clearly represented in the specification text. 
[bookmark: _Toc61625798]RAN4 to create new clauses for the performance requirements of interlaced PUCCH formats “Performance requirements for interlaced PUCCH format X” in 38.104, 38.141-1 and 38.141-2. 
If the previous proposal is accepted, the resulting specification structure would be for 38.104 [4]
	8.3 Performance requirements for PUCCH
8.3.1 DTX to ACK probability
8.3.2 Performance requirements for PUCCH format 0
8.3.3 Performance requirements for PUCCH format 1
8.3.4 Performance requirements for PUCCH format 2
8.3.5 Performance requirements for PUCCH format 3
8.3.6 Performance requirements for PUCCH format 4
8.3.7 Performance requirements for multi-slot PUCCH
8.3.8 Performance requirements for interlaced PUCCH format 0
8.3.9 Performance requirements for interlaced PUCCH format 1
8.3.10 Performance requirements for interlaced PUCCH format 2
8.3.11 Performance requirements for interlaced PUCCH format 3

(…)
11.3 Performance requirements for PUCCH
11.3.1 Requirements for BS type 1-O
11.3.1.1 DTX to ACK probability
11.3.1.2 Performance requirements for PUCCH format 0
11.3.1.3 Performance requirements for PUCCH format 1
11.3.1.4 Performance requirements for PUCCH format 2
11.3.1.5 Performance requirements for PUCCH format 3
11.3.1.6 Performance requirements for PUCCH format 4
11.3.1.7 Performance requirements for interlaced PUCCH format 0
11.3.1.8 Performance requirements for interlaced PUCCH format 1
11.3.1.9 Performance requirements for interlaced PUCCH format 2
11.3.1.10 Performance requirements for interlaced PUCCH format 3
11.3.2 Requirements for BS type 2-O


for 38.141-1 [5]
	8.3 Performance requirements for PUCCH
8.3.1 Performance requirements for PUCCH format 0
8.3.2 Performance requirements for PUCCH format 1
8.3.3 Performance requirements for PUCCH format 2
8.3.4 Performance requirements for PUCCH format 3
8.3.5 Performance requirements for PUCCH format 4
8.3.6 Performance requirements for multi-slot PUCCH
8.3.7 Performance requirements for PUCCH format 0
8.3.8 Performance requirements for PUCCH format 1
8.3.9 Performance requirements for PUCCH format 2
8.3.10 Performance requirements for PUCCH format 3


and for 38.141-2 [6] 
	8.3	OTA performance requirements for PUCCH
8.3.1	Performance requirements for PUCCH format 0
8.3.2	Performance requirements for PUCCH format 1
8.3.3	Performance requirements for PUCCH format 2
8.3.4	Performance requirements for PUCCH format 3
8.3.5	Performance requirements for PUCCH format 4
8.3.6	Performance requirements for multi-slot PUCCH format
8.3.7	Performance requirements for PUCCH format 0
8.3.8	Performance requirements for PUCCH format 1
8.3.9	Performance requirements for PUCCH format 2
8.3.10	Performance requirements for PUCCH format 3


[bookmark: _Hlk31794208]Conclusion
This paper presented Nokia’s views on the demodulation requirements of interlaced PUCCH for use on unlicensed bands. As part of this discussion, the following observations and proposals were derived:
Proposal 1: Reuse Rel. 15 approach whenever possible and specify interlaced PUCCH requirements with TDLC300-100.
Observation 1: For the PUCCH format 0, the SNR using the misdetection metric results in an SNR 1.5 dB larger than for the NACK to ACK metric.
Proposal 2: RAN4 to reuse Rel 15 metric for interlaced PUCCH format 0.
Observation 2: Rel-15 metric for PUCCH format 1 already includes Prob(ACK miss), Prob(PUCCH DTX→Ack bits), and Prob(NACK→ACK).
Proposal 3: RAN4 to reuse Rel-15 metric for PUCCH format 1 with NACK to ACK requirements and ACK missed detection requirements.
Observation 3: Tests for PUCCH format 2 with two payload sizes covering both polar code and Reed-Muller are already specified for the Rel. 15 PUCCH format 2.
Proposal 4: RAN4 to specify requirements for only one combination of information bits and OFDM symbols for interlaced PUCCH formats 2 and 3.
Proposal 5: RAN4 to specify requirements for interlaced PUCCH format 2 with 22 bits.
Proposal 6: RAN4 to specify requirements for interlaced PUCCH format 3 with 16 bits and 4 OFDM symbols.
Observation 4: OCC lengths n2 and n4 are introduced as an NR-U feature for PUCCH formats 2 and 3 in Rel. 16
Observation 5: OCC lengths n2 and n4 are important for efficient resource utilization when using interlaced PUCCH formats 2 and 3.
Proposal 7: RAN4 to specify requirements for PUCCH formats 2 and 3 with only 1 OCC configuration.
Proposal 8: RAN4 to specify requirements only with OCC length n2 for interlaced PUCCH formats 2 and 3.
Proposal 9: RAN4 to create new clauses for the performance requirements of interlaced PUCCH formats “Performance requirements for interlaced PUCCH format X” in 38.104, 38.141-1 and 38.141-2.
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