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1. Introduction
[bookmark: _Hlk528680199]In the last RAN4 meeting, companies have discussions on the NR extended to 71GHz demodulation requirements. Following WF [3] was agreed on the PUCCH demodulation requirement part. 
Issue 2-4-1: Scope of PUCCH performance requirements
Define performance requirements for the enhanced PUCCH formats 0, 1, and 4.
Define new requirements for PUCCH formats 2 and 3.
Issue 2-4-2a: Detailed PUCCH test setup for PUCCH format 0
Number of PRBs:
· Option 1: 16 (enhanced format)
· Option 2: 10 (enhanced format)
Number of OFDM symbols: 
· Option 1: 1
· Option 2: 1 and 2
Intra-slot frequency hopping: enabled if number of OFDM symbols higher than 1
Test metric: ACK missed detection rate < 1%

Issue 2-4-2b: Detailed PUCCH test setup for PUCCH format 1
Number of PRBs:
· Option 1: 1 
· Option 2: 16 (enhanced format)
· Option 3: 10 (enhanced format)
Number of OFDM symbols: 
· Option 1: 14
Intra-slot frequency hopping: enabled
Test metric: ACK missed detection rate < 1% and NACK to ACK probability < 0.1%

Issue 2-4-2c: Detailed PUCCH test setup for PUCCH format 2
Number of PRBs:
· Option 1: 9
Number of OFDM symbols: 
· Option 1: 2
· Option 2: 1 and 2
Intra-slot frequency hopping: enabled
Test metric: ACK missed detection rate < 1%, UCI BLER < 1%

Issue 2-4-2d: Detailed PUCCH test setup for PUCCH format 3
Number of PRBs:
· Option 1: 1 and 3
Number of OFDM symbols: 
· Option 1: 14 and 4
· Option 2: 4
Additional DMRS
· Option 1: With and without
· Option 2: Without
Intra-slot frequency hopping: enabled 
Test metric: UCI BLER < 1%

Issue 2-4-2e: Detailed PUCCH test setup for PUCCH format 4
Number of PRBs:
· Option 1: 16 (Enhanced)
· Option 2: 10 (Enhanced)
Number of OFDM symbols: 
· Option 1: 14
Additional DMRS
· Option 1: With and without 
Intra-slot frequency hopping: enabled 
Test metric: UCI BLER < 1%

In this contribution, open issues for PUCCH demodulation requirements will be further analyzed.     

2. Discussion
2.1 	 General
PRB numbers for multi-PRB PUCCH format
The maximum of multiple PRB for enhanced PUCCH is 16. Based on our simulation [4], there is no issue for 16 PRBs and the performance gain is 2dB compared to 10 PRBs which is aligned with the bandwidth gain. To check the performance, it would be better to define the requirement with the largest configuration. 
On the other hand, FR2-2 band could be applied for both licensed and unlicensed deployment, then the UE power regulation for FR2-2 in different regions should also be considered. After checking TR38.807 [2], the regulations on 60GHz as shared access spectrum are captured in following Table 2.1-1. The calculation on UE power limitation can be summarized in Table 2.1-2. 
Table 2.1-1 Regional Power Limitations
	Region
	Maximum Conducted Power, Pmax (dBm)

	US
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm – TxBF ["FCC EIRP"]
Conducted power limit as a function of PUCCH BW per hop:
     Pmax_P = 27 dBm – max(0, 10*log10(100 / BW)) ["FCC 100 MHz"]
Combined limit:
     Pmax = min(Pmax_P, Pmax_EIRP)

	Europe
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm – TxBF ["ETSI EIRP"]
Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 23 dBm/MHz + max(0, 10*log10(BW)) – TxBF ["ETSI PSD"]
Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	South Korea
	Conducted power limit due to EIRP limit: 
     Pmax_EIRP = 43 dBm – TxBF   when an equipment is >=300m from an astronomical antenna
     Pmax_EIRP = 27 dBm – TxBF   when an equipment is <300m from an astronomical antenna ["SK EIRP"]
Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW)) – TxBF ["SK PSD"]
Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	TxBF: Transmit antenna beamforming gain
BW: PUCCH bandwidth per hop in MHz



Table 2.1-2 UE Power Limitations
	UE Power Limitations expressed in terms of maximum conducted power

	Conducted power limit due to UE_EIRP:
     Pmax_EIRP = UE_EIRP – TxBF ["UE-Limit-EIRP"]
 Conducted power limit due to UE_P:
     Pmax_P = UE_P – backoff ["UE-Limit-P“]
Combined limit:
     Pmax = min(Pmax_P, Pmax_EIRP)

	TxBF: Transmit antenna beamforming gain
backoff: Backoff required due to fluctuations in power, approximated with cubic metric
UE_EIRP: UE equivalent isotropic radiated power
UE_P: UE maximum allowed transmit power



If we assume UE_EIRP = 25dBm, UE_P = 21dBm and TxBF = 6dBi as an example, the maximum useful bandwidth and number of PRBs for each SCS can be summarized in Table 2.1-3. In this example, the maximum PRBs for Europe would be very limited for all SCSs. 
Table 2.1-3 Example for maximum useful bandwidth and number of RBs
	Region
	Maximum useful bandwidth
	Maximum number of RBs for 
120 kHz/ 480 kHz /960 kHz

	US
	15.8 MHz
	11 / 3 / 2

	Europe
	1.6 MHz
	2 / 1 / 1

	South Korea
	15.8 MHz
	11 / 3 / 2



Observation 1: Different maximum PRBs would be applied for different SCS regarding to power regulation on shared access spectrum. 
Observation 2: It will be very limited PRBs could be applied in some regions.
The requirements are expected to cover both licensed and unlicensed deployments if possible, so smaller PRBs might be suitable for this expectation. 
Proposal 1: Further discussion on how many PRBs applied for multiple PRB PUCCH format requirements is needed regarding cover both licensed and unlicensed deployment.

As analysis above, the multi-PRB feature might not be applied in some region. Furthermore, the multiple PRB feature for PUCCH is optional and single PRB feature is basic feature. To avoid no requirement for FR2-2 PUCCH format 0/1/4, single PRB requirement would be necessary. 
Proposal 2: Requirement for single PRB should also be introduced for PUCCH format 0/1/4 to avoid no requirement condition when multi-PRB feature can’t be applied.  

2.2 	Configurations
The two OFDM symbol would check the frequency hopping. Considering FR2-1 have defined requirements for both 1 and 2 symbols, it would be better to follow FR2-1 to keep the same test coverage for FR2-2. 
If both single PRB and multi-PRB requirements would be introduced for PF0, only single PRB requirement including 2 symbols configuration would be enough.  
Proposal 3: Define PUCCH format 0 requirement with both 1 symbol and 2 symbols for single PRB feature to keep the same coverage as FR2-1, and only 1 symbol requirement for multi-PRB feature.

For format 2 and format 3, the PRB numbers should also be reviewed as Proposal 1 mentioned above. The other configurations, such as OFDM symbol number and DM-RS configuration, could follow FR2-1 to keep the same test coverage. 
Proposal 4: Review PRB number for PUCCH format 2/3 and keep the same test coverage as FR2-1. 

3. Conclusions
Observation 1: Different maximum PRBs would be applied for different SCS regarding to power regulation on shared access spectrum. 
Observation 2: It will be very limited PRBs could be applied in some regions.
Proposal 1: Further discussion on how many PRBs applied for multiple PRB PUCCH format requirements is needed regarding cover both licensed and unlicensed deployment.
Proposal 2: Requirement for single PRB should also be introduced for PUCCH format 0/1/4 to avoid no requirement condition when multi-PRB feature can’t be applied.  
Proposal 3: Define PUCCH format 0 requirement with both 1 symbol and 2 symbols for single PRB feature to keep the same coverage as FR2-1, and only 1 symbol requirement for multi-PRB feature.
Proposal 4: Review PRB number for PUCCH format 2/3 and keep the same test coverage as FR2-1.
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