3GPP TSG RAN WG1 #104-bis-e		R1-2102998
e-meeting, April 12th –20th, 2021

Source:	Lenovo, Motorola Mobility
Title: 	Enhancements to PUCCH formats 0/1/4 for NR from 52.6 GHz to 71GHz
Agenda Item:   8.2.3
Document for:	Discussion

1	Introduction
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Following agreements related to PUCCH formats for NR operation from 52.6 GHz to 71 GHz were made in RAN1#104-e [1]:

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:  where  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 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 discuss and present our views on the following topics for PUCCH format 0/1/4 enhancements
· Frequency Domain Resource Mapping including the number of required RBs
· PUCCH Format 0/1 Sequence Type
· PUCCH Format 4 DFT Precoding options
· Link level simulation for PUCCH Format 0/1/4 and link budget calculation

2	Enhancements for PUCCH
2.1 Common enhancements to PUCCH formats 0/1/4

Maximum PSD requirements per 1MHz bandwidth resolution at 60GHz band differs depending on different regions. For example, it is defined to be limited by 23dBm/MHz in some regions, while it is more restricted in other regions for example with 13dBm/MHz. The maximum PSD can be achieved if the UE is configured with multiple RBs transmission, e.g. for PUSCH/SRS or multiple RBs PUCCH formats such as PF2, PF3 for all supported SCS (120KHz, 480KHz, 960KHz). On the other hand, PUCCH formats 0, 1, 4 occupy only one RB for transmission, and since the max UE emitted power depends on the allocated bandwidth, PUCCH transmission at devices own EIRP limit cannot be achieved specially for 120KHz. The transmission power of PUCCH signal under PSD restriction would be limited which leads to a coverage loss. Therefore, these formats require further enhancements to ensure transmission power under EIRP/PSD requirements. One straightforward extension would be to allow for larger RB allocation for PUCCH formats 0/1/4 as well, similar to PUCCH format 2/3. 

Proposal 1: For NR operation between 52.6 GHz and 71 GHz, increased RB allocation for PUCCH formats 0/1/4 should be supported
2.2 Enhancements to PUCCH formats 0/1

In order to satisfy the PSD requirements, PUCCH formats 0/1 need to be mapped to multiple RBs depending on the configured SCS and the maximum PSD value for a certain region. One possibility to utilize increased number of RBs (more than one) is by simply applying frequency domain repetition of the generated PUCCH. Depending on the configured SCS and the PSD requirement for a certain region, number of RB is configured to repeat the single RB generated PUCCH resources in frequency domain. Another potential option is to use long base sequence for generating the PUCCH signal, i.e. multiple of the conventional length-12 sequence.  Since the orthogonal sequences require the number of REs of a PUCCH to be larger than or equal to , where  denotes the number of information bits of the UCI, increasing the number  of REs for mapping one/two bits does not affect the orthogonality between the sequences. In other words, longer base sequence allows for multiple RB mapping of small UCI information without affecting phase rotation separations of the information bits for the UE, i.e. the UCI information of one bit ACK/NACK or SR can still be seperated with π phase rotation and two bits informations is seperated with π/2. For simultaneous ACK/NACK and SR, the phase rotation separation is π/4 for one bit ACK/NACK and π/6 for two bits. Using a longer base sequence would allow for multiplexing higher number of UEs using the same time-frequency resources and different cyclic shifts of the same base sequence. An alternative solution is to use multiple (same) base sequence of length N, where the number of base sequences is equal to the number of RBs configured for the PUCCH format, if the base sequence length is 12. If the base sequence length is longer for example 24, then one base sequence is mapped to 2 RBs and if 2 base sequences of length 24 are configured, then the total number of RBs is 4. Therefore, generally, total number of RBs can be a multiple of (length of base sequence * number of base sequences)/12. The information bit for a UE is transmitted depending upon the combination of phase rotation on each of the multiple base sequence on each of the multiple RBs. For example, if UE is configured to use 2 RBs for a PUCCH format, and if the PUCCH format is required to transmit only one bit of information i.e. ACK or NACK, then the ACK is indicated if the phase rotation is 0 on each base sequence mapped to each of the RBs and NACK is indicated if the phase rotation is 0 on the 1st base sequence mapped to the first RB (with minimum index) and the phase rotation is π on the 2nd base sequence mapped to the second RB (with minimum index+1). In case of 2 bits UCI, then each of the base sequence is used independently for indication. For example, the 1st bit is indicated by phase rotation of the 1st base sequence mapped to the first RB (such as LSB mapped to RB with minimum index) and the 2nd bit is indicated by the phase rotation of the 2nd base sequence mapped to the second RB (such as MSB mapped to RB with minimum index+1).

Proposal 2: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 transmitted with multiple number of (same) base sequences with different phase shifts should be supported for mapping to multiple RBs

1 
2 
2.1 
2.2 
Link level simulation for enhancing PF 0/1

[bookmark: _Ref61616893]We performed simulation for PUCCH formats 0/1 with multiple RBs. For PF0/1, we considered two alternatives: repetition of 12-based sequence and long sequence over multiple RBs. For one RB and two RBs, the two alternatives use identical sequence based on low-PAPR sequence type1 CGS based [TS 38.211, clause 5.2.2.2]. For more than two RBs, the low-PAPR sequence type 1 ZC based [TS 38.211, clause 5.2.2.2] was used. The simulation assumptions used for the evaluation are collected the Appendix section, Table 6.   
The calculated cubic metric for both mapping alternatives with different RBs is summarized in Table 1. 

Table 1: CM [dB] for different numbers of RBs
	
	Repetition
	Long Sequence

	
	PF0
	PF1
	PF0
	PF1

	1RB
	1.0210
	1.0210
	1.0200
	1.0200

	2RBs
	3.9700    
	3.9700    
	1.2600
	1.2500

	3RBs
	6.1600    
	6.1600    
	1.6500
	1.5100

	4RBs
	7.6700    
	7.6700    
	1.3600
	1.3300




Observation 1: For one RB case, the two alternatives for PF 0/1 use identical sequence and hence have same cubic metrics. For repetition, the cubic metric increases with increasing the number of RBs for all formats, while it is significantly less in case of long sequence.

Figure 1 and Figure 2 show simulation results for BLER and Ack 2 Error performance for PUCCH format 0 for different mapping options and different number of RBs. More results are listed in the Appendix.
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(a)                                                                                      (b)    
Figure 1: Performance of PF0 with multiple RBs ; (a) with repetition, (b) with long sequence
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Figure 2: Performance comparison between 120kHz/960kHz for PF0 with multiple RBs 

	SNR[dB] points for Ack 2 Error (1%)
	1RB
	2RBs
	3RBs
	4RBs
	8RBs
	16RBs

	PF0, Repetition, 1bit, 1 symbol, 120kHz
	8.2
	7.1
	5
	3.6
	0
	-3

	PF0, LongSeq, 1bit, 1 symbol 120kHz
	8.2
	5.9
	4
	2.9
	0.1
	-2

	PF0, LongSeq, 1bit, 1 symbol, 960kHz
	9
	7
	4.9
	3.8
	
	

	PF0, LongSeq, 1bit, 2 symbols 120kHz
	3
	-1
	-2.3
	-3.2
	
	

	PF0, LongSeq, 1bit, 2 symbols 960kHz
	3
	-1.3
	-3
	-4.4
	
	



Based on the link level simulation and the resulted SNR points for different detection requirements with the assumed power parameters listed in Table 6, considering South Korea regulations for <300m, we calculate the Maximum Isotropic Loss for both RB mapping alternatives


Table 2: MIL for PF 0 with 1-bit payload, 1 symbol duration, 120KHz, (SNR points for pr(Ack 2 Error))
	
	Repetition
	Long sequence

	1RB
	  133.2267   
	     133.2267

	2RBs
	  132.9000   
	     134.1000

	3RBs
	  135.0000   
	     136.0000

	4RBs
	  136.4000   
	     137.1000


* MIL = P_TX (dBm)– P_N – Required SNR + TxBF(6dB) + RxBF(20dB)
   Where P_N = Noise PSD(-174dBm/Hz) + 10*log10(BW * 1e6) + NF(7dB)
  
For format 0, increasing the number of RBs from 1 to 4 with long sequence provides a gain of MIL with round 3dB. For repetition, due to the high CM, the achieved gain is reduced.
Observation 2: For mapping of the RBs for PUCCH format 0 with long sequence, detection probability and the coverage become better with increasing the number of RBs depending on the sequence length.

Figure 1 and Figure 2 show simulation results for BLER and Ack 2 Error performance for PUCCH format 1 for different mapping options and different number of RBs. More results are listed in the Appendix.
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Figure 3: Performance for PUCCH format 1 with one or multiple RBs for 120kHz
[bookmark: _Hlk67872215]
	PF1, 120kHz, payload 1bit, 1 symbol duration
	1RB
	2RBs
	3RBs
	4RBs

	PUCCH format 1, Repetition
	SNR[dB] points for Pr (Ack to Error) (1%)
	-9
	-12
	-14.1
	-14.8

	
	SNR[dB] points for Pr(DTX/NACK to ACK) (0.1%)
	-5
	-7.3
	-11.5
	-12.7

	PUCCH format 1, Long Sequence
	SNR[dB] points for Pr (Ack to Error) (1%)
	-9
	-11
	-13.2
	-14.8

	
	SNR[dB] points for Pr(DTX/NACK to ACK) (0.1%)
	-5
	-8
	-9.5
	-10.7



Based on the link level simulation and the resulted SNR points for different detection requirements with the assumed power parameters listed in Table 6, considering South Korea regulations for <300m, we calculate the Maximum Isotropic Loss for both RB mapping alternatives.
Table 3: MIL[dB] for PF 1 with 1-bit payload, 8 symbols, 120kHz, (SNR pints for pr(Ack 2 Error/DTX2Ack)) 
	
	Repetition %1
	Repetition %0.1
	Long sequence 1%
	Long sequence .1%

	1RB
	  150.4267
	  146.4267
	  150.4267
	  146.4267

	2RBs
	  152.0000
	  147.3000
	  151.0000
	  148.0000

	3RBs
	  154.1000
	  151.5000
	  153.2000
	  149.5000

	4RBs
	  154.8000
	  152.7000
	  154.8000
	  150.7000



From table 4, PUCCH format 1 with increasing the number of RBs from 1 to 4 for both alternatives shows MIL gain of 4 dB
Observation 3: For both alternatives of RB mapping for PUCCH format 1, detection probability and coverage become better with increasing the number or RBs or the sequence length for both detection criteria. 

The link level simulation results show that PUCCH format 1 achieves better coverage than PUCCH format 0 and show an increase of the coverage with increasing the number of RBs for PUCCH formats 0/1 for both alternatives. However simple frequency domain repetition shows significant increase of PAPR and CM comparing to long sequence-based approach which results in different link budget. Furthermore, using long sequence for mapping multiple RBs allow for multiplexing more UEs in the same PUCCH allocation comparing to repetition. Therefore, for enhancing PUCCH formats 0/1 to allow for both coverage and satisfying PSD limitation, Rel15 based low-PAPR type sequence with different lengths that cover multiple RBs should be considered. 

Proposal 3: For NR operation between 52.6 GHz and 71 GHz, Rel 15 based long sequence should be considered for PUCCH formats 0/1 for mapping to multiple RBs.

Currently, PUCCH format 0 is transmitted either in one or two OFDM symbols for feedback with low latency purpose. This depends on the size of the UCI payload whether it is one or two bits. In order to enable 2 PRBs for mapping PUCCH sequence and enhance the total transmitted power under PSD limitation, may be only one symbol is used even for two bits UCI and PUCCH sequence is mapped on two PRBs. If two symbols are configured for transmission, then repetition on the second symbol can be performed.

Proposal 4: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 should be enhanced to support 2-bit transmission with 1 symbol by mapping to 2 RBs.

If frequency domain repetition is also considered for mapping RBs for PUCCH formats 0/1/, a combination of repetition and long sequence could be supported such that long sequence of length of few RBs for PF0/1 is used and this block of RBs is repeated in frequency domain with number of repetitions that satisfies the required PSD limitations

Proposal 5: For NR operation between 52.6 GHz and 71 GHz, a combination of repetition and longs sequence could be supported for mapping on multiple RBs for PUCCH format 0/1

2.3 Enhancements to PUCCH format 4
PUCCH format 4 is a long format that spans several symbols (4 -14 OFDM symbols), however, it is mapped to a single RB. The BPSK/QPSK modulated information are spread using DFT with length 12 for the number of OFDM symbols configured for PUCCH excluding RS symbols which are TDMed with PUCCH symbols. In order to satisfy the PSD requirements, PUCCH formats 0/1 need to be mapped to multiple RBs depending on the configured SCS and the PSD required value for a certain region. One possibility to utilize increased number of RBs (more than one) is by simply applying frequency domain repetition of the generated PUCCH with 12-based DFT. Depending on the configured SCS and the PSD requirement for a certain region, number of RB is configured to repeat the single RB generated PUCCH resources in frequency domain, the other option is to increase the length of DFT that spans the required number of RBs. 

2.3 
Link level simulation for enhancing PF 4

We performed simulation for PUCCH format PF4 with two mapping options, using either one DFT over one RB and repeated over multiple of RBs or a single DFT that spans multiple RBs. The simulation assumptions used for the evaluation are collected in the Appendix Table 6.   For long DFT, the CR is changing based on the number of RBs used for PF4. The below table lists the effective code rate for different payload and number or RBs

	Payload
	#RBs
	CR

	22 (Polar)

	1
	0.3056

	
	2
	0.1528

	
	3
	0.1019

	
	4
	0.0764

	11 (RM)

	1
	0.1528

	
	2
	0.0764

	
	3
	0.0509

	
	4
	0.0382

	4 (RM)

	1
	0.0556

	
	2
	0.0278

	
	3
	0.0185

	
	4
	0.0139



In Table 4 we show the calculated CM of PF 4 for both alternatives

Table 4: CM [dB] for different numbers of RBs
	
	Repetition with 12-based DFT
	Long DFT

	
	PF4
	PF4

	1RB
	0.8300
	0.8300

	2RBs
	2.4700
	0.8870

	3RBs
	4.2800
	1.0900

	4RBs
	5.7300
	1.2580



Observation 4: PUCCH format 4 with prepetition of single RB DFT repeated over multiple RBs shows significant increase of CM comparing to single DFT that spans all the allocated RBs.

Figure 4 shows simulation results for BLER performance for PUCCH format 4 for different mapping options, different SCS and different number of RBs. 
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Figure 4: BLER Performance for PUCCH format 4 with one or multiple RBs 


Based on the link level simulation and the resulted SNR points for different detection requirements with the assumed power parameters listed in table 6 considering South Korea regulations for <300m we calculate the Maximum Isotropic Loss for both RB mapping alternatives
   
Table 5: MIL[dB] for PF 4 with 4/22 bits payload, 8 symbols duration, 120kHz/960kHz, (SNR points for BLER at 1%)
	
	1RB
	  2RBs
	  3RBs
	  4RBs

	(%1), rep, 120kHz, 22 bits
	138.4267  
	 139.5000  
	  141.2000  
	  142.0000  

	(%1), LongDFT,120kHz, 22bits
	141.0000
	 141.0000
	  143.0000
	  144.3000

	(%1), rep, 960kHz, 22 bits 
	138.4267  
	 139.4000  
	  140.9000  
	  141.8000  

	(%1), LongDFT,960kHz, 22bits
	138.4267
	 140.6000
	  142.0000
	  142.3000  

	(%1), LongDFT,960kHz, 4bits
	144.4267  
	 146.0000  
	  147.5000  
	  148.7000  


  
Observation 5: For both alternatives (single 12 SCs DFT or long DFT) of RB mapping for PUCCH format 4, the detection probability and coverage become better with increasing the number of repetitions or the length of DFT covering multiple RBs. Around 4dB gain can be achieved for long DFT from 1RB to 4RBs. The coverage increased for low payload size.

The link level simulation results show an increase of the coverage with increasing the number of RBs for PUCCH format 4 for both repetition of single 12 SCs DFT and multi-RBs-based DFT. Since the PAPR and CM comparing significantly increase with number of repeated RBs comparing with long DFT precoding, we conclude that for enhancing PUCCH formats 0/1/4 to allow for both coverage and satisfying PSD limitation, long DFT precoding that spans all allocated RBs should be considered for PUCCH format 4 RB mapping.

Proposal 6: For NR operation between 52.6 GHz and 71 GHz, Rel 15 long DFT precoding that spans all RBs should be considered for PUCCH format 4 for mapping to multiple RBs.

If frequency domain repetition is considered for mapping RBs for PUCCH formats 0/1/, a combination of repetition and long sequence could be supported such that a DFT that spans a few RBs for PF4 is used and this block of RBs is repeated in frequency domain with number of repetitions that satisfies the required PSD limitations

Proposal 7: For NR operation between 52.6 GHz and 71 GHz, a combination of repetition and longs DFT could be supported for mapping on multiple RBs for PUCCH format 4

3	Conclusion 
Here we summarize the observations and proposals from the above sections:

Observation 1: For one RB case, the two alternatives for PF 0/1 use identical sequence and hence have same cubic metrics. For repetition, the cubic metric increases with increasing the number of RBs for all formats, while it is significantly less in case of long sequence.

Observation 2: For mapping of the RBs for PUCCH format 0 with long sequence, detection probability and the coverage become better with increasing the number of RBs depending on the sequence length.

Observation 3: For both alternatives of RB mapping for PUCCH format 1, detection probability and coverage become better with increasing the number or RBs or the sequence length for both detection criteria. 

Observation 4: PUCCH format 4 with prepetition of single RB DFT repeated over multiple RBs shows significant increase of CM comparing to single DFT that spans all the allocated RBs.

Observation 5: For both alternatives (single 12 SCs DFT or long DFT) of RB mapping for PUCCH format 4, the detection probability and coverage become better with increasing the number of repetitions or the length of DFT covering multiple RBs. Around 4dB gain can be achieved for long DFT from 1RB to 4RBs. The coverage increased for low payload size.

Proposal 1: For NR operation between 52.6 GHz and 71 GHz, increased RB allocation for PUCCH formats 0/1/4 should be supported

Proposal 2: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 transmitted with multiple number of (same) base sequences with different phase shifts should be supported for mapping to multiple RBs

Proposal 3: For NR operation between 52.6 GHz and 71 GHz, Rel 15 based long sequence should be considered for PUCCH formats 0/1 for mapping to multiple RBs.

Proposal 4: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 should be enhanced to support 2-bit transmission with 1 symbol by mapping to 2 RBs.

Proposal 5: For NR operation between 52.6 GHz and 71 GHz, a combination of repetition and longs sequence could be supported for mapping on multiple RBs for PUCCH format 0/1

Proposal 6: For NR operation between 52.6 GHz and 71 GHz, Rel 15 long DFT precoding that spans all RBs should be considered for PUCCH format 4 for mapping to multiple RBs.

Proposal 7: For NR operation between 52.6 GHz and 71 GHz, a combination of repetition and longs DFT could be supported for mapping on multiple RBs for PUCCH format 4


4	References
[1] 	3GPP RAN1#104-e. “Chairman Notes”

5	Appendix

5.1 Simulation assumptions
Table 8: Simulation Assumptions
	Assumptions
	Value

	Carrier Frequency [GHz]
	60 GHz

	Subcarrier Spacing [kHz]
	120, 480, 960 kHz

	Number of usable RBs per carrier
	256 for 120 kHz SCS (corresponds to ~400 MHz carrier)
256 for 480 kHz SCS (corresponds to ~1600 MHz carrier)
160 for 960 kHz SCS (corresponds to ~2000 MHz carrier)
 


	PUCCH Frequency Hopping
	On, (hopping with half of the allocated PUCCH RBs)

	CP Type
	Normal CP

	Channel Model
	TDL-A, 5ns, 10ns, 10ns


	BS Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,2}

	UE Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,1}

	Mobility
	3 km/hr

	Channel Estimation
	Realistic channel estimation

	PUCCH Format
	PF0, PF1, PF4

	Number of OFDM symbols used for PUCCH resource
	1,2 for PF0
8,10 for PF4

	Sequence construction details
	Rel15, Low-PAPR Sequence type 1 for PF0/1

	PUCCH payload encoder type
	4, 11 (with RM coding), 22(with Polar coding) for PF4, 
1,2 for PF0/1

	#RBs
	1, 2, 3, 4, 8, 16

	UE Tx Beamforming gain
	TxBF = 6 dBi

	BS Rx Beamforming gain 
	RxBF = 20 dBi

	UE Power Limitations
	Maximum EIRP:
UE_EIRP = 25 dBm
Maximum conducted power 
UE_P = 21 dBm

	Noise 
	BS Noise Figure, NF = 7 dB
Noise PSD = -174 dBm/Hz

	Considered region 
	South Korea regulation for <300m
Pmax_EIRP = 27 dBm – TxBF   when an equipment is <300m from an astronomical antenna
Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW)) - TxBF
Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)



5.2 Additional results

	SNR points [dB] for 1% and 0.1%
	1RB
	2RBs
	3RBs
	4RBs

	PF0
	120kHz, 20ns, 1sym, 1bit, LSeq (1%)
	9
	6.3
	6
	2.6

	
	120kHz, 20ns, 1sym, 1bit, rep. (1%)
	10
	6.7
	3.6
	2.5

	
	120kHz, 10ns, 1sym, 1bit, LSeq(1%)
	8.2
	5.5
	4
	2

	
	120kHz, 10ns, 1sym, 1bit, rep(1%)
	8.3
	7
	5
	4

	
	120kHz, 10ns, 2sym, 1bit, LSeq (1%)
	2.5
	-1
	-2.5
	-3

	
	120kHz, 10ns, 2sym, 1bit, LSeq (0.1%)
	8.2
	5
	3.2
	2.3

	
	480Khz, 20ns, 1sym, 1bit, LSeq (1%)
	10
	7.5
	6.8
	4

	
	480Khz, 20ns, 1sym, 1bit, rep. (1%)
	10
	4.7
	2
	0

	
	480kHz, 5ns, 1sym, 1bit, LSeq (1%)
	9
	6.5
	4
	3

	
	480kHz, 5ns, 1sym, 1bit, rep. (1%)
	9
	5.5
	4
	2.4

	
	960kHz, 10ns, 1sym, 1bit, rep (1%)
	11
	4.3
	2.3
	1.2

	
	960kHz, 10ns, 1sym, 1bit, LSeq (1%)
	9
	6.8
	4.9
	4

	PF1
	120kHz, 10ns, 10sym, 1bit, LSeq (1%)
	-10
	-12.7
	-14
	-14.7

	
	120kHz, 10ns, 10sym, 1bit, rep (1%)
	-6.5
	-9.5
	-10.3
	-11.4

	
	120kHz, 10ns, 10sym, 1bit, rep (.1%)
	-9.5
	-12
	-13.9
	-15.8

	
	120kHz, 20ns, 8sym, 1bit, LSeq(1%)
	-9.5
	-12.8
	-14.8
	-15.9

	
	120kHz, 20ns, 8sym, 1bit, LSeq(.1%)
	-5.6
	-9
	-10.5
	-12.3

	
	480kHz, 20ns, 8sym, 1bit, LSeq (1%)
	-9
	-11.3
	-12
	-12.2

	
	480kHz, 20ns, 8sym, 1bit, LSeq (.1%)
	-5.9
	-7.2
	-8
	-9.2

	
	480kHz, 20ns, 8sym, 1bit, rep(1%)
	-9.5
	-11.7
	-13.4
	-14

	
	480kHz, 20ns, 8sym, 1bit, rep (.1%)
	-6.3
	-9
	-10.5
	-10.9

	
	960kHz, 10ns, 10sym, 1bit (1%)
	-9
	-12
	-13.9
	-15

	
	960kHz, 10ns, 10sym, 1bit (.1%)
	-6
	-9.3
	-10
	-12

	
	960kHz, 20ns, 8sym, 1bit, LSeq (1%)
	-9.5
	-12
	-13
	-14.1

	
	960kHz, 20ns, 8sym, 1bit, LSeq (.1%)
	-5.3
	-8.2
	-9
	-10.5

	
	960kHz, 10ns, 8sym, 1bit, LSeq(1%)
	-9.5
	-12
	-12.8
	-14.4

	
	960kHz, 10ns, 8sym, 1bit, LSeq(.1%)
	-5.5
	-8.2
	-9
	-10.5

	PF4
	960kHz, 10ns 8sym, 22bits, L_DFT 
	3
	-.5
	-2
	-3

	
	960kHz, 10ns 8sym, 22bits, rep
	3
	.2
	-1
	-1.3

	
	120kHz, 10ns, 8sym, 22bits, L_DFT
	3
	-.9
	-2.7
	-4.1

	
	120kHz, 10ns, 8sym, 22bits, rep
	3
	.4
	-1.2
	-2

	
	960kHz, 10ns, 10sym, 11, L_DFT
	-2.2
	-5.1
	-6.4
	-7.2

	
	120kHz, 10ns, 10sym, 11, L_DFT
	-2
	-5
	-6.7
	-7.8

	
	120kHz, 10ns, 10sym, 11, rep
	-1.8
	-4
	-6.6
	-7.5

	
	480kHz, 20ns, 8sym, 22bits, L_DFT
	3
	0
	-1.9
	-2.6

	
	480kHz, 20ns, 8sym, 22bits, rep
	2.7
	0
	-1
	-2

	
	480kHz, 5ns, 8sym, 22bits, L_DFT
	2.6
	-1.4
	-3
	-4

	
	480kHz, 5ns, 8sym, 22bits, rep
	2.7
	.6
	-1.5
	-2.4

	
	120kHz, 20ns, 8sym, 22bits, L_DFT
	2.5
	-1
	-2.9
	-4

	
	120kHz, 20ns, 8sym, 22bits, rep
	2.5
	-.6
	-1.9
	-2.5
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