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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1#89 the following [1] was agreed regarding the preamble formats.  
	Agreements:
· NR supports PRACH preamble formats 0 and 1 for the sequence length of 839.
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R1-1709708	WF on NR-RACH preamble format for coverage enhancement ZTE, CMCC
	Format 
	L 
	SCS(kHz) 
	BW (MHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Use case 

	4 
(3.5ms) 
	839 
	1.25 
	1.08 
	4 
	1 
	4*24576 
	4688 
	4528 
	Coverage enhancement 


Working assumption:
· NR supports PRACH preamble format indicated in the table below for the sequence length of 839
· FFS on restricted set
· FFS other sequence(s) for large cell radius
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Agreements:
· For L = 839, NR at least supports subcarrier spacing of:
· 1.25 kHz
· FFS: which one of 2.5 kHz or 5 kHz will be supported
Agreements:
· For the shorter sequence length than L=839, NR supports sequence length of L = 127 or 139 with subcarrier spacing of {15, 30, 60, 120}kHz
· Note: this is based on the assumption that 240 kHz subcarrier spacing is not available for data/control
FFS: 7.5 kHz subcarrier spacing


[bookmark: OLE_LINK71][bookmark: OLE_LINK72]In this contribution, we propose some preamble formats for the short sequence length, L = 139.  
2. Discussion on preamble formats
A preamble format is defined by some basic parameters (sequence type, sequence length, SCS, option1/2/4 with and without OCC, number of OFDM symbols, number of multiple/repeated preambles, values on CP/GT). 
When designing preamble formats we can consider two extreme cases:
1) Only use a single preamble format for all use cases and carrier frequencies
2) Use different preamble formats, and for each preamble format the basic parameters are different
None of the above cases are reasonable, 1) because of the very large difference in the characteristics for the use cases and 2) This will lead to a large and probably unnecessary large set of preamble formats. The test and verification effort will also be too big.
This means that we will have something in between 1) and 2) which implies more than one preamble format to be adopted for NR.  
When designing the preamble formats for NR we could first define some important use cases, where each use case will have different values of the basic parameters. In RAN1#89 we agreed on some preamble formats based on the long sequence length (L = 839).
1. LTE refarming (re-use LTE format 0)
1. Coverage, up to 100km (re-use LTE format 3)
1. Coverage enhancement (new format for NR, 3.5ms long using 4 repeated OFDM symbols)
1. Working assumption on: High speed scenario for cell radius up to 5km, using SCS = 5kHz and 4 repeated OFDM symbols)
What remains is to define preamble formats, at least, for the following use cases:
1. High speed scenario and cell radius up to 40km. 
1. Beam-sweeping, in both below and above 6GHz
5. For below 6GHz, there can be scenarios with a few number of beams e.g up to 4
5. For above 6GHz, there can be scenarios with a large number of beams. In order to support a large number of beams.
1. Support of small cells, in both below and above 6GHz
In our companion contribution [2] we analyzed the necessity of enhanced RACH capacity compared to LTE, we found that there is no need to do that considering the eMBB use cases, therefore we proposed to use the sequence length = 139 for the short preamble sequences. 




Below follows some proposed preamble formats based on the short sequence length, L = 139, [4].
S15-1: 
· Maximum cell radius: For UMA LOS around 3.0km, for UMa NLOS channel model around 450m, 860m derived from the GP length
· Delay spread: up to 5.2us
· MCL: 127dB
· Maximum UE speed: 30km/h
· Carrier frequency: below 6GHz
· Scenario: Small cell scenario with cell radius up to 0.5 km and UMa NLOS channel model.
S15-8: 
· Maximum cell radius: For UMA LOS around 3km, for UMa NLOS channel model around 450m, 860m derived from the GP length
· Delay spread: up to 5.2us
· MCL: 127dB
· Maximum UE speed: 30km/h
· Carrier frequency: below 6GHz
· Scenario: Beam sweeping, small cell scenario with cell radius up to 0.45 km and UMa NLOS channel model.
S15-25: 
· Maximum cell radius: For LOS around 40 km derived from the GP length. 
· Delay spread: >5us
· MCL: 139dB
· Maximum UE speed: 500km/h
· Carrier frequency: below 6GHz
· Scenario: High speed scenario with cell radius up to 40 km good coverage.



	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S15-1
	15 
	1 
	1 
	2048
	336
	176

	S15-8 
	15 
	8 
	1 
	8*2048
	336
	176

	S15-25
	15
	25
	1
	25*2048
	2048
	4*2048


Ts = 1/(30720) ms;
S60-1: 
· Maximum cell radius: For UMA LOS around 3.5km, for UMa NLOS channel model around 200m, 550m derived from the GP length
· Delay spread: up to 1us
· MCL: 133dB
· Maximum UE speed: 3km/h
· Carrier frequency: above 6GHz, eg.30GHz
· Scenario: Small cell scenario with cell radius up to 0.2km and UMa NLOS channel model.
S60-8:
· Maximum cell radius: For UMA LOS around 3.5km, for UMa NLOS channel model around 200m, 550m derived from the GP length
· Delay spread: up to 1us
· MCL: 133dB
· Maximum UE speed: 3km/h
· Carrier frequency: above 6GHz, eg.30GHz
· Scenario: Small cell scenario with cell radius up to 0.2km and UMa NLOS channel model.
S60-14:
· Maximum cell radius: For UMA LOS around 3.5km, for UMa NLOS channel model around 200m, 550m derived from the GP length
· Delay spread: up to 1us
· MCL: 133dB
· Maximum UE speed: 3km/h
· Carrier frequency: above 6GHz, eg.30GHz
· Scenario: Small cell scenario with cell radius up to 0.2km and UMa NLOS channel model.
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S60-1 
	60
	1 
	1 
	512
	144
	112

	S60-8 
	60
	8 
	1 
	8*512
	144
	112

	S60-14 
	60
	14 
	1 
	14*512
	144
	112


Ts = 1/(30720) ms;
2.1 Simulation results
We have simulated the following cases:
· SCS = 1.25/2.5/5kHz in order to confirm the working assumption for high speed case and 5km cell radius
· SCS = 15kHz using 1,2,4,8,20,25 OFDM symbols. Below 6GHz. 
· The case with 1 OFDM symbol is for small cell scenario
· The case with 8 OFDM symbols are for beam sweeping or enhanced coverage
· The cases with 2,4,20 OFDM symbols are for reference only
· The case with 25 OFDM symbols is for the high speed case with cell radius up to 40km.
· SCS = 60kHz using 1,2,4,8,14 OFDM symbols. Above 60GHz. 
· The case with 1 OFDM symbol is for small cell scenario
· The case with 8 and 14 OFDM symbols are for beam sweeping or enhanced coverage
· The cases with 2,4 OFDM symbols are for reference only
The simulation assumptions are listed in the Annex.
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[bookmark: _Ref485123316]Figure 1: Preamble formats for 15 kHz and 1, 2, 4, 8, 20 OFDM symbols
In Figure 1 we can see the simulation results for SCS = 15 kHz for different number of OFDM symbols. Using 1 OFDM symbol can also represent a beam sweeping case. While using more symbols represents cases for improved coverage. 
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[bookmark: _Ref485123321]Figure 2: Simulation results for preamble formats based on SCS = 60 kHz and 1, 2, 4, 8, 14 OFDM symbols. 
Using 1 OFDM symbol represent a beam sweeping case, and using more symbols represent cases for enhanced coverage. 
We have evaluated [3] the miss detection rate for the high speed case, 500km/h using Zadoff-Chu sequence of length = 839 for SCS = 1.25 kHz/2.5 kHz /5 kHz. The simulation result is shown in Figure 3.
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[bookmark: _Ref481585728]Figure 3: High speed case, using L = 839 and SCS = {1.25, 2.5, 5} kHz
We can observe in Figure 3 that using SCS=2.5 kHz and 5kHz are more robust than SCS = 1.25 kHz. However from a MCL (large cell coverage) perspective there are some benefits to use SCS = 2.5 kHz compared to SCS = 5 kHz. We can confirm the working assumption on using L = 839 and SCS = 5 kHz for high speed case scenario with cell radius up to 5 km. 

Proposal 2: Confirm the working assumption from RAN1#89 regarding high speed case using L = 839 and SCS = 5 kHz. 
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High speed case and cell radius up to 40 km:
We have also simulated the case using SCS = 15 kHz and 25 OFDM symbols with 1 OFDM symbol as CP and 4 ODFM symbols as GT. This preamble format can be used for high speed case and cell radius up to 40km. This is achieved by using a gNB receiver that evaluates the correlation results based on different symbols it is possible to distinguish the timing estimation even if the round trip delay is more than 1 OFDM symbol. The central part of the preamble format is used to detect a UE; this will give the time estimation value within one OFDM symbol. Then by comparing the correlation results from the other transmitted OFDM symbols it will be possible to get the integer number of OFDM symbols that the timing estimate consists of. Below figure is an example for distinguishing the TA.

Figure 4: An example for distinguishing the TA
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Figure 5: Simulation results for preamble formats based on SCS = 15 kHz and 25 OFDM symbols
From Figure 5 we can see that using SCS = 15 kHz we can reach a miss detection rate of 1% at an SNR of -9.8 dB.

Table 1 MCL of 4 GHz cases at 3 km/h and 500 km/h
	Subcarrier spacing (kHz)
	S15-1
	S15-8
	S15-25
	S5-4

	(0) Max Tx power  (dBm)
	23.0 
	23.0 
	23.0 
	23.0 

	(1) Actual Tx power (dBm)
	23.0 
	23.0 
	23.0 
	23.0 

	(2) Thermal noise density (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 
	-174.0 

	(3) Receiver noise figure (dB)
	5.0 
	5.0 
	5.0 
	5.0 

	(4) Interference margin (dB)
	0.0 
	0.0 
	0.0 
	0.0 

	(5) Occupied channel bandwidth (MHz)
	2.16
	2.16
	2.16
	4.32

	(6) Effective noise power
 = (2) + (3) + (4) + 10 log((5))  (dBm)
	-105.7
	-105.7
	-105.7
	-102.7

	(7) Required SINR (dB)
	1.5
	-6.5
	-9.8
	-9.5

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-104.2
	-112.2
	-115.5
	-112.2

	(9) MCL 
         = (1) - (8) (dB)
	127.2
	135.2
	138.5
	135.2


Table 2 MCL of 30GHz cases with L=139 , SCS=60KHz at 3km/h
	Subcarrier spacing (kHz)
	S60-1
	S60-8
	S60-14

	(0) Max Tx power  (dBm)
	23.0 
	23.0 
	23.0 

	(1) Actual Tx power (dBm)
	23.0 
	23.0 
	23.0 

	(2) Thermal noise density (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 

	(3) Receiver noise figure (dB)
	5.0 
	5.0 
	5.0 

	(4) Interference margin (dB)
	0.0 
	0.0 
	0.0 

	(5) Occupied channel bandwidth (MHz)
	8.64
	8.64
	8.64

	(6) Effective noise power
 = (2) + (3) + (4) + 10 log((5))  (dBm)
	-99.7
	-99.7
	-99.7

	(7) Required SINR (dB)
	-10.4
	-16.7
	-17.5

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-110.1
	-116.4
	-117.2

	(9) MCL 
         = (1) - (8) (dB)
	133.1
	139.4
	140.2




3. Renaming of preamble formats for L = 839
In RAN1#89 we agreed on three preamble formats using the long sequence length L = 839:
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	Format 
	L 
	SCS(kHz) 
	BW (MHz)
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Use case 

	4 
(3.5ms) 
	839 
	1.25 
	1.08 
	4 
	1 
	4*24576 
	4688 
	4528 
	Coverage enhancement 



We propose to rename format 4 to format 2. We also propose to change the T_GP for format 1; it shall be 21984 instead of 21904. 
Proposal 3: Renaming of agreed preamble formats for the long sequence length

	Format
	L
	SCS(kHz)
	BW(MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Use case

	0
	839
	1.25
	1.08
	1
	1
	24576
	3168
	2976
	LTE refarming

	1
	839
	1.25
	1.08
	1
	1
	2*24576
	21024
	21984
	Large cell, upto 100km

	2
	839
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement








4. Conclusions
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 1: The following preamble formats for the short sequence length, L = 139, are proposed
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S15-1
	15 
	1 
	1 
	2048
	336
	176

	S15-8 
	15 
	8 
	1 
	8*2048
	336
	176

	S15-25
	15
	25
	1
	25*2048
	2048
	4*2048



	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S60-1 
	60
	1 
	1 
	512
	144
	112

	S60-8 
	60
	8 
	1 
	8*512
	144
	112

	S60-14 
	60
	14 
	1 
	14*512
	144
	112


Ts = 1/(30720) ms;
Proposal 2: Confirm the working assumption from RAN1#89 regarding high speed case using L = 839 and SCS = 5 kHz. 
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Proposal 3: Renaming of agreed preamble formats for the long sequence length
	Format
	L
	SCS(kHz)
	BW(MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Use case

	0
	839
	1.25
	1.08
	1
	1
	24576
	3168
	2976
	LTE refarming

	1
	839
	1.25
	1.08
	1
	1
	2*24576
	21024
	21984
	Large cell, upto 100km

	2
	839
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement
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Annex
The simulation assumptions are shown in the table below:
Table – Simulation assumptions.
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C

	Delay Scaling
	100 ns
	30 ns

	Circular Angle Spread at BS after angle scaling (including subrays)
	ASD: values from sec. 7.7.5.1 in 38.900
ZSD: 1°
	ASD: values from sec. 7.7.5.1 in 38.900
ZSD: 1°

	Circular Angle Spread at UE after angle scaling (including subrays)
	ASA: values from sec 7.7.5.1 in 38.900
ZSA: 5°
	ASA: values from sec. 7.7.5.1 in 38.900
ZSA: 5°

	Circular Mean Angle at BS after angle scaling (including subrays)
	Uniformly distributed
AoD: [-30°,30°]


	Circular Mean Angle at UE after angle scaling (including subrays)
	Uniformly distributed
AoA: [-30°,30°]


	Antenna Configuration at BS
	(M,N,P) = (1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW = 65° in elevation and azimuth, directivity gain 8dB), (dV,dH)=(0.5,0.5) λ

	Mechanical downtilt at BS
	0°

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(1,1,2) with omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection
	One 2D beam generated by the Kronecker product of 2 weights, consisting of 4 beams in vertical plane and 8 beams in horizontal plane

	Frequency Offset
	0.05 ppm at TRP , 0.1 ppm at UE

	UE speed
	3 km/h, 500 km/h
	3 km/h

	Initial timing Offset
	Preamble format S15-1and S15-8: Uniformly distributed [0,5s] i.e. assuming a maximum cell radius of 0.8 km.
Preamble format S15-25: Uniformly distributed [0,267s] i.e. assuming a maximum cell radius of 40 km.
	Two different values to be used:
Uniformly distributed in [0 2.5]us

	FFT size
	2048
	512

	Sampling Frequency
	30.72 MHz

	SNR definition
	Per RE

	Preamble Detector
	Hybrid (coherent and non-coherent) combination of symbols



· Fixed false alarm rate: 0.1% when input at receiver is noise only (Definition of false alarm rate as in 36.104, section 8.4.1)
· Single cell scenario
· Single mobile scenario



	
image3.wmf

image4.emf

image5.emf
-25 -20 -15 -10 -5

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

SNR[dB]

4GHz & 500km/h

 

 

RASCS 1.25KHz 839

RASCS 2.5KHz 839

RASCS 5KHz 839


image6.emf
... Delay=0

...

...

...

1sym<delay<2sym

2sym<delay<3sym

3sym<delay<4sym

3ms

Compare 1

st

and 27

th

symbol

Compare 1

st

and 27

th

symbol

Compare 2

nd

and 28

th

symbol

Compare 3

rd

and 29

th

symbol


oleObject1.bin
...


Delay=0


...


...


...


1sym<delay<2sym


2sym<delay<3sym


3sym<delay<4sym


3ms


Compare 1st and 27th symbol


Compare 1st and 27th symbol


Compare 2nd and 28th symbol


Compare 3rd and 29th symbol



image7.wmf

image1.png
il O s 0
(Ts) (Ts)

24576 3168 2975 LTE
refarming
1 839 1.25 1.08 2 1 2*24576 21024 21904 Large cell,

upto 100km




image2.png
il O <l
(Ts) (Ts)

4*6144 3168 2976 High speed
(1ms) case




