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Background

In RAN1#88 we concluded to have an email discussion regarding PRACH design. The email discussion is divided in two parts:
· Until 24th Feb, we will 
· agree on a baseline PRACH sequence design which we will use for calibration purposes
· agree on a template for describing PRACH sequence designs
· agree on assumptions for baseline simulations
· Until 3rd March:
· each company provides PRACH sequence designs using the template
· agree on remaining simulation assumptions, e.g. SNR definition
· agree on how to capture simulation results in contributions
Companies will submit simulation results to RAN1#88bis, comparing PRACH sequence designs provided in the email discussion above.

In this document we have included the following sections:

Section 2: Baseline PRACH sequence design for calibration purpose
Section 3: Assumptions for baseline simulations
Section 4: Template for PRACH design
Section 5: Definition of SNR (or other possible better value), for our simulations
Section 6: Description of the different sequences types
Section 7: Simulation assumptions
Section 8: Proposal on how the companies present their simulation results


Conclusion to have an email discussion
Conclusion:
· Email discussions about PRACH sequence design until the next meeting – Jan (ZTE)
· Email discussion on baseline assumption for calibration purpose until 24th Feb.
· Starting points for the email discussion is below
· Fixed false alarm rate: 0.1%
· Template for evaluation results
· Focusing on single cell scenario
· All proponents need to disclose their proposed sequence design until 3rd March
· Following information should be disclosed 
· PRACH sequence type
· Sequence length for each parameter set
· Default numerology
· PRACH transmission BW
· CP/GP length
· All proponents are requested to evaluate it at least for 1 RACH OFDM symbol case until the next meeting
· Note that all proponents need to disclose detailed evaluation results such as 
· PAPR/CM performance
· Miss-detection probability performance
· False alarm rate performance
· Timing estimation accuracy
· MCL
· etc.
· Note that all proponents need to disclose detailed evaluation assumptions such as 
· Receiver SNR
· Timing/frequency offset
· Number of RACH preambles generated from PRACH sequence
· etc.
Baseline PRACH sequence design for calibration purpose

· Table 2.1 Use LTE Preamble Format 0 for 4GHz carrier frequency 
	 
	Sequence Type
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts (ms)
	CP(Ts)

	Baseline for calibration purpose
	Zadoff-Chu
	839
	1,25
	1,08
	1
	1
	1/30720
	3168







· Table 2.2 Use LTE Preamble Format 4 for 4GHz carrier frequency
	 
	Sequence Type
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts (ms)
	CP(Ts)

	Baseline for calibration purpose
	Zadoff-Chu
	139
	7,5
	1,08
	1
	1
	1/30720
	448



· Table 2.3 Use LTE Preamble Format 4 for 30GHz carrier frequency
	 
	Sequence Type
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts (ms)
	CP(Ts)

	Baseline for calibration purpose
	Zadoff-Chu
	139
	7,5
	1.08
	1
	1
	1/30720
	448



Assumptions for baseline simulations
The following assumptions shall be used for baseline simulations:
· Channel model: AWGN and CDL-C
· Fixed false alarm rate at 0.1%
· Single cell scenario
· UE speed: 3km/h and 120km/h for 4GHz carrier frequency
· UE speed: 3km/h for 30GHz carrier frequency 
· Frequency offset:0.05 ppm at TRP , 0.1 ppm at UE 
· Initial timing offset: 
· [0 100]us for Preamble Format 0 
·  [0 10]us for Preamble Format 4
· Timing estimation error: Same as in LTE for both 4GHz and 30GHz carrier frequence
· Antenna configuration at TRP: (1,1,2) for Preamble formats used at 4GHz carrier frequency and (4,8,2) for formats used at 30GHz carrier frequency 
· Antenna configuration at UE: (1,1,2) for Preamble formats used at 4GHz carrier frequency and for Preamble formats used at 30GHz carrier frequency 
Template for PRACH design
The following parameters are included:
· Sequence type
· Sequence length
· Subcarrier spacing
· Transmission BW
· Number of RACH OFDM symbol in one sequence (NOS)
· Number of repetitions of preambles (NRP)
· Ts
· CP in Ts units
· GT in Ts units
· < ...>
Note, as already agreed:
· A sequence consists of NOS symbols with a basic sequence length. 
· A preamble consists of the sequence with CP.
· A preamble format consists of NRP preambles

The template will be in a separate excel document. One sheet for below 6GHz and one sheet for above 6GHz.
SNR (or other suitable definition)

Our goal is to be able to compare the different PRACH designs from all companies in a fair way. One of the most important aspects is to define the SNR. 

For the baseline design we will have a given time duration and bandwidth, then a unit transmission power can be used and vary the added noise to get the SNR. 


Sequence type
The description of the sequence types are provide below.

ZC-Sequences without m-sequence cover extension
The random access preambles are generated from Zadoff-Chu sequences with zero correlation zone , generated from one or several root Zadoff-Chu sequences


The  root Zadoff-Chu sequence is defined by:



where the length  of the Zadoff-Chu sequence can be 139 or 839 depending on RACH Preamble format.  shall be relative prime to  and .
Different preamble sequences from one root sequence are generated by applying cyclic shifts

Where the cyclic shift is given by multiples of the distance  between two preambles


For preamble format 0 and 100s (14.4 km cell radius) initial timing delay the number of sequences per root sequence is in the range [1,8]. The cyclic shift distance  is thus at least 104 for a 839 long Zadoff-Chu sequence . For preamble format 4, assume 10s initial timing delay (1.44 km cell radius),  should be used.

ZC-Sequences with m-sequence cover extension 

ZC-sequences with m-sequence cover extension can be generated by an element-wise multiplication of a ZC-sequenc with a m-sequence:





The length of the sequence is determined by the length of the m-sequence. For an m-sequence of order m the sequence length is given by .
An m-sequence  is obtained via a generator polynomial of order m. For example, a 6th order polynomial is given by:



The sequence is then transformed into a BPSK () modulated sequence . Cyclic shifted versions of the sequence are obtained by the following operation:



 is the m-sequence specific cyclic shift that may be an integer multiple of . 



The resulting sequence  is the m-sequence part of the final sequence.

The ZC sequence is generated in the same way as described in 6.1: The root sequence is again given by



 shall be relative prime to  and . This means: If  is prime then . Cyclic shifted versions of the ZC-sequence are obtained via:



Here,  is a ZC-sequence specific cyclic shift given by multiples of the distance  between two preambles:


The resulting sequence  is the ZC-sequence part of the final sequence.


Cyclic Delay-Doppler shifted m-sequences
The m-sequences are generated via linear-feedback shift registers. For a 10th order pseudo noise generator polynomial one can use the following expression:

A 6th order sequence can be generated by the following generator polynomial:

The output of the generator is a binary sequence  of length  equal 1023 (10th order) or 63 (6th order) that is transformed into a BPSK () modulated base sequence . Different base sequences can be generated by initializing the pn-generator with different values e.g. from cell Ids. Alternatively, one can introduce a cell-specific base offset. From the base sequence, different preamble sequences can be derived by applying circular delay-Doppler shifts as follows

Where  is the cyclic shift defined as an integer multiple of . Here, the  value adjusts the separability in time domain and should be therefore larger than the maximum expected delay spread. The phase signature parameter  should be selected larger than the maximum expected Doppler spread in the system. The cell Id can be used as root index parameter  to guarantee that neighbor cells show different frequency shifts.

Simulation assumptions and miss-detection probability and false alarm rate definition

The simulation assumptions are shown in the table below:

Table 7-1 – Simulation assumptions.
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C, AWGN

	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 planeOne 2D-DFT beam generated by the Kronecker product of 2 DFT 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, 120 km/h
	3 km/h

	Initial timing Offset
	Preamble format 0: Uniformly distributed [0,100s] i.e. assuming a maximum cell radius of 14.4 km.
Preamble format 4: Uniformly distributed [0,10s] i.e. assuming a maximum cell radius of 1.4 km.
For other formats both values should be simulated, [0 100]us and [0 10]us
	Two different values to be used:
Uniformly distributed in [0 5]us and [0 2.5]us

	Preamble Detector
	Each company should provide details on used algorithm

	FFT size
	2048

	Sampling Frequency
	30.72 MHz

	T_SEQ
	24576

	T_CP
	3158



· 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

Preamble detection metrics  
The following three error cases which the threshold is set such that the false alarm probability does not exceed 0.1%, when the input is noise only, can result in a false alarm or a missed detection:

· Detecting different preamble than the one that was sent
· Not detecting a preamble at all
· Correct preamble detection but with the wrong timing estimation
False Alarm Probability is given by the ratio of total number detected but not transmitted preambles and the total number of possible detection occurrences.

The missed detection probability is the ratio between the total number of transmitted but not detected preambles with the correct timing estimate, and the total number of transmitted preambles within an observation interval. The observation interval should be sufficiently large.

The timing estimation error is given by:

[bookmark: _GoBack]The estimated timing is the outcome of the timing estimator. The initial timing offset is a uniform random values are given in table A1.
For 4 GHz, assume that the data SCS is 30 KHz and CP is 2.3us, then timing estimation error should be less than 1.2 us 
For 30 GHz, assume that the data SCS is 120 KHz and CP is 0.6us, then timing estimation error should be less than 0.3 us
 
Simulation results in the contributions to RAN1#88bis

In RAN1#88 it was agreed that the following results shall at least be included when providing the simulation results.

· PAPR/CM performance
· Miss-detection probability performance
· False alarm rate performance
· Timing estimation accuracy
· MCL

Some examples and more details are shown in the following subsections.

PAPR/CM

PAPR/CM values in dB shall be provided, see example table below.

	
	PAPR [dB]
	CM [dB]

	<Company design 1>
	
	

	
	
	




Miss-detection probability performance

Simulation results for Miss-detection probability are provided for each PRACH design / frequency category / UE speed.

For miss-detection performance it is suggested to have an SNR range to cover miss-detection from at least 10^-3 to around 1. 

See illustration below for miss-detection probability.

[image: ]
Figure 1: Illustration of Miss-detection probability
False alarm rate performance
The real false alarm rate during the simulations can be reported as illustrated in the figure below.

[image: ]
Figure 2: Illustration of false alarm rate

Timing estimation accuracy
For timing estimation, it is suggested to have the timing estimation error CDF. The SNR at which the timing errors are measured needs be defined or must be provided in the contribution An example is illustrated below.
[image: ]
Figure 3: Illustration of timing estimation error
MCL
As different PRACH sequence design will use different sub-carrier spacing it is important to provide the MCL value for each design. An example is provided in the table below.

	Subcarrier spacing (kHz)
	2.5
	5
	15

	Transmitter
	

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

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

	Receiver
	

	(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)
	2.16
	4.32
	12.96

	(6) Effective noise power
 = (2) + (3) + (4) + 10 log((5))  (dBm)
	-105.7
	-102.7
	-97.92

	(7) Required SINR (dB)
	-8.5
	-6
	-4.5

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-114.2
	-108.8
	-102.42

	(9) MCL 
         = (1) - (8) (dB)
	137.2
	131.8
	125.42
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