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Introduction
This paper presents Nokia’s view on PRACH demodulation requirements related to the operation between 52.6 GHz and 71 GHz. 
Discussion
Channel model
During RAN4#104 we have reached independent channel model agreements for general demodulation requirements in [1] and for PRACH demodulation requirements in [2].
Agreements from [1]
	RMS delay spread
· Adopt channel model according to the channel bandwidth as: 
	SCS [kHz]
	CBW [MHz]
	Applicable channel models 
	Tap resolution [ns]
	Tap number

	120
	100
	TDLA30-650
TDLD30-200
	5
	12

	120
480
[960]
	≥400
	TDLA10-650
TDLD10-200
	2
	16






Agreement for PRACH [2]:
	Sub-topic 1-3: Channel Model
Way forward: need to be confirm
· RAN4 to define PRACH demodulation requirements using AWGN and TDL-A 10-650 channel model.




The general WF agreement was using TDLA30 and TDLD30 for 100 MHz test cases, while using TDLA10 and TDLD10 for requirements using wider bandwidth, i.e. 400 MHz. On the other hand, the agreement from the PRACH WF considers TDLA10 in general. Considering the general agreement, it is reasonable to review the previous PRACH agreement to consider TDLA30 for 120 kHz SCS. 
Channel model agreement for 120 kHz SCS is contradicting agreement for PRACH demodulation requirements. 
RAN4 to define PRACH demodulation requirements using AWGN and TDL-A 30-650 channel model for 120 kHz SCS and using AWGN and TDL-A 10-650 channel model for other SCSs. 

Sub carrier spacings for PRACH requirements
During RAN4#104 we stell kept open the definition of PRACH demodulation requirements with 960 kHz SCS [2].
	Sub-topic 1-1: SCS for PRACH requirements
Way forward: Open issue needs further discussion
· Option 1: Define requirements for PRACH using 120 kHz, 480 kHz and 960 kHz SCS
· Option 2: Define requirements for PRACH using 120 kHz and 480 kHz SCS
· Option 3: Define requirements for PRACH using 120 kHz, 480 kHz and 960 kHz SCS
· Define that 960 kHz is optional




As we understand, the definition of 960 kHz was studied in the study phase of this work, and it was identified the need for this SCS. Therefore, we believe that definition of 960 kHz requirements should not be precluded. 
Define PRACH demodulation requirements using 960 kHz SCS. 
Ncs value
During the previous RAN4 meetings, the following options for  were discussed  with the tentative agreement as in [1]:
	Sub-topic 1-2: Ncs, logical sequence index combinations
Way forward: Open issue needs further discussion
· Option 1: Use following configuration for PRACH requirements 
· SCS=120, LRA=139, NCS=69
· SCS=120, LRA=571, NCS=285
· SCS=120, LRA=1151, NCS=575
· SCS=480, LRA=139, NCS=69
· SCS=480, LRA=571, NCS=285 
· Option 2: Use following configuration for PRACH requirements in addition to option 1:
· SCS=960, LRA=139, NCS=69 if we defined 960 kHz SCS requirements





From our point of view, it is reasonable to assume that the  is chosen such considering the equivalent cell size. For this reason, we calculate the maximum detectable timing offset based on  Considering that: 
· for each root Zadoff-Chu sequence the number of cyclically shifted sequences that can be obtained is  

· that the sequence length for the short preamble format C0 is 

· the maximum detectable time offset can be calculated as

Additionally, the values of Ncs can be chosen from Table 6.3.3.1-7 of 38.211 [3]:
	
Table 6.3.3.1-7:  for preamble formats with  .
	zeroCorrelationZoneConfig, 
msgA-ZeroCorrelationZoneConfig
	 value

	
	
	
	

	0
	0
	0
	0

	1
	2
	8
	17

	2
	4
	10
	21

	3
	6
	12
	25

	4
	8
	15
	30

	5
	10
	17
	35

	6
	12
	21
	44

	7
	13
	25
	52

	8
	15
	31
	63

	9
	17
	40
	82

	10
	19
	51
	104

	11
	23
	63
	127

	12
	27
	81
	164

	13
	34
	114
	230

	14
	46
	190
	383

	15
	69
	285
	575






Considering the formulas above, the maximum detectable timing offset can be calculated as shown in Table 1 for the existing Rel 15 and Rel 16 requirements. In this table, the values of Ncs are chosen in accordance to 38.104. The results from the table show similar cell size for all SCS and LRA options of FR1. For FR2 the Tmax decreases with the SCS since all SCSs already use the Ncs value that provides larger Tmax, i.e. Ncs = 69. 
Therefore, we understand that we can chose the same approach as the one used in FR2-1, where Ncs is chosen to provide good coverage are using zeroCorrelationZoneConfig = 15. The calculated  in that case is as shown in Table 1 for FR1 in Rel15 + NRU and FR2-1 and in Table 2 with the proposed Ncs value. 

[bookmark: _Ref58930860]Table 1 Calculated maximum timing offset for existing PRACH requirements
	
	FR1 (Rel 15 + Rel 16 NR-U)
	FR2-1 (Rel 15)

	
	139
	139
	1151
	571
	139
	139

	
	23
	46
	164
	190
	69
	69

	SCS
	15
	30
	15
	30
	60
	120

	
	0
	1
	0
	1
	2
	3

	
	64
	64
	64
	64
	64
	64

	
	0.509
	0.509
	0.509
	0.509
	0.509
	0.509

	
	131072
	65536
	131072
	65536
	32768
	16384

	
	6
	3
	7
	3
	2
	2

	 (us)
	11.1
	11.1
	9.5
	11.1
	8.3
	4.2



[bookmark: _Ref101806584]Table 2 Calculated maximum timing offset for the proposed Ncs PRACH configuration
	
	FR2-2

	
	139
	571
	1151
	139
	571
	139

	
	69
	285
	575
	69
	285
	69

	SCS
	120
	120
	120
	480
	480
	960

	
	3
	3
	3
	5
	5
	6

	
	64
	64
	64
	64
	64
	64

	
	0.509
	0.509
	0.509
	0.509
	0.509
	0.509

	
	16384
	16384
	16384
	4096
	4096
	2048

	
	2
	2
	2
	2
	2
	2

	 (us)
	4.2
	4.2
	4.2
	1.0
	1.0
	0.5




[bookmark: _Toc61552603]The  parameters used for FR2 requirements (Ncs=69) are the ones that provide the maximum coverage area for LRA=139. 
The LRA=139 and Ncs=69 provide a similar coverage area to LRA=571 and Ncs=285 and LRA=1151 and Ncs=575. 
[bookmark: _Toc61552604]RAN4 to define PRACH demodulation performance requirements using the following Ncs parameters:
      -For requirements with LRA=139 use NCS=69
      -For requirements with LRA=571 use NCS=285
      -For requirements with LRA=1151 use NCS=575

Time estimation tolerance
As part of the PRACH performance requirements the time error tolerance is specified. The time error tolerance is determined based on the format SCS, the sequence length, as well as the channel model. 
The existing requirements for Rel. 15 PRACH are shown in Table 3. The requirements for FR1 and FR2-1 are built based on the requirements for AWGN with an additional term that corresponds to the second last tap of the channel in Table G.2.1.1-4 of 38.141-2 [4]. The first term for the calculation is the PRACH minimum time resolution, which is obtained in accordance to the numerology  and  as:

For Rel. 15 short PRACH sequences and LRA=139 this formulas results in a value slightly smaller than TAC resolution. As the nal requirement, this time is approximated to multiples of the TA command resolution. The timing advance step can be derived from the description in the clause 4.2 of 38.213 as

Some examples are shown in Table 3 for  and . Next, the time for the second last tap of the channel model is summed to the first result. For TDLC300 that time is 1.51 us. Both values combined result in the current Rel. 15 NR PRACH sequences as shown in Table 3. 
[bookmark: _Ref58935065]Table 3 Analysis of PRACH time error tolerance for Rel 15 and Rel 16 requirements
	SCS
	Channel model
	LRA
	Min PRACH resolution (ns)

	TAC resolution (ns)

	11th tap (ns)
	TAC resol + 11th tap
	Time error tolerance (us)

	15
	AWGN
	139
	479.6
	520.8
	0
	520.8
	0.52

	
	TDLC300-100
	139
	479.6
	520.8
	1510
	2030.8
	2.03

	
	TDLA30-10
	1151
	57.9
	520.8
	150
	670.8
	0.67

	30
	AWGN
	139
	239.8
	260.4
	0
	260.4
	0.26

	
	TDLC300-100
	139
	239.8
	260.4
	1510
	1770.4
	1.77

	
	TDLA30-10
	571
	58.4
	260.4
	150
	410.4
	0.41

	60
	AWGN
	139
	119.9
	130.2
	0
	130.2
	0.13

	
	TDLA30-300
	139
	119.9
	130.2
	150
	280.2
	0.28

	120
	AWGN
	139
	60.0
	65.1
	0
	65.1
	0.07

	
	TDLA30-300
	139
	60.0
	65.1
	150
	215.1
	0.22



As part of the latest RAN4 agreements, we agreed on a simplified TDLA10 model as [1]:
	Channel model tap delay resolution 
· Delay resolution: 5ns for below or equal to 200MHz CBW, 2ns for above 200MHz CBW
· Tap numbers: 12 taps for CBW smaller than 200MHz and [16] taps for CBW larger  than 200MHz
(…)

Simplified TDLA model for demodulation requirements above 52.6 GHz
Companies can bring simulation results based on following simplified TDL model.
Table 1.1 Simplified TDLA10 model (16 taps, 2ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-16.1
	Rayleigh

	2
	4
	0
	Rayleigh

	3
	6
	-4
	Rayleigh

	4
	8
	-10.2
	Rayleigh

	5
	16
	-18.6
	Rayleigh

	6
	18
	-9.3
	Rayleigh

	7
	22
	-13.7
	Rayleigh

	8
	24
	-17.9
	Rayleigh

	9
	26
	-13.5
	Rayleigh

	10
	30
	-14
	Rayleigh

	11
	40
	-15.4
	Rayleigh

	12
	44
	-18.9
	Rayleigh

	13
	46
	-21.0
	Rayleigh

	14
	48
	-21.6
	Rayleigh

	15
	50
	-19.3
	Rayleigh

	16
	96
	-25.9
	Rayleigh






As part of the agreements during RAN4#102, the number of taps for TDLA10 was agreed to be 16, which resulted in the second last tap having 50 ns delay

A similar approach can be used for the channel models and SCS used in FR2-2. Some proposed values are shown in 
Table 4 Analysis of PRACH time error tolerance for Rel 17 FR2-2 requirements
	SCS
	Channel model
	LRA
	Min PRACH resolution (ns)

	TAC resolution (ns)

	11th tap (ns)
	TAC resol + 11th tap
	Time error tolerance (ns)

	480
	AWGN
	139
	15.0
	16.3
	0
	16.3
	18

	
	AWGN
	571
	3.6
	16.3
	0
	16.3
	18

	
	TDLA10-650
	139
	15.0
	16.3
	50
	66.3
	68

	
	TDLA10-650
	571
	3.6
	16.3
	50
	66.3
	68

	960
	AWGN
	139
	7.5
	8.1
	0
	8.1
	9

	
	TDLA10-650
	139
	7.5
	8.1
	50
	58.1
	59



Additionally, as part of the NR-U demod requirements, it was discussed whether the time error tolerance should also consider the improved time accuracy of sequences with LRA=571 and LRA=1151. As shown in Table 2, the  is improved with LRA. However there is little benefit to decrease the PRACH time error resolution below the TAC quantization, since this will not translate anyway in a clear benefit for the UE accuracy. Therefore it was decided for NR-U to use the TAC resolution as a baseline for the Time Error tolerance of requirements with LRA=1151 and LRA=571. 
Rel 16 NR-U requirements are defined such that PRACH time error tolerance is larger or equal to TAC resolution. 
[bookmark: _Toc61552606]Not to define time error tolerance that is smaller than the minimum possible step for the timing advance command. 
Rel 15 and Rel 16 requirements are defined such that PRACH time error tolerance with fading channel is the AWGN tolerance combined with the second last tap used for the requirement. 
Reuse calculation of PRACH time error tolerance for fading channel from Rel 15 and Rel 16 as the AWGN tolerance combined with the second last tap used for the requirement. 
Reuse calculation of PRACH time error tolerance for 120 kHz SCS requirements with AWGN and TDLA30. 
RAN4 to define time error tolerance of PRACH timing with 480 kHz SCS and TDLA10 as 18 ns for AWGN and 68 ns for TDLA10.
RAN4 to define time error tolerance of PRACH timing with 960 kHz SCS and TDLA10 as 9 ns for AWGN and 59 ns for TDLA10.
Test cases table for PRACH simulations
Considering the discussion above, we propose the following test cases for RAN4. 
Use the table below for the test cases and parameters related to PRACH demodulation requirements: 
	Format
	SCS
	Prach sequence length
	Ncs
	Propagation condition
	Frequency Offset (Hz)
	Time estimation tolerance

	A2
	120kHz
	139
	69
	AWGN
	0
	70 ns

	B4
	120kHz
	139
	69
	AWGN
	0
	70 ns

	C2
	120kHz
	139
	69
	AWGN
	0
	70 ns

	A2
	120kHz
	139
	69
	TDLA30-650
	7100
	220 ns

	B4
	120kHz
	139
	69
	TDLA30-650
	7100
	220 ns

	C2
	120kHz
	139
	69
	TDLA30-650
	7100
	220 ns

	A2
	120kHz
	571
	285
	AWGN
	0
	70 ns

	B4
	120kHz
	571
	285
	AWGN
	0
	70 ns

	C2
	120kHz
	571
	285
	AWGN
	0
	70 ns

	A2
	120kHz
	571
	285
	TDLA30-650
	7100
	220 ns

	B4
	120kHz
	571
	285
	TDLA30-650
	7100
	220 ns

	C2
	120kHz
	571
	285
	TDLA30-650
	7100
	220 ns

	A2
	120kHz
	1151
	575
	AWGN
	0
	70 ns

	B4
	120kHz
	1151
	575
	AWGN
	0
	70 ns

	C2
	120kHz
	1151
	575
	AWGN
	0
	70 ns

	A2
	120kHz
	1151
	575
	TDLA30-650
	7100
	220 ns

	B4
	120kHz
	1151
	575
	TDLA30-650
	7100
	220 ns

	C2
	120kHz
	1151
	575
	TDLA30-650
	7100
	220 ns

	A2
	480kHz
	139
	69
	AWGN
	0
	18 ns

	B4
	480kHz
	139
	69
	AWGN
	0
	18 ns

	C2
	480kHz
	139
	69
	AWGN
	0
	18 ns

	A2
	480kHz
	139
	69
	TDLA10-650
	7100
	68 ns

	B4
	480kHz
	139
	69
	TDLA10-650
	7100
	68 ns

	C2
	480kHz
	139
	69
	TDLA10-650
	7100
	68 ns

	A2
	480kHz
	571
	285
	AWGN
	0
	18 ns

	B4
	480kHz
	571
	285
	AWGN
	0
	18 ns

	C2
	480kHz
	571
	285
	AWGN
	0
	18 ns

	A2
	480kHz
	571
	285
	TDLA10-650
	7100
	68 ns

	B4
	480kHz
	571
	285
	TDLA10-650
	7100
	68 ns

	C2
	480kHz
	571
	285
	TDLA10-650
	7100
	68 ns

	A2
	960kHz
	139
	69
	AWGN
	0
	9 ns

	B4
	960kHz
	139
	69
	AWGN
	0
	9 ns

	C2
	960kHz
	139
	69
	AWGN
	0
	9 ns

	A2
	960kHz
	139
	69
	TDLA10-650
	7100
	59 ns

	B4
	960kHz
	139
	69
	TDLA10-650
	7100
	59 ns

	C2
	960kHz
	139
	69
	TDLA10-650
	7100
	59 ns



 

[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s views on PRACH demodulation requirements for the extension to 71 GHz. From this discussion we have derived the following observations and proposals: 
1. Channel model agreement for 120 kHz SCS is contradicting agreement for PRACH demodulation requirements. 
1. RAN4 to define PRACH demodulation requirements using AWGN and TDL-A 30-650 channel model for 120 kHz SCS and using AWGN and TDL-A 10-650 channel model for other SCSs. 
1. Define PRACH demodulation requirements using 960 kHz SCS. 
The  parameters used for FR2 requirements (Ncs=69) are the ones that provide the maximum coverage area for LRA=139. 
The LRA=139 and Ncs=69 provide a similar coverage area to LRA=571 and Ncs=285 and LRA=1151 and Ncs=575. 
RAN4 to define PRACH demodulation performance requirements using the following Ncs parameters:
      -For requirements with LRA=139 use NCS=69
      -For requirements with LRA=571 use NCS=285
      -For requirements with LRA=1151 use NCS=575

Rel 16 NR-U requirements are defined such that PRACH time error tolerance is larger or equal to TAC resolution. 
Not to define time error tolerance that is smaller than the minimum possible step for the timing advance command. 
Rel 15 and Rel 16 requirements are defined such that PRACH time error tolerance with fading channel is the AWGN tolerance combined with the second last tap used for the requirement. 
Reuse calculation of PRACH time error tolerance for fading channel from Rel 15 and Rel 16 as the AWGN tolerance combined with the second last tap used for the requirement. 
Reuse calculation of PRACH time error tolerance for 120 kHz SCS requirements with AWGN and TDLA30. 
RAN4 to define time error tolerance of PRACH timing with 480 kHz SCS and TDLA10 as 18 ns for AWGN and 68 ns for TDLA10.
RAN4 to define time error tolerance of PRACH timing with 960 kHz SCS and TDLA10 as 9 ns for AWGN and 59 ns for TDLA10.
Use the table below for the test cases and parameters related to PRACH demodulation requirements: 
	Format
	SCS
	Prach sequence length
	Ncs
	Propagation condition
	Frequency Offset (Hz)
	Time estimation tolerance

	A2
	120kHz
	139
	69
	AWGN
	0
	70 ns

	B4
	120kHz
	139
	69
	AWGN
	0
	70 ns

	C2
	120kHz
	139
	69
	AWGN
	0
	70 ns

	A2
	120kHz
	139
	69
	TDLA10-650
	7100
	120 ns

	B4
	120kHz
	139
	69
	TDLA10-650
	7100
	120 ns

	C2
	120kHz
	139
	69
	TDLA10-650
	7100
	120 ns

	A2
	120kHz
	571
	285
	AWGN
	0
	70 ns

	B4
	120kHz
	571
	285
	AWGN
	0
	70 ns

	C2
	120kHz
	571
	285
	AWGN
	0
	70 ns

	A2
	120kHz
	571
	285
	TDLA10-650
	7100
	120 ns

	B4
	120kHz
	571
	285
	TDLA10-650
	7100
	120 ns

	C2
	120kHz
	571
	285
	TDLA10-650
	7100
	120 ns

	A2
	120kHz
	1151
	575
	AWGN
	0
	70 ns

	B4
	120kHz
	1151
	575
	AWGN
	0
	70 ns

	C2
	120kHz
	1151
	575
	AWGN
	0
	70 ns

	A2
	120kHz
	1151
	575
	TDLA10-650
	7100
	120 ns

	B4
	120kHz
	1151
	575
	TDLA10-650
	7100
	120 ns

	C2
	120kHz
	1151
	575
	TDLA10-650
	7100
	120 ns

	A2
	480kHz
	139
	69
	AWGN
	0
	18 ns

	B4
	480kHz
	139
	69
	AWGN
	0
	18 ns

	C2
	480kHz
	139
	69
	AWGN
	0
	18 ns

	A2
	480kHz
	139
	69
	TDLA10-650
	7100
	68 ns

	B4
	480kHz
	139
	69
	TDLA10-650
	7100
	68 ns

	C2
	480kHz
	139
	69
	TDLA10-650
	7100
	68 ns

	A2
	480kHz
	571
	285
	AWGN
	0
	18 ns

	B4
	480kHz
	571
	285
	AWGN
	0
	18 ns

	C2
	480kHz
	571
	285
	AWGN
	0
	18 ns

	A2
	480kHz
	571
	285
	TDLA10-650
	7100
	68 ns

	B4
	480kHz
	571
	285
	TDLA10-650
	7100
	68 ns

	C2
	480kHz
	571
	285
	TDLA10-650
	7100
	68 ns

	A2
	960kHz
	139
	69
	AWGN
	0
	9 ns

	B4
	960kHz
	139
	69
	AWGN
	0
	9 ns

	C2
	960kHz
	139
	69
	AWGN
	0
	9 ns

	A2
	960kHz
	139
	69
	TDLA10-650
	7100
	59 ns

	B4
	960kHz
	139
	69
	TDLA10-650
	7100
	59 ns

	C2
	960kHz
	139
	69
	TDLA10-650
	7100
	59 ns
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