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1. Introduction
In RAN1 #109-e, we have agreed to do coverage evaluation at least for the option of RF/BB BW reduction schemes (BW1) as given in the agreements below [4].  

	
Agreement
· At least the option of RF+BB BW reduction to 5MHz is considered for coverage evaluation

Agreement
· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
· SIB1
· PDCCH CSS
· PBCH
· Following channels can be optionally evaluated
· PUSCH
· PUCCH 2bits
· PUCCH 11bits
· PUCCH 22bits
· PDSCH
· Msg2
· Msg3
· Msg4
· PRACH
· PDCCH USS
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels” by default, except for, UE bandwidth, cell edge data rate, and small form factor degradation 


Agreement
· For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following parameters are used.



	Parameters
	FR1 values

	UE bandwidth
	Rural: 5 MHz (25 PRBs, 15 kHz SCS)
Urban: 5 MHz (11 PRBs or 12 PRBs (optional), 30 kHz SCS)


Ø  Note: Rural scenario at 0.7 GHz, Urban scenario at 2.6 GHz, and Urban scenario at 4 GHz (optional) are considered.

Agreement
· 3dB antenna efficiency loss can be optionally assumed for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”



[bookmark: _Hlk95727305]
In this contribution, we present the link budget analysis and discuss the coverage loss for the Rel-18 eRedCap devices due to the UE complexity reduction schemes. 

2. Discussion on coverage analysis for eRedCap
2.1	Evaluation methodology for coverage analysis
In SID [1], the objective of the study is to study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875. So, for the coverage analysis, we also need to follow the methodology defined in section 6.3 of the TR38.875 [3]. The key methodology is captured here from the TR 38.875 with some modifications. We use this methodology for the coverage analysis in this contribution.
	
For the channel(s) affected by complexity reduction, the following methodology is used to determine the target performance for coverage recovery
-	Step 1: Obtain the link budget performance of the channel based on link budget evaluation
-	Step 2: Obtain the target performance requirement for RedCap UEs within a deployment scenario
-	Step 3: Find the coverage recovery value for the channel if the link budget performance is worse than the target performance requirement 
For step 2, the adopted methodology is based on Option 3 described below and a single coverage recovery target based on the same bottleneck channel is used for initial access channels and non-initial access channels of RedCap UE.
-	Option 3: The target performance requirement for each channel is identified by the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario. The "bottleneck channel(s)" are the physical channel(s) that have the lowest MIL.



In order to determine the target performance, we use the same bottleneck channels we have used for Rel-17 RedCap study for all evaluation scenarios. We also use the link evaluation results which were used for Rel-17 study for Rel-15 reference and Rel-17 baseline performance [5].
2.2	Parameters for link budget analysis
[bookmark: _Ref111132520][bookmark: _Ref111132469]In RAN1#109-e meeting, the link-level simulation parameters for coverage analysis were agreed and all results presented here are in-line with these agreements. We list some of our detailed assumptions in Table 1 - Table 9. 

[bookmark: _Ref111132548]Table 1 Common link-level parameters
	Parameter
	Rural 700MHz
	Urban 2.6GHz
	Urban 4GHz

	gNB Tx power
	33 dBm/MHz
	33 dBm/MHz
	33/24 dBm/MHz

	UE power class 
	23 dBm
	23 dBm
	23 dBm

	Numerology
	15 kHz SCS
	30 kHz SCS
	30 kHz SCS

	Channel
	TDL-C 300ns
	TDL-C 300ns
	TDL-C 300ns

	UE speed
	3km/h
	3km/h
	3km/h

	# of gNB TxRUs
	2 
	64 
	64 

	# of Tx chains at gNB
	2
	4
	4

	# of Rx chains at gNB
	2
	4
	4

	TDD pattern
	N/A
	DDDDD DDSUU
	DDDSU DDSUU



Table 2 SIB1 PDSCH assumptions
	Broadcast PDCCH
	

	Payload
	1256 bytes

	Slot structure
	10 data symbols, 2 DMRS symbols

	RB, MCS
	44 RB, MCS 0
12 RB, MCS 6
10 RB, MCS 7

	HARQ
	No HARQ

	Precoding
	Precoder cycling

	Performance target
	10% iBLER



Table 3 PDSCH CSS assumptions
	Broadcast PDCCH
	

	CORESET BW
	48/24/12/6 RBs depending on schemes

	# of symbols
	2 or 3

	PDCCH aggregation level
	16/8/4/2

	DCI size 
	40 (+ 24 bits CRC)

	REG bundle size
	6

	Beam forming
	Precoder cycling

	Performance target
	1% iBLER



Table 4 PBCH assumptions
	Broadcast PDCCH
	

	Payload
	32 bits payload, 24 bits CRC

	SS burst set periodicity
	20 ms

	Number of transmissions (shots)
	4

	Performance target
	1% iBLER



Table 5 PDSCH MCS/RB/TBS assumption for reference UE / R17 RedCap UE / R18 eRedCap UE
	Reference UE
	MCS index
(64QAM table)
	# PRBs
	TBS
	Target data rate
	Actual data rate

	Rural 700MHz
	0
	40
	1128
	1 Mbps
	1.0152 Mbps

	Urban 2.6GHz 
	1
	216
	7944
	10 Mbps
	10.009 Mbps

	Urban 4GHz
	2
	248
	11280
	10 Mbps
	10.152 Mbps



	[bookmark: _Hlk54123704]R17 RedCap UE
	MCS index
(64QAM table)
	# PRBs
	TBS
	Target data rate
	Actual data rate

	Rural 700MHz
	0
	40
	1128
	1 Mbps
	1.0152 Mbps

	Urban 2.6GHz 
	1
	51
	1928
	2 Mbps
	2.4293 Mbps

	Urban 4GHz
	2
	51
	2408
	2 Mbps
	2.1672 Mbps



	R18 eRedCap UE
	MCS index
(64QAM table)
	# PRBs
	TBS
	Target data rate
	Actual data rate

	Rural 700MHz
	0
	10
	288
	250 Kbps
	259.2 Kbps

	Urban 2.6GHz 
	1
	11
	408
	500 Kbps
	514.08 Kbps

	Urban 4GHz
	3
	10
	508
	500 Kbps
	547.2 Kbps



Table 6 PUSCH MCS/RB/TBS assumption for reference NR and RedCap UE
	Reference NR and 
RedCap UE
	MCS index
(64QAM table)
	# PRBs
	TBS
	Target data rate
	Actual data rate

	Rural 700MHz
	0
	4
	128
	100 kbps
	115.2 kbps

	Urban 2.6GHz 
	4
	30
	2600
	1 Mbps
	0.936 Mbps

	Urban 4GHz
	2
	32
	1736
	1 Mbps
	0.937 Mbps



	R18 eRedCap UE
	MCS index
(64QAM table)
	# PRBs
	TBS
	Target data rate
	Actual data rate

	Rural 700MHz
	0
	1
	32
	25 kbps
	28.8 kbps

	Urban 2.6GHz 
	3
	10
	704
	250 kbps
	253.44 kbps

	Urban 4GHz
	2
	9
	504
	250 kbps
	272.16 kbps



Table 7 Other PDSCH and PUSCH parameters for link-level simulation
	Parameter
	PDSCH
	PUSCH

	Waveform
	CP-OFDM
	DFT-S-OFDM

	Slot structure
	10 data symbols, 2 DMRS symbols
	12 data symbols, 2 DMRS symbols

	Beam forming
	Precoder cycling
	Single Tx 

	PDSCH rank
	1
	1

	HARQ
	Disabled
	Disabled

	Performance target
	10% iBLER
	10% iBLER



Table 8 Parameters related to RACH procedure
	Msg 2 PDSCH
	

	Payload
	9 bytes

	RB, MCS
	MCS 0, no TB scaling, 3 PRBs

	HARQ
	N/A

	Slot structure
	9 data symbols, 3 DMRS symbols

	Beam forming
	Precoder cycling

	Performance target
	10% iBLER

	Msg 3 PUSCH
	

	Payload
	56 bits

	RB, MCS
	2 RBs, MCS 0 (64QAM table)

	Slot structure
	11 data symbols, 3 DMRS symbols

	HARQ
	No HARQ

	Performance target
	10% iBLER

	Msg 4 PDSCH
	

	Payload
	130 bytes

	Slot structure
	9 data symbols, 3 DMRS symbols

	RB, MCS
	40 RB, MCS 0 (64QAM table)

	HARQ
	No HARQ

	Precoding
	Precoder cycling

	Performance target
	10% iBLER



[bookmark: _Ref111132552]Table 9 PDCCH and PUCCH parameters for link-level simulation
	PUCCH PF3
	

	UCI payload (bit)
	22 bits

	PUCCH duration (symbols)
	14

	# RBs for long PUCCH
	1 RB

	Repetition
	Disabled

	Frequency hopping
	Enabled

	Performance target
	1% false alarm and 1% mis-detection



2.3	Link budget analysis
We present out results in the link budget analysis for three FR1 scenarios: Rural FDD 700MHz, Urban TDD 2.6GHz and 4GHz. We use the link budget template agreed over email discussion for our link budget analysis. Interference margin, shadow fading and penetration margins are as per IMT-2020 assumptions.
For the urban scenarios, we assume a 5 dB beamforming gain difference (i.e. the gain for antenna gain component 2) between broadcast and unicast channels, i.e. 7 and 12dB for broadcast and unicast channels respectively. The assumption of 7 dB for broadcast is from the SLS evaluation with 4 SSB beams. 
Also we agreed to optionally use 3dB antenna efficiency loss for the coverage analysis. So we provide two MIL results with and without 3dB antenna efficiency loss.
We first discuss the results on the SIB1, PBCH, PDCCH CSS followed by other channels which were agreed to be evaluated optionally.  
SIB1
There are multiple options to support SIB1 with reduced BW capability based on agreements [4] and Figure 1 is showing the SIB1 reception options for UE BW reduction feature (BW1). MILs of different options are summarized in the tables below. We also provide some observations by comparing MIL of each option with the bottleneck channel MIL.
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[bookmark: _Ref111134644]Figure 1: SIB1 options for eRedCap
	Bottleneck channel MIL:
PUSCH: 139.37
	SIB1 (2.6GHz, 33dBm/MHz, DDDDDDDSUU )

	
	44RB
	44RB w/ clipping
	12RB
	10RB

	w/o  3dB antenna efficiency loss
	154.36
	144.26
	146.26
	144.56

	w/  3dB antenna efficiency loss
	151.36
	141.26
	143.26
	141.56



	Bottleneck channel MIL:
PUSCH: 139.99
	SIB1 (4GHz, 33dBm/MHz, DDDSUDDSUU )

	
	44RB
	44RB w/ clipping
	12RB
	10RB

	w/o  3dB antenna efficiency loss
	152.24
	142.14
	144.14
	142.44

	w/  3dB antenna efficiency loss
	149.24
	139.14
	141.14
	139.44



	Bottleneck channel MIL:
PUSCH: 141.29
	SIB1 (700MHz, 33dBm/MHz)

	
	44RB
	44RB w/ clipping
	21RB

	w/o  3dB antenna efficiency loss
	152.4
	148.6
	149.9

	w/  3dB antenna efficiency loss
	149.4
	145.6
	146.9



Based on the above results, we can make the following observations.
Observation 1: For SIB1,
· Up to 10dB/4dB coverage loss is observed for Urban/Rural scenarios and the coverage loss depends on options.
· All options for 2.6 GHz Urban scenario and Rural scenario do not show coverage issues when compared with bottleneck channels regardless of whether 3dB antenna efficiency loss is considered or not. 
· 44RB with clipping option and 10RB option of 4GHz Urban scenario shows coverage loss by <1 dB compared with bottleneck channels when 3dB antenna efficiency loss is considered.

PDCCH CSS
PDCCH CCS are representing the PDCCH of CORESET#0, where CORESET#0 size is normally larger than the 5MHz BW especially for 30 KHz SCS. There are multiple options to support PDCCH CSS with reduced BW capability based on agreements [4] and Figure 2 is showing the PDCCH CSS reception options for UE BW reduction feature (BW1). MILs of different options are summarized in the tables below. We also provide some observations by comparing MIL of each option with the bottleneck channel MIL.
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[bookmark: _Ref111137015]Figure 2: PDCCH CSS options for eRedCap

	Bottleneck channel MIL:
PUSCH: 139.37
	PDCCH CSS (2.6GHz, 33dBm/MHz, DDDDDDDSUU)

	
	AL16
	AL16 w/ clipping
	AL4
	AL2

	w/o 3dB antenna efficiency loss
	154.84
	145.24
	145.64
	142.54

	w/ 3dB antenna efficiency loss
	151.84
	142.24
	142.64
	139.54



	Bottleneck channel MIL:
PUSCH: 139.99
	PDCCH CSS (4GHz, 33dBm/MHz, DDDSUDDSUU)

	
	AL16
	AL16 w/ clipping
	AL4
	AL2

	w/o 3dB antenna efficiency loss
	154.84
	145.24
	145.64
	142.54

	w/ 3dB antenna efficiency loss
	151.84
	142.24
	142.64
	139.54



	Bottleneck channel MIL:
PUSCH: 141.29
	PDCCH CSS (700MHz, 33dBm/MHz)

	
	AL16
	AL16 w/ clipping
	AL8

	w/o 3dB antenna efficiency loss
	154.6
	150.7
	150.6

	w/ 3dB antenna efficiency loss
	151.6
	147.7
	147.6




Based on the above results, we can make the following observations.
Observation 2: For PDCCH CSS,
· For urban scenario (30KHz SCS)
· About 9dB coverage loss is observed for AL16 with clipping option and AL4 option compared to AL16
· More than 12dB coverage loss is observed for AL2 compared to AL16
· For rural scenario (15KHz SCS)
· About 4dB coverage loss is observed for AL16 with clipping option and AL8 option compared to AL16
· AL2 option of 4GHz Urban scenario shows coverage loss by <1 dB compared with bottleneck channels when 3dB antenna efficiency loss is considered

PBCH
PBCH size is larger than the 5MHz BW for 30 KHz SCS so there are multiple options to support PBCH with 30KHz SCS and Figure 3 is showing 2 options. MILs of different options are summarized in the tables below. We also provide some observations by comparing MIL of each option with the bottleneck channel MIL.
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[bookmark: _Ref111196774]Figure 3: PBCH options for eRedCap with 30KHz SCS
	Bottleneck channel MIL:
PUSCH: 139.37
	PBCH (2.6GHz, 33dBm/MHz, DDDDDDDSUU)

	
	Rel-17
	Rel-18 Option-1
	Rel-18 Option-2

	w/o 3dB antenna efficiency loss
	158.51
	154.26
	156.76

	w/ 3dB antenna efficiency loss
	155.51
	151.26
	153.76



	Bottleneck channel MIL:
PUSCH: 139.99
	PBCH (4GHz, 24dBm/MHz, DDDSUDDSUU)

	
	Rel-17
	Rel-18 Option-1
	Rel-18 Option-2

	w/o 3dB antenna efficiency loss
	156.54
	152.14
	154.89

	w/ 3dB antenna efficiency loss
	153.54
	149.14
	151.89



	Bottleneck channel MIL: PUSCH: 141.29
	PBCH (700MHz, 33dBm/MHz)

	
	Rel-17
	Rel-18

	w/o 3dB antenna efficiency loss
	155.40
	155.40

	w/ 3dB antenna efficiency loss
	152.40
	152.40



Based on the above results, we can make the following observations.
Observation 3: For PBCH,
· About 4/2dB coverage loss is observed without/with RF retuning for Urban scenario
· No coverage loss is observed for Rural scenario
· All options do not show coverage issues compared with bottleneck channels regardless of whether 3dB antenna efficiency loss is considered or not. 

PDSCH/PUSCH/Msg-4
2.6GHz, 33dBm/MHz, DDDDDDDSUU
	Bottleneck channel MIL:
PUSCH: 139.37
	PDSCH
	PUSCH
	Msg4

	
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap

	w/o 3dB antenna efficiency loss
	157.66 
	156.76 
	139.37
	144.24
	153.96 
	145.96

	w/ 3dB antenna efficiency loss
	154.66
	153.76
	136.37
	141.24
	150.96
	142.96



	Bottleneck channel MIL:
PUSCH: 139.37
	Msg-2
	Msg-3
	PUCCH PF3

	
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap

	w/o 3dB antenna efficiency loss
	151.06
	151.06
	142.23
	142.23
	146.53
	146.53

	w/ 3dB antenna efficiency loss
	148.06
	148.06
	145.23
	145.23
	143.53
	143.53



4GHz, 33dBm/MHz, DDDSUDDSUU
	Bottleneck channel MIL:
PUSCH: 139.99
	PDSCH
	PUSCH
	Msg4

	
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap

	w/o 3dB antenna efficiency loss
	155.54 
	154.64 
	139.99
	144.50
	151.84 
	143.84 

	w/ 3dB antenna efficiency loss
	152.54
	151.64
	136.99
	141.50
	148.84
	140.84



	Bottleneck channel MIL:
PUSCH: 139.99
	Msg-2
	Msg-3
	PUCCH PF3

	
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap

	w/o 3dB antenna efficiency loss
	148.94
	148.94
	147.03
	147.03
	147.53
	147.53

	w/ 3dB antenna efficiency loss
	145.94
	145.94
	144.03
	144.03
	143.53
	143.53



700MHz, 33dBm/MHz
	Bottleneck channel MIL:
PUSCH: 141.29
	PDSCH
	PUSCH
	Msg4

	
	20MHz RedCaop
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap

	w/o 3dB antenna efficiency loss
	151.10 
	149.90 
	141.29
	144.31 
	151.50 
	148.20 

	w/ 3dB antenna efficiency loss
	148.1
	146.9
	138.29
	141.31
	148.5
	145.2



	Bottleneck channel MIL:
PUSCH: 141.29
	Msg-2
	Msg-3
	PUCCH PF3

	
	20MHz RedCaop
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap
	20MHz RedCap
	5 MHz eRedCap

	w/o 3dB antenna efficiency loss
	148.40
	148.40
	143.80
	143.80
	143.79
	143.79

	w/ 3dB antenna efficiency loss
	145.40
	145.40
	140.80
	140.80
	140.79
	140.79



Observation 4: For optional channels,
· No coverage issues for PDSCH in all Urban/Rural scenarios
· For PUSCH, Rel-18 eRedCap coverage is even increased compared to Rel-17 RedCap, mainly due to the fact that data rate is scaled by 1/4 according to the BW scaling but Tx power is not scaled
· No coverage issues for Msg-4 in all Urban/Rural scenarios
· There is no difference of coverage of Msg-2/Msg-3/PUCCH PF3 between Rel-17 RedCap and Rel-18 eRedCap as the required BWs is less than 5MHz

3. Conclusion
In this contribution, we have following observations and proposals:

Observation 1: For SIB1,
· Up to 10dB/4dB coverage loss is observed for Urban/Rural scenarios and the coverage loss depends on options.
· All options for 2.6 GHz Urban scenario and Rural scenario do not show coverage issues when compared with bottleneck channels regardless of whether 3dB antenna efficiency loss is considered or not. 
· 44RB with clipping option and 10RB option of 4GHz Urban scenario shows coverage loss by <1 dB compared with bottleneck channels when 3dB antenna efficiency loss is considered.

Observation 2: For PDCCH CSS,
· For urban scenario (30KHz SCS)
· About 9dB coverage loss is observed for AL16 with clipping option and AL4 option compared to AL16
· More than 12dB coverage loss is observed for AL2 compared to AL16
· For rural scenario (15KHz SCS)
· About 4dB coverage loss is observed for AL16 with clipping option and AL8 option compared to AL16
· AL2 option of 4GHz Urban scenario shows coverage loss by <1 dB compared with bottleneck channels when 3dB antenna efficiency loss is considered

Observation 3: For PBCH,
· About 4/2dB coverage loss is observed without/with RF retuning for Urban scenario
· No coverage loss is observed for Rural scenario
· All options do not show coverage issues compared with bottleneck channels regardless of whether 3dB antenna efficiency loss is considered or not. 

Observation 4: For optional channels,
· No coverage issues for PDSCH in all Urban/Rural scenarios
· For PUSCH, Rel-18 eRedCap coverage is even increased compared to Rel-17 RedCap, mainly due to the fact that data rate is scaled but Tx power is not scaled
· No coverage issues for Msg-4 in all Urban/Rural scenarios
· There is no difference of coverage of Msg-2/Msg-3/PUCCH PF3 between Rel-17 RedCap and Rel-18 eRedCap as the required BWs is less than 5MHz
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Appendix
Required SNR at the target BLER for Rel-17 RedCap UE and Rel-18 eRedCap UE
	Parameter
	Rural 700MHz
	Urban 2.6GHz
	Urban 4GHz

	SIB1
	Rel-17: -2.5dB
Rel-18 (option 1): 1.3dB
Rel-18 (option 2): 1.3dB
	Rel-17: -2.6dB
Rel-18 (option 1): 7.5dB
Rel-18 (option 2-1): 5.6dB
Rel-18 (option 2-2): 7.2dB
	Rel-17: -2.6dB
Rel-18 (option 1): 7.5dB
Rel-18 (option 2-1): 5.5dB
Rel-18 (option 2-2): 7.2dB

	PDCCH CSS
	Rel-17: -6.3dB
Rel-18 (option 1): -2.8dB
Rel-18 (option 2): -2.8dB
	Rel-17: -5.9dB
Rel-18 (option 1): 1.8dB
Rel-18 (option 2-1): 1.5dB
Rel-18 (option 2-2): 10.5dB
	Rel-17: -5.9dB
Rel-18 (option 1): 1.8dB
Rel-18 (option 2-1): 1.5dB
Rel-18 (option 2-2): 10.5dB

	PBCH
	Rel-17: -5.5dB
Rel-18: -5.5dB
	Rel-17: -6.75dB
Rel-18 (option 1): -2.5dB
Rel-18 (option 2): -5dB
	Rel-17: -6.9dB
Rel-18 (option 1): -2.5dB
Rel-18 (option 2): -5.25dB

	Unicast PDSCH
	Rel-17: -1.2dB
Rel-18: 0dB
	Rel-17:  -0.9dB
Rel-18:  0dB
	Rel-17:  0.2dB
Rel-18:  2dB

	Unicast PUSCH
	Rel-17: -3dB
Rel-18: 0dB
	Rel-17:  -3.9dB
Rel-18:  -4dB
	Rel-17:  -6dB
Rel-18:  -5dB

	Msg4 PDSCH
	Rel-17: -1.6dB
Rel-18: 1.7dB
	Rel-17:  -2.2dB
Rel-18:  5.8dB
	Rel-17:  -2.2dB
Rel-18:  5.8dB

	Msg2 PDSCH
	Rel-17: 1.5dB
Rel-18: 1.5dB
	Rel-17:  0.7dB
Rel-18:  0.7dB
	Rel-17:  0.7dB
Rel-18:  0.7dB

	Msg3 PUSCH
	Rel-17: -2.5dB
Rel-18: -2.5dB
	Rel-17:  -6dB
Rel-18:  -6dB
	Rel-17: -6dB
Rel-18: -6dB

	PUCCH PF3 22 bits
	Rel-17: -2dB
Rel-18: -2dB
	Rel-17:  -5dB
Rel-18:  -5dB
	Rel-17: -5dB
Rel-18: -5dB
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