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1. Introduction

In RAN1#104e meeting, extensive discussions were conducted on the aspect of PUCCH enhancements and the following agreements were made: 

Agreement:
Tables 1, 2, and 3 in Section 2.3 of R1-2102127 are agreed as a common set of assumptions for link level simulations and link budget calculations for evaluating enhancements to PUCCH formats 0/1/4 
Note: Other parameters can be additionally considered in the evaluations

Agreement:
For enhanced (multi-RB) PUCCH Formats 0/1/4 for 120/480/960 kHz SCS, support allocation of N_RB contiguous RBs

· FFS: Values of N_RB for each SCS

· For 480/960 kHz SCS, all REs within each RB are mapped

· Note: PRB and sub-PRB interlaced mapping is not considered further

· For 120 kHz SCS, further discuss the following two alternatives:

· Alt-1: All REs within each RB are mapped

· Note: PRB and sub-PRB interlaced mapping is not considered further

· Alt-2: Subset of REs within each RB are mapped (sub-PRB interlaced mapping)

Agreement:
· The configured number of RBs for enhanced PF 0/1/4 is denoted NRB
· The minimum value of NRB is 1 for PF 0/1/4 for all subcarrier spacings

· The maximum value of NRB depends on subcarrier spacing

· FFS: maximum value for each SCS and each of PF0/1/4

· FFS: Allowed values of NRB within the [min/max] range

· FFS: Details of indication of NRB by cell-specific (for PF0/1) and dedicated signaling (PF0/1/4)

· FFS: Whether or not multiplexing of users with misaligned RB allocations is supported, where "misaligned" also includes users with different # of RBs.

· For PF4:

· The actual number of RBs used for a PUCCH transmission is equal to NRB, i.e., the actual number of RBs does not vary dynamically based on PUCCH payload

· NRB fulfils the following: [image: image2.png]N = 2% .3%:.5%
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 is a set of non-negative integers

· Note: if frequency hopping is enabled, NRB is the number of RBs per hop

· Note: decisions on the maximum value of NRB for each SCS and PUCCH format shall take into account link budgets based at least on the agreed evaluation assumptions

Agreement:
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:

· Alt-1: A single sequence of length equal to the total number of mapped REs of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.

· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:

· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured

· At least the following aspects should be considered in the study

· Coverage (maximum isotropic loss (MIL)), including

· Required SNR to fulfil PUCCH detection criterion

· PAPR/CM as a function of N_RB

· Specification impact

Agreement:
· For DMRS of enhanced PF4, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives for sequence construction:

· Alt-1: A single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts are defined in the same was as Rel-15/16 for PF4.

· Alt-2: A single sequence of length equal to the number of mapped Res per PRB of the PUCCH resource is used, and the sequence is repeated in each PRB. At least the following scheme is considered for PAPR/CM reduction:

· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured

· At least the following aspects should be considered in the study

· Coverage (maximum isotropic loss (MIL)), including

· Required SNR to fulfil PUCCH detection criterion

· PAPR/CM as a function of N_RB

· Specification impact

Agreement:
· For UCI of enhanced PF4, support pre-DFT blockwise spreading using OCCs of length 2 and 4 as defined for Rel-16 PF4

· Further study the following and decide in RAN1#104-b:

· Whether or not additional OCC lengths are supported

· Down-select to one of the following alternatives for blockwise spreading

· Alt-1: Blockwise spreading is performed across all allocated RBs

· Alt-2: Blockwise spreading and DFT is performed per-RB followed by per-RB PAPR/CM reduction mechanism.

· At least the following aspects should be considered in the study

· Coverage (maximum isotropic loss (MIL)), including

· Required SNR to fulfil PUCCH detection criterion

· PAPR/CM as a function of N_RB

· Specification impact

In this contribution, we present some of the simulation results and provide some analysis on the potential enhancement and the benefits. The details of MIL calculation in this contribution can be found in the attached excel file in Appendix section.
2. Discussion

2.1. PUCCH bandwidth and transmission power increase

In this section, we provide an analysis on the relationship between the PUCCH bandwidth and the benefits for transmission power increase. It is a common understanding that the transmission power for PUCCH is directly linked to its coverage. Thus, any contribution results in transmission power increase will be beneficial for PUCCH coverage increase.  

In fact, in the unlicensed spectrum, the PUCCH output power is limited by different factors. To summarize, they are 

· Factor 1: Conducted power limit due to EIRP limit (Pmax_EIRP)

· Factor 2: Additional regional conducted power limit (Pmax_P), which is a region-specific factor.

· Factor 3: UE maximum conducted power (UE_P)

· Factor 4: UE conducted power limit due to EIRP limit (UE_EIRP)

In the table 1, the values for the above factors were discussed as agreed in the last meeting. The maximum PUCCH transmission power is decided by the minimum power among the four factors. 

	
	EU
	US

	Pmax_EIRP
	40 dBm-TxBF

	Pmax_P
	23 dBm/MHz + max(0, 10*log10(BW)) - TxBF
	27 dBm – max(0, 10*log10(100 / BW))

	UE_P
	21 dBm - backoff

	UE_EIRP
	25 dBm-TxBF or 40 dBm-TxBF

	TxBF
	6 dBi

	Pmax
	min(Pmax_EIRP, Pmax_P, UE_P, UE_EIRP)


Table 1: agreed parameter values [1]
In the following, we investigate the effectiveness that the PUCCH bandwidth can contribute to the PUCCH coverage. In this investigation, we assume PUCCH format 0 with a sequence length equal to 12*N_RB. 

In the first evaluation case, we only look at EU regulation limits, where the Pmax_P= 23 dBm/MHz + max(0, 10*log10(BW)) – TxBF. Moreover, we assume the UE_EIRP< Pmax_EIRP and an ideal cubic metric (CM)=0 dB. The relative comparison among these four factors are shown in Fig. 1, where we can clearly see that decisive factor is UE_EIRP and the Pmax_P cannot influent the UE output power. 
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Fig. 1: Pmax_P= 23 dBm/MHz + max(0, 10*log10(BW)) – TxBF, ideal CM, assuming SCS=120kHz 
Next, we take into account power back off for UE_P, and the CM is evaluated based on long sequence generation specified in R15. The results are depicted in Fig. 2, where we still see that the decisive factor is either UE_P or UE_EIRP. While the Pmax_P still does not bring any contribution to the output power limit. 

[image: image6.emf]0 2 4 6 8 10 12 14 16

N-RB

18

20

22

24

26

28

30

32

34

P

m

a

x

 

(

d

B

m

)

Pmax-EIRP

UE-P

UE-EIRP

Pmax-P

decisive factor

no influence


Fig. 2: Pmax_P= 23 dBm/MHz + max(0, 10*log10(BW)) – TxBF, with realistic CM, assuming SCS=120kHz
Even in the case where we set UE_EIRP=40 dBm-TxBF, which makes UE_EIRP equivalent to Pmax_EIRP, the decisive factor is still UE_P. Our MIL simulation result in Fig. 3 also draws a similar observation, i.e. increasing PUCCH bandwidth does not bring MIL gain compared with 1 RB PUCCH. The detailed simulation parameters are given in our companion document [2].
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Fig.3: MIL comparison between 1RB, 12 RB (long sequence) and 32 RB (long sequence) PUCCH format 0 with 120kHz, 480kHz, 960kHz with UE_P limits and considering EU regulatory power limits
However, it is shown in Fig. 4, if the UE_P limitation is not taken into account, the PUCCH transmission power can take full benefit from increasing the PUCCH bandwidth up to 32 RB. The MIL simulation result in Fig. 5 confirms the MIL gain with increased PUCCH bandwidth and the PUCCH with approximated 50MHz bandwidth provides the best MIL performance, corresponding to 32 RB with 120 kHz SCS, 8 RB with 480 kHz SCS and 4 RB with 960 kHz SCS. 
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Fig. 4:  Pmax calculation without taking into account UE_P limitation, assuming SCS=120kHz
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Fig. 5: MIL comparison between 1RB, 12 RB (long sequence) and 32 RB (long sequence) PUCCH format 0 with 120kHz, 480kHz, 960kHz without UE_P limits and considering EU regulatory power limits
Observation 1: when applying European regulatory power limit, the PUCCH bandwidth increasing does not provide PUCCH transmission power increase, due to the UE_P power limitation. 

Observation 2: when applying European regulatory power limit, if the UE_P power limitation is bypassed, the PUCCH transmission power can be increased by increasing PUCCH bandwidth up to 32 RB. 

On the other hand, when we apply US regulatory power limit, i.e. Pmax_P=27 dBm – max(0, 10*log10(100 / BW)), the observation is different as shown in Fig. 6. The decisive factor for the PUCCH transmission power limit in the narrow band region is Pmax_P up to 11 RB assuming 120 kHz SCS. Then, further increasing PUCCH bandwidth cannot benefit power increase as the decisive factor switches to UE_P. This observation is also confirmed by our MIL simulation results depicted in Fig. 7 
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Fig. 6: Pmax_P=27 dBm – max(0, 10*log10(100 / BW)), assuming SCS=120kHz
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Fig. 7: MIL comparison between 1RB, 12 RB (long sequence) and 32 RB (long sequence) PUCCH format 0 with 120kHz, 480kHz, 960kHz, applying US regulatory power limits
Observation 3: when applying US regulatory power limit, the PUCCH bandwidth increasing can provide PUCCH transmission power increase. 

Proposal 1: For SCS=120 kHz, the following N_RB values can be supported: 1, 12, 32, where 

· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.

· N_RB = 12 is used for applying US regulatory power limit and UE_P limitation.  

· N_RB = 32 is used for applying EU regulatory power limit without UE_P limitation.

Proposal 2: For SCS=480 kHz, the following N_RB values can be supported: 1, 4, 8, where 

· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.

· N_RB = 4 is used for applying US regulatory power limit and UE_P limitation.  

· N_RB = 8 is used for applying EU regulatory power limit without UE_P limitation.

Proposal 3: For SCS=960 kHz, the following N_RB values can be supported: 1, 2, 4, where 

· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.

· N_RB = 2 is used for applying US regulatory power limit and UE_P limitation.  

· N_RB = 4 is used for applying EU regulatory power limit without UE_P limitation.

2.2. PUCCH format 0 sequence

In this section, we investigate the performance comparison between different alternatives on the sequence generation for case N_RB>1. There are two alternatives discussed in the last meeting. One is to use a long sequence based on R15 ZC sequence generation. The other is the RB cycling used for R16 interlacing PUCCH format 0 sequence generation. In our analysis, we have simulated the power backoff (CM) of these two options. The simulation results are given in table 2. The CM of long sequence is generally lower than that of RB cycling, implying that the long sequence can keep better ZC property, leading to a lower PAPR.  Moreover, the required SNR for these two options is also reported in table 3 and the corresponding MIL comparison is given in Fig. 8. It can be clearly seen that in general the CM of long sequence is smaller than that of RB cycling. Moreover the MIL with long sequence is also better than that of RB cycling in most cases.  With the above analysis, we can draw the following observation and proposal. 
	CM 95%
	N_RB=1
	N_RB=2
	N_RB=4
	N_RB=8
	N_RB=12
	N_RB=32

	Long seq.
	0.78
	0.78
	2.16
	1.59
	2.04
	2.38

	RB cycling
	0.78
	2.67
	3.30
	2.36
	1.47
	3.60


Table 2: CM comparison between long sequence and RB cycling
	Target SNR for 120 kHz
	DS=5 ns
	DS=10 ns
	DS = 20 ns

	N_RB=12
	Long seq.
	-10.33
	-10.40
	-9.62

	
	RB cycling
	-10.86
	-10.42
	-9.49

	N_RB=32
	Long seq.
	-14.38
	-13.91
	-12.20

	
	RB cycling
	-14.33
	-13.87
	-11.63

	Target SNR for 480 kHz
	
	
	

	N_RB=4
	Long seq.
	-5.59
	-4.65
	-3.53

	
	RB cycling
	-5.46
	-4.65
	-3.81

	N_RB=8
	Long seq.
	-8.10
	-6.84
	-4.26

	
	RB cycling
	-8.03
	-6.91
	-4.40

	Target SNR for 960 kHz
	
	
	

	N_RB=2
	Long seq.
	-1.99
	-2.46
	-1.24

	
	RB cycling
	-1.97
	-2.02
	-0.77

	N_RB=4
	Long seq.
	-4.46
	-4.76
	-1.91

	
	RB cycling
	-4.49
	-4.53
	-2.02


Table 3: required SNR comparison between long sequence and RB cycling
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Fig. 8: MIL comparison between long sequence and RB cycling

Observation 4: using long sequence can lead to less power back off than using RB cycling. Moreover, MIL with long sequence is better than RB cycling in most evaluated cases. 
Proposal 4: Adopt long sequence for PUCCH format 0 and format 1 when N_RB>1. 
2.3. Sub-PRB PUCCH resource allocation for 120 kHz

In the last meeting, for N_RB>1 PUCCH with 120 kHz SCS, the following alternatives were discussed. 

· Alt-1: All REs within each RB are mapped

· Note: PRB and sub-PRB interlaced mapping is not considered further

· Alt-2: Subset of REs within each RB are mapped (sub-PRB interlaced mapping)

Compared with full-PRB mapping, the sub-PRB mapping can have the following two advantages. 

· Advantage 1: Sub-PRB mapping can boost the PSD on the active RE, leading to an increased SNR per RE. 

· Advantage 2: by transmitting the same amount of HARQ-ACK information, the sub-PRB mapping uses less resources, leading to an increased spectral efficiency. 

In our simulations, we assume that only 1 RE in a PRB is used for PUCCH mapping, i.e. for PUCCH format 0 with N_RB=12, only 12 RE are used for PUCCH allocation, which is based on a ZC sequence of length 12. The CM, required SNR and the MIL comparison between these two alternatives are depicted in table 4 and Fig. 9, respectively. It is to note that the reported SNR in table 4 with sub-PRB does not take into account the RE level power boosting, which is however factored in with our MIL simulation. For MIL simulation, we assume US regulatory power limit is applied as well as the UE specific power limit. As shown from our simulation results, the sub-PRB mapping leads to comparable MIL to full-PRB mapping, thanks to the RE power boosting.
	PF 0
	SCS (kHz)
	N_RB (RB)
	mapping
	sequence
	CM
	Required SNR (dB)

	
	
	
	
	
	
	DS=5 ns
	DS = 10 ns
	DS = 20 ns

	
	
	12
	Full-PRB
	144-ZC
	2.048
	-10.33
	-10.40
	-9.62

	
	
	12
	Sub-PRB
	12-ZC
	0.7756
	0.44
	0.36
	1.21


Table 4: CM comparison between full-PRB and sub-PRB mapping
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Fig. 9: MIL comparison between full-PRB and sub-PRB mapping

Observation 5: For 120 kHz SCS, compared with full-PRB mapping, sub-PRB mapping leads to comparable MIL and less resource consumption. 
Proposal 5: For 120 kHz SCS, adopt sub-PRB mapping instead of full-PRB mapping, where only 1 RE is mapped in a RB. 
3. Conclusion

This contribution discusses the potential enhancements to PDCCH monitoring. The following observations and proposals are made. 

Observation 1: when applying European regulatory power limit, the PUCCH bandwidth increasing does not provide PUCCH transmission power increase, due to the UE_P power limitation. 

Observation 2: when applying European regulatory power limit, if the UE_P power limitation is bypassed, the PUCCH transmission power can be increased by increasing PUCCH bandwidth up to 32 RB. 

Observation 3: when applying US regulatory power limit, the PUCCH bandwidth increasing can provide PUCCH transmission power increase. 

Observation 4: using long sequence can lead to less power back off than using RB cycling. Moreover, MIL with long sequence is better than RB cycling in most evaluated cases. 
Observation 5: Compared with full-PRB mapping, sub-PRB mapping leads to comparable MIL and less resource consumption. 
Proposal 1: For SCS=120 kHz, the following N_RB values can be supported: 1, 12, 32, where 

· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.

· N_RB = 12 is used for applying US regulatory power limit and UE_P limitation.  

· N_RB = 32 is used for applying EU regulatory power limit without UE_P limitation.

Proposal 2: For SCS=480 kHz, the following N_RB values can be supported: 1, 4, 8, where 

· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.

· N_RB = 4 is used for applying US regulatory power limit and UE_P limitation.  

· N_RB = 8 is used for applying EU regulatory power limit without UE_P limitation.

Proposal 3: For SCS=960 kHz, the following N_RB values can be supported: 1, 2, 4, where 

· N_RB = 1 is used for applying EU regulatory power limit and UE_P limitation.

· N_RB = 2 is used for applying US regulatory power limit and UE_P limitation.  

· N_RB = 4 is used for applying EU regulatory power limit without UE_P limitation.

Proposal 4: Adopt long sequence for PUCCH format 0 and format 1 when N_RB>1. 
Proposal 5: adopt sub-PRB mapping for 120 kHz, where only 1 RE is mapped in a RB. 
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5. Appendix: Details of MIL
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Fig.3

		SCS		120 kHz																		480 kHz																		960 kHz

		sequence type		1 len-12						1 len-144						1 len-384						1 len-12						1 len-48						1 len-96						1 len-12						1 len-24						1 len-48

		channel		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns

		SCS (kHz)		120		120		120		120		120		120		120		120		120		480		480		480		480		480		480		480		480		480		960		960		960		960		960		960		960		960		960

		number of PRBs		1		1		1		12		12		12		32		32		32		1		1		1		4		4		4		8		8		8		1		1		1		2		2		2		4		4		4

		(1-a) BW(MHz)		1.44		1.44		1.44		17.28		17.28		17.28		46.08		46.08		46.08		5.76		5.76		5.76		23.04		23.04		23.04		46.08		46.08		46.08		11.52		11.52		11.52		23.04		23.04		23.04		46.08		46.08		46.08

		(1-b) BW_noise(MHz)		1.44		1.44		1.44		17.28		17.28		17.28		46.08		46.08		46.08		5.76		5.76		5.76		23.04		23.04		23.04		46.08		46.08		46.08		11.52		11.52		11.52		23.04		23.04		23.04		46.08		46.08		46.08

		(2a) TxBF (dBi)		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6

		(2b) RxBF (dBi)		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20

		(3a) Pmax_EIRP (dBm) = 40 - (2a)		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34

		(3b) Pmax_PSD (dBm) = 23 + max(0,10*lg((1-a))) - (2a)		18.583624921		18.583624921		18.583624921		29.3754373814		29.3754373814		29.3754373814		33.6351247042		33.6351247042		33.6351247042		24.6042248342		24.6042248342		24.6042248342		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		27.6145247909		27.6145247909		27.6145247909		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042

		(3c) Pmax_P = 27 - max(0,10*log10(100/(1-a)))		8.583624921		8.583624921		8.583624921		19.3754373814		19.3754373814		19.3754373814		23.6351247042		23.6351247042		23.6351247042		14.6042248342		14.6042248342		14.6042248342		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		17.6145247909		17.6145247909		17.6145247909		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042

		(4a) Pmax = min((3a),(3b))		18.583624921		18.583624921		18.583624921		29.3754373814		29.3754373814		29.3754373814		33.6351247042		33.6351247042		33.6351247042		24.6042248342		24.6042248342		24.6042248342		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		27.6145247909		27.6145247909		27.6145247909		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042

		(5) UE_EIRP (dBm)		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		(6a) Backoff		0.78		0.78		0.78		2.048		2.048		2.048		2.38		2.38		2.38		0.78		0.78		0.78		2.22		2.22		2.22		1.59		1.59		1.59		0.78		0.78		0.78		0.78		0.78		0.78		2.16		2.16		2.16

		(6b) UE_P (dBm)		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21

		(7) P_TX (dBm) = min((4a), (5)-(2a), (6b)-(6a))		18.583624921		18.583624921		18.583624921		18.952		18.952		18.952		18.62		18.62		18.62		19		19		19		18.78		18.78		18.78		19		19		19		19		19		19		19		19		19		18.84		18.84		18.84

		(8a) NF  (dB)		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		(8b) Noise PSD (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174

		(9) P_N (dBm) = (8a) + (8b) + 10*lg((1-b)*1e6)		-105.416375079		-105.416375079		-105.416375079		-94.6245626186		-94.6245626186		-94.6245626186		-90.3648752958		-90.3648752958		-90.3648752958		-99.3957751658		-99.3957751658		-99.3957751658		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958		-96.3854752091		-96.3854752091		-96.3854752091		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958

		(10) Required SNR (dB)		0.22		0.04		-0.13		-10.33		-10.4		-9.62		-14.33		-13.87		-11.63		-0.28		0.35		0.62		-5.59		-4.65		-3.53		-8.1		-6.84		-4.26		0.78		0.6		0.85		-1.99		-2.46		-1.24		-4.46		-4.76		-1.91

		(11) MIL (dB) = (7) - (9) - (10) + (2a) + (2b)		149.78		149.96		150.13		149.9065626186		149.9765626186		149.1965626186		149.3148752958		148.8548752958		146.6148752958		144.6757751658		144.0457751658		143.7757751658		143.7451752525		142.8051752525		141.6851752525		143.4648752958		142.2048752958		139.6248752958		140.6054752091		140.7854752091		140.5354752091		140.3651752525		140.8351752525		139.6151752525		139.6648752958		139.9648752958		137.1148752958





Fig.5

		SCS		120 kHz																		480 kHz																		960 kHz

		sequence type		1 len-12						1 len-144						1 len-384						1 len-12						1 len-48						1 len-96						1 len-12						1 len-24						1 len-48

		channel		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns

		SCS (kHz)		120		120		120		120		120		120		120		120		120		480		480		480		480		480		480		480		480		480		960		960		960		960		960		960		960		960		960

		number of PRBs		1		1		1		12		12		12		32		32		32		1		1		1		4		4		4		8		8		8		1		1		1		2		2		2		4		4		4

		(1-a) BW(MHz)		1.44		1.44		1.44		17.28		17.28		17.28		46.08		46.08		46.08		5.76		5.76		5.76		23.04		23.04		23.04		46.08		46.08		46.08		11.52		11.52		11.52		23.04		23.04		23.04		46.08		46.08		46.08

		(1-b) BW_noise(MHz)		1.44		1.44		1.44		17.28		17.28		17.28		46.08		46.08		46.08		5.76		5.76		5.76		23.04		23.04		23.04		46.08		46.08		46.08		11.52		11.52		11.52		23.04		23.04		23.04		46.08		46.08		46.08

		(2a) TxBF (dBi)		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6

		(2b) RxBF (dBi)		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20

		(3a) Pmax_EIRP (dBm) = 40 - (2a)		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34

		(3b) Pmax_PSD (dBm) = 23 + max(0,10*lg((1-a))) - (2a)		18.583624921		18.583624921		18.583624921		29.3754373814		29.3754373814		29.3754373814		33.6351247042		33.6351247042		33.6351247042		24.6042248342		24.6042248342		24.6042248342		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		27.6145247909		27.6145247909		27.6145247909		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042

		(3c) Pmax_P = 27 - max(0,10*log10(100/(1-a)))		8.583624921		8.583624921		8.583624921		19.3754373814		19.3754373814		19.3754373814		23.6351247042		23.6351247042		23.6351247042		14.6042248342		14.6042248342		14.6042248342		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		17.6145247909		17.6145247909		17.6145247909		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042

		(4a) Pmax = min((3a),(3b))		18.583624921		18.583624921		18.583624921		29.3754373814		29.3754373814		29.3754373814		33.6351247042		33.6351247042		33.6351247042		24.6042248342		24.6042248342		24.6042248342		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		27.6145247909		27.6145247909		27.6145247909		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042

		(5) UE_EIRP (dBm)		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		(6a) Backoff		0.78		0.78		0.78		2.048		2.048		2.048		2.38		2.38		2.38		0.78		0.78		0.78		2.22		2.22		2.22		1.59		1.59		1.59		0.78		0.78		0.78		0.78		0.78		0.78		2.16		2.16		2.16

		(6b) UE_P (dBm)		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21

		(7) P_TX (dBm) = min((4a))		18.583624921		18.583624921		18.583624921		29.3754373814		29.3754373814		29.3754373814		33.6351247042		33.6351247042		33.6351247042		24.6042248342		24.6042248342		24.6042248342		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		27.6145247909		27.6145247909		27.6145247909		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042

		(8a) NF  (dB)		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		(8b) Noise PSD (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174

		(9) P_N (dBm) = (8a) + (8b) + 10*lg((1-b)*1e6)		-105.416375079		-105.416375079		-105.416375079		-94.6245626186		-94.6245626186		-94.6245626186		-90.3648752958		-90.3648752958		-90.3648752958		-99.3957751658		-99.3957751658		-99.3957751658		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958		-96.3854752091		-96.3854752091		-96.3854752091		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958

		(10) Required SNR (dB)		0.22		0.04		-0.13		-10.33		-10.4		-9.62		-14.33		-13.87		-11.63		-0.28		0.35		0.62		-5.59		-4.65		-3.53		-8.1		-6.84		-4.26		0.78		0.6		0.85		-1.99		-2.46		-1.24		-4.46		-4.76		-1.91

		(11) MIL (dB) = (7) - (9) - (10) + (2a) + (2b)		149.78		149.96		150.13		160.33		160.4		159.62		164.33		163.87		161.63		150.28		149.65		149.38		155.59		154.65		153.53		158.1		156.84		154.26		149.22		149.4		149.15		151.99		152.46		151.24		154.46		154.76		151.91





Fig.7

		SCS		120 kHz																		480 kHz																		960 kHz

		sequence type		1 len-12						1 len-144						1 len-384						1 len-12						1 len-48						1 len-96						1 len-12						1 len-24						1 len-48

		channel		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns

		SCS (kHz)		120		120		120		120		120		120		120		120		120		480		480		480		480		480		480		480		480		480		960		960		960		960		960		960		960		960		960

		number of PRBs		1		1		1		12		12		12		32		32		32		1		1		1		4		4		4		8		8		8		1		1		1		2		2		2		4		4		4

		(1-a) BW(MHz)		1.44		1.44		1.44		17.28		17.28		17.28		46.08		46.08		46.08		5.76		5.76		5.76		23.04		23.04		23.04		46.08		46.08		46.08		11.52		11.52		11.52		23.04		23.04		23.04		46.08		46.08		46.08

		(1-b) BW_noise(MHz)		1.44		1.44		1.44		17.28		17.28		17.28		46.08		46.08		46.08		5.76		5.76		5.76		23.04		23.04		23.04		46.08		46.08		46.08		11.52		11.52		11.52		23.04		23.04		23.04		46.08		46.08		46.08

		(2a) TxBF (dBi)		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6

		(2b) RxBF (dBi)		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20

		(3a) Pmax_EIRP (dBm) = 40 - (2a)		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34

		(3b) Pmax_PSD (dBm) = 23 + max(0,10*lg((1-a))) - (2a)		18.583624921		18.583624921		18.583624921		29.3754373814		29.3754373814		29.3754373814		33.6351247042		33.6351247042		33.6351247042		24.6042248342		24.6042248342		24.6042248342		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		27.6145247909		27.6145247909		27.6145247909		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042

		(3c) Pmax_P = 27 - max(0,10*log10(100/(1-a)))		8.583624921		8.583624921		8.583624921		19.3754373814		19.3754373814		19.3754373814		23.6351247042		23.6351247042		23.6351247042		14.6042248342		14.6042248342		14.6042248342		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		17.6145247909		17.6145247909		17.6145247909		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042

		(4a) Pmax = min((3a),(3b),(3c))		8.583624921		8.583624921		8.583624921		19.3754373814		19.3754373814		19.3754373814		23.6351247042		23.6351247042		23.6351247042		14.6042248342		14.6042248342		14.6042248342		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		17.6145247909		17.6145247909		17.6145247909		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042

		(5) UE_EIRP (dBm)		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		(6a) Backoff		0.78		0.78		0.78		2.048		2.048		2.048		2.38		2.38		2.38		0.78		0.78		0.78		2.22		2.22		2.22		1.59		1.59		1.59		0.78		0.78		0.78		0.78		0.78		0.78		2.16		2.16		2.16

		(6b) UE_P (dBm)		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21

		(7) P_TX (dBm) = min((4a), (5)-(2a), (6b)-(6a))		8.583624921		8.583624921		8.583624921		18.952		18.952		18.952		18.62		18.62		18.62		14.6042248342		14.6042248342		14.6042248342		18.78		18.78		18.78		19		19		19		17.6145247909		17.6145247909		17.6145247909		19		19		19		18.84		18.84		18.84

		(8a) NF  (dB)		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		(8b) Noise PSD (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174

		(9) P_N (dBm) = (8a) + (8b) + 10*lg((1-b)*1e6)		-105.416375079		-105.416375079		-105.416375079		-94.6245626186		-94.6245626186		-94.6245626186		-90.3648752958		-90.3648752958		-90.3648752958		-99.3957751658		-99.3957751658		-99.3957751658		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958		-96.3854752091		-96.3854752091		-96.3854752091		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958

		(10) Required SNR (dB)		0.22		0.04		-0.13		-10.33		-10.4		-9.62		-14.33		-13.87		-11.63		-0.28		0.35		0.62		-5.59		-4.65		-3.53		-8.1		-6.84		-4.26		0.78		0.6		0.85		-1.99		-2.46		-1.24		-4.46		-4.76		-1.91

		(11) MIL (dB) = (7) - (9) - (10) + (2a) + (2b)		139.78		139.96		140.13		149.9065626186		149.9765626186		149.1965626186		149.3148752958		148.8548752958		146.6148752958		140.28		139.65		139.38		143.7451752525		142.8051752525		141.6851752525		143.4648752958		142.2048752958		139.6248752958		139.22		139.4		139.15		140.3651752525		140.8351752525		139.6151752525		139.6648752958		139.9648752958		137.1148752958





Fig.8

		SCS		120 kHz																								480 kHz																								960 kHz

		sequence type		1 len-144						1 len-384						12 len-12						32 len-12						1 len-48						1 len-96						4 len-12						8 len-12						1 len-24						1 len-48						2 len-12						4 len-12

		channel		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns

		SCS (kHz)		120		120		120		120		120		120		120		120		120		120		120		120		480		480		480		480		480		480		480		480		480		480		480		480		960		960		960		960		960		960		960		960		960		960		960		960

		number of PRBs		12		12		12		32		32		32		12		12		12		32		32		32		4		4		4		8		8		8		4		4		4		8		8		8		2		2		2		4		4		4		2		2		2		4		4		4

		(1-a) BW(MHz)		17.28		17.28		17.28		46.08		46.08		46.08		17.28		17.28		17.28		46.08		46.08		46.08		23.04		23.04		23.04		46.08		46.08		46.08		23.04		23.04		23.04		46.08		46.08		46.08		23.04		23.04		23.04		46.08		46.08		46.08		23.04		23.04		23.04		46.08		46.08		46.08

		(1-b) BW_noise(MHz)		17.28		17.28		17.28		46.08		46.08		46.08		17.28		17.28		17.28		46.08		46.08		46.08		23.04		23.04		23.04		46.08		46.08		46.08		23.04		23.04		23.04		46.08		46.08		46.08		23.04		23.04		23.04		46.08		46.08		46.08		23.04		23.04		23.04		46.08		46.08		46.08

		(2a) TxBF (dBi)		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6

		(2b) RxBF (dBi)		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20

		(3a) Pmax_EIRP (dBm) = 40 - (2a)		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34		34

		(3b) Pmax_PSD (dBm) = 23 + max(0,10*lg((1-a))) - (2a)		29.3754373814		29.3754373814		29.3754373814		33.6351247042		33.6351247042		33.6351247042		29.3754373814		29.3754373814		29.3754373814		33.6351247042		33.6351247042		33.6351247042		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042		30.6248247475		30.6248247475		30.6248247475		33.6351247042		33.6351247042		33.6351247042

		(3c) Pmax_P = 27 - max(0,10*log10(100/(1-a)))		19.3754373814		19.3754373814		19.3754373814		23.6351247042		23.6351247042		23.6351247042		19.3754373814		19.3754373814		19.3754373814		23.6351247042		23.6351247042		23.6351247042		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042

		(4a) Pmax = min((3a),(3b),(3c))		19.3754373814		19.3754373814		19.3754373814		23.6351247042		23.6351247042		23.6351247042		19.3754373814		19.3754373814		19.3754373814		23.6351247042		23.6351247042		23.6351247042		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042		20.6248247475		20.6248247475		20.6248247475		23.6351247042		23.6351247042		23.6351247042

		(5) UE_EIRP (dBm)		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		(6a) Backoff		2.048		2.048		2.048		2.38		2.38		2.38		1.476		1.476		1.476		3.6		3.6		3.6		2.22		2.22		2.22		1.59		1.59		1.59		3.3		3.3		3.3		2.36		2.36		2.36		0.78		0.78		0.78		2.16		2.16		2.16		2.678		2.678		2.678		3.3		3.3		3.3

		(6b) UE_P (dBm)		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21		21

		(7) P_TX (dBm) = min((4a), (5)-(2a), (6b)-(6a))		18.952		18.952		18.952		18.62		18.62		18.62		19		19		19		17.4		17.4		17.4		18.78		18.78		18.78		19		19		19		17.7		17.7		17.7		18.64		18.64		18.64		19		19		19		18.84		18.84		18.84		18.322		18.322		18.322		17.7		17.7		17.7

		(8a) NF  (dB)		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		(8b) Noise PSD (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174

		(9) P_N (dBm) = (8a) + (8b) + 10*lg((1-b)*1e6)		-94.6245626186		-94.6245626186		-94.6245626186		-90.3648752958		-90.3648752958		-90.3648752958		-94.6245626186		-94.6245626186		-94.6245626186		-90.3648752958		-90.3648752958		-90.3648752958		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958		-93.3751752525		-93.3751752525		-93.3751752525		-90.3648752958		-90.3648752958		-90.3648752958

		(10) Required SNR (dB)		-10.33		-10.4		-9.62		-14.33		-13.87		-11.63		-10.86		-10.42		-9.49		-14.38		-13.91		-12.2		-5.59		-4.65		-3.53		-8.1		-6.84		-4.26		-5.46		-4.65		-3.81		-8.03		-6.91		-4.4		-1.99		-2.46		-1.24		-4.46		-4.76		-1.91		-1.97		-2.02		-0.77		-4.49		-4.53		-2.02

		(11) MIL (dB) = (7) - (9) - (10) + (2a) + (2b)		149.9065626186		149.9765626186		149.1965626186		149.3148752958		148.8548752958		146.6148752958		150.4845626186		150.0445626186		149.1145626186		148.1448752958		147.6748752958		145.9648752958		143.7451752525		142.8051752525		141.6851752525		143.4648752958		142.2048752958		139.6248752958		142.5351752525		141.7251752525		140.8851752525		143.0348752958		141.9148752958		139.4048752958		140.3651752525		140.8351752525		139.6151752525		139.6648752958		139.9648752958		137.1148752958		139.6671752525		139.7171752525		138.4671752525		138.5548752958		138.5948752958		136.0848752958





Fig.9

		SCS		120 kHz

		sequence type		1 len-144						12 comb 12

		channel		DS = 5ns		DS = 10ns		DS = 20ns		DS = 5ns		DS = 10ns		DS = 20ns

		SCS (kHz)		120		120		120		120		120		120

		number of PRBs		12		12		12		12		12		12

		(1-a) BW(MHz)		17.28		17.28		17.28		15.96		15.96		15.96

		(1-b) BW_noise(MHz)		17.28		17.28		17.28		1.44		1.44		1.44

		(2a) TxBF (dBi)		6		6		6		6		6		6

		(2b) RxBF (dBi)		20		20		20		20		20		20

		(3a) Pmax_EIRP (dBm) = 40 - (2a)		34		34		34		34		34		34

		(3b) Pmax_PSD (dBm) = 23 + max(0,10*lg((1-a))) - (2a)		29.3754373814		29.3754373814		29.3754373814		29.0303288701		29.0303288701		29.0303288701

		(3c) Pmax_P = 27 - max(0,10*log10(100/(1-a)))		19.3754373814		19.3754373814		19.3754373814		19.0303288701		19.0303288701		19.0303288701

		(4a) Pmax = min((3a),(3b),(3c))		19.3754373814		19.3754373814		19.3754373814		19.0303288701		19.0303288701		19.0303288701

		(5) UE_EIRP (dBm)		25		25		25		25		25		25

		(6a) Backoff		2.048		2.048		2.048		0.7756		0.7756		0.7756

		(6b) UE_P (dBm)		21		21		21		21		21		21

		(7) P_TX (dBm) = min((4a), (5)-(2a), (6b)-(6a))		18.952		18.952		18.952		19		19		19

		(8a) NF  (dB)		7		7		7		7		7		7

		(8b) Noise PSD (dBm/Hz)		-174		-174		-174		-174		-174		-174

		(9) P_N (dBm) = (8a) + (8b) + 10*lg((1-b)*1e6)		-94.6245626186		-94.6245626186		-94.6245626186		-105.416375079		-105.416375079		-105.416375079

		(10) Required SNR (dB)		-10.33		-10.4		-9.62		0.44		0.36		1.21

		(11) MIL (dB) = (7) - (9) - (10) + (2a) + (2b)		149.9065626186		149.9765626186		149.1965626186		149.976375079		150.056375079		149.206375079






