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Introduction
This document is the update of [1], and discusses the following NR-U PRACH aspects:
PRACH format
PRACH interlace mapping
PRACH format
In NR Rel-15, PRACH sequence length L=139 and 839 are supported. In NR-U TR [2], L=839 is identified not to be beneficial for NR-U. We would propose to support L=139 only as we don’t see the benefit to support the other length.

[bookmark: RACH_L]Proposal 1:	PRACH sequence length L=139 only is supported for NR-U.
[bookmark: RACH_SCS]

PRACH interlace mapping
In 3GPP TR38.889, following four potential design alternatives have been identified for frequency mapping of PRACH [2]. In this section, we show the simulation results using different interlace mapping and compare the each interlace mapping, in viewpoint of mis-detection probability, timing estimation accuracy, false alarm probability, maximum allowed transmit power with considering CM and PSD limit of 10dBm/MHz, RACH capacity, multiplexing with other signal channel, and OCB requirement. 
· Alt-1: Uniform PRB-level interlace mapping 
· Alt-2: Non-uniform PRB-level interlace mapping [1]
· It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in frequency domain
· Alt-3: Uniform RE-level interlace mapping
· Alt-4: No interlacing mapping (contiguous only)

Figure 1 shows interlace mapping of each alternatives for evaluation in 30kHz SCS. In the evaluation, TDL channel model with delay scaling factor 100ns and 139 length Rel-15 ZC sequence are used. Detailed simulation parameters are shown in Table 1. 
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[bookmark: _Ref4398189]Figure 1 Interlace mapping for evaluation in 30kHz SCS


[bookmark: _Ref3297937]Table 1 Simulation assumptions
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	100 ns

	Antenna configuration at BS
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	UE speed
	3 km/h

	Initial timing offset
	Uniformly distributed in [0, 1.2 µs (corresponding to 300 m ISD)]

	PRACH format
	A1

	Subcarrier spacing
	30 kHz

	Total number of preambles per cell
	64
64 root sequences are used to generate 64 preambles. Root sequence indices are selected randomly. No cyclic shift sequence is used.

	Preamble detector
	Detect the sample of maximum energy higher than predefined threshold within detection window. 

	Interference assumption
	No interference. 




Mis-detection probability
Figure 2 shows the evaluation result of mis-detection probability. There is no large SNR difference at 1% mis-detection probability among each mapping method. 
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[bookmark: _Ref3366026]Figure 2 Mis-detection probability vs. average SNR

Timing estimation accuracy
Figure 3 shows the evaluation result of timing estimation error. Alt-1 shows time estimation errors up to about 0.8 us because many false peaks occur in the correlation properties [1]. There is no large timing estimation error other than Alt-1 interlace mapping. But the timing estimation accuracy of Alt-1 may be not so problematic because the timing estimation error is within CP / 2 length.
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[bookmark: _Ref3447739]Figure 3 Timing estimation error

False alarm probability
Figure 4 shows the evaluation result of false alarm probability. The threshold fulfilled 0.1% false alarm refers to the case when input at receiver is noise only. Alt2 shows a slight degradation in the high SNR region.
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[bookmark: _Ref3366027]Figure 4 False Alarm probability vs. average SNR


Maximum allowed transmit power
Figure 5 shows the evaluation result of CM, and Table 2 shows the maximum allowed transmission power with considering CM and PSD limit of 10dBm/MHz. The backoff is computed as 95% percentile of CCDF of cubic metric. From the result, Alt-3 has merit regarding transmission power. However, it would be not so large merit as the targeted cell size is relatively small in NR-U compared with licensed band operation. Alt-4 has the demerit of the transmission power compared with the other alternatives.
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[bookmark: _Ref3379414]Figure 5 CCDF of cubic metric

[bookmark: _Ref3449223]Table 2 Maximum allowed transmit power
	Parameter
	Value

	
	Alt-1
(Uniform PRB-level interlace mapping)
	Alt-2
(Non-Uniform PRB-level interlace mapping)
	Alt-3
(Uniform PE-level interlace mapping)
	Alt-4
(No interlacing mapping)

	P_max (dBm)
	20.79
	20.41
	22.04
	16.35

	Backoff (dB)
	3.08
	3.93
	2.33
	2.33

	P_TX (dBm)
	19.92
	19.07
	20.67
	16.35




RACH capacity
RACH capacity can calculate from number of available ZC sequence, number of cyclic shift of the sequence, and number of RACH occasion (RO) in 20MHz. There is no difference among each interlace mapping alternative regarding the number of available ZC sequence and number of RO. But Alt-3 reduces number of cyclic shift than other mapping methods because false peak occurs at the interval obtained by dividing the symbol length by the RE interval. For 30kHz SCS with short preamble format and RE interval as 4, the correlation peaks are occurred in each around 8.3us. Therefore, number of available cyclic shift is reduced to a quarter than other mapping method.


Multiplexing with other signals channels
In the scenario which PRB-level interlace mapping is used for PUCCH/PUSCH, Alt-2 PRACH can multiplex with PUCCH/PUSCH with interlace mapping as long as the two or more PUSCH interlace indexes are reserved for PRACH mapping during PRACH occasion. When 30kHz SCS and 139 length ZC sequence are used, Alt-1 has to set M = 4 to secure 139 subcarriers within one uniform PRB-level interlace where M is number of interlace. But M = 5 is used in PUSCH as RAN1#AH1901 agreement, and then the PRACH with M = 4 can collide with the PUSCH with M = 5. Therefore, PRACH and PUCCH/PUSCH would not be multiplexed with interlace mapping in Alt-1. Alt-3 and Alt-4 can’t multiplex with PUCCH/PUSCH with interlace mapping.


OCB requirement
Alt-1, Alt-2 and Alt-3 can fulfil OCB requirement. Alt-4 can’t fulfil OCB requirement, therefore frequency domain repetition of preamble or temporal allowance of at least 2MHz OCB mechanism has to be applied.


Summary of the comparison of each interlace design
From the evaluation results, we show the metric of each alternatives depending on RAN1#96 agreement in Table 3. Total delay for initial timing offset corresponding to 300 m ISD and maximum delay of TDL-C with delay scaling factor 100ns is around 2.07us. Therefore, N_cs is set 17 to fully meet the delay within detection window in PRACH capacity calculation. Based on the discussion above, Table 4 shows the summary of the comparison of each interlace mapping. Alt-2 has no large degradation in each performance metric, therefore our proposal is the following.


Proposal 2:	For NR-U PRACH, support Non-uniform PRB-level interlace mapping (Alt-2).

[bookmark: _Ref3877480]Table 3 Metric of each alternatives
	Parameter
	Value

	
	Alt-1
(Uniform PRB-level interlace mapping)
	Alt-2
(Non-Uniform PRB-level interlace mapping)
	Alt-3
(Uniform RE-level interlace mapping)
	Alt-4
(No interlacing mapping)

	Scheme
	Alt1-ZC139
	Alt2-ZC139
	Alt3-ZC139
	Alt4-ZC139

	SCS
	30
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	139
	139
	139

	# of repetition (R)
	1
	1
	1
	1

	N_cs

	17
	17
	17
	17

	# of RBs used for one RO (N_RB)
	12
	12
	12
	12

	RACH frequency occupancy (MHz)
	4.17
	4.17
	4.17
	4.17

	Noise level, Np (dBm)
	-102.7
	-102.7
	-102.7
	-102.7

	SNR (dB)
	-4.51
	-4.53
	-4.43
	-4.20

	P_max (dBm)
	20.79
	20.41
	22.04
	16.35

	Backoff (dB)
	3.08
	3.93
	2.33
	2.33

	P_TX (dBm)
	19.92
	19.07
	20.67
	16.35

	MCL (dB)
	127.1
	126.3
	127.8
	123.3

	N_FDM
	4
	4
	4
	4

	Capacity
	4416
	4416
	1104
	4416




[bookmark: _Ref3451804]Table 4 Summary of the comparison of each interlace design 
	Interlace design
	Multiplexing with other channel
	Timing estimation accuracy
	MCL
	Capacity
	OCB requirement

	Alt-1 (Uniform PRB-level interlace mapping)
	Bad
	Fair
	Good
	Good
	Good

	Alt-2 (Non-uniform PRB-level interlace mapping)
	Good
	Good
	Fair
	Good
	Good

	Alt-3 (Uniform RE-level interlace mapping)
	Bad
	Good
	Good
	Bad
	Good

	Alt-4 (No interlacing mapping)
	Bad
	Good
	Bad
	Good
	Bad



Conclusion
For NR-U PRACH, we propose as follow:
	Proposal 1
	PRACH sequence length L=139 only is supported for NR-U.

	Proposal 2
	For NR-U PRACH, support Non-uniform PRB-level interlace mapping (Alt-2).
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[bookmark: _Ref525834641]Appendix – Agreements from prior Meetings
The following PRACH channel design for NR-based Access to Unlicensed Spectrum (NR-U) were captured in 3GPP TR38.889 [2]:

	It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the 4 alternatives above is supported.



	Four potential design alternatives, including no interlacing, have been identified for the frequency mapping of PRACH sequences for NR-U, where consensus on which one(s) to support for NR-U has not yet been achieved:
-	Alt-1: Uniform PRB-level interlace mapping
-	In this approach a PRACH sequence for a particular PRACH occasion is mapped to all of  the PRBs of one or more of the interlaces in the PRB-based block interlace structure. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
-	It has been identified that a uniform mapping (equal spacing of PRBs) in the frequency domain produces a zero-autocorrelation zone, of which the duration is inversely proportional to the frequency spacing between the PRBs.
-	Alt-2: Non-uniform PRB-level interlace mapping 
-	In this approach a PRACH sequence for a particular PRACH occasion is mapped to some or all of  the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
-	It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in the frequency domain reduces the false peaks in the PRACH preamble auto-correlation function.
-	Alt-3: Uniform RE-level interlace mapping 
-	In this approach, a PRACH sequence for a particular PRACH occasion consists of a "comb-like" mapping in the frequency domain with equal spacing between all used REs. Different PRACH occasions are defined by way of different comb offsets.
-	Since this approach does not fit with the common PUSCH/PUCCH interlace structure, one source suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another source suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
-	Alt-4: Non-interlaced mapping 
-	In this approach, a PRACH sequence for a particular PRACH occasion is mapped to a number of contiguous PRBs, same or similar to NR Rel-15.
-	Some sources propose that to fulfill the minimum OCB requirement, that the PRACH sequence is mapped to a set of contiguous PRBs, and the PRACH sequence mapping is repeated across the frequency domain, potentially with guard RE(s)/PRB(s) between repetitions. For each repetition, a different cyclic shift or different base sequence may or may not be applied.



The following agreement related to initial access and mobility in NR-U has been reached in RAN1#AH-1901:
Agreement: 
Companies are encouraged to provide results comparing the different alternatives using the following simulation assumptions to select between alternative PRACH designs.
· The Rel-15 PRACH design should be simulated as a baseline
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	10ns, 100 ns

	Antenna configuration at BS(1)
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	UE speed
	3 km/h

	Initial timing offset
	Uniformly distributed in [0, 1.2 µs (corresponding to 300 m ISD)]
Optional: Uniformly distributed in [0, 2 µs (corresponding to 500 m ISD)]

	PRACH format
	A1 with other formats optional

	Subcarrier spacing
	15/30 kHz.  (with other SCS optional)

	PRACH sequence and frequency resource allocation 
	For evaluation purpose, the Rel-15 PRACH ZC sequence (with possible length change) should be simulated. Additional/new sequences can be simulated. Each company should provide details on the sequence (type and length) and the resource allocation (e.g., Alt1~Alt4 and detailed mapping).

	Total number of preambles per cell
	64, each company should provide details on how these 64 preambles are generated

	Preamble detector
	Each company should provide details on used algorithm

	Interference assumption
	No interference. 
Optional: -3/0/3dB interference power compared with target PRACH

	Detection Criteria
	1% maximum mis-detection probability(2)

	
	0.1% maximum false alarm probability(3)

	
	maximum timing estimation error being 50% of the normal CP length

	Formatting of results (please also reference Section 8 of R1-1704144 for reporting formats)
	Mis-detection probability vs. SNR

	
	False alarm probability vs. SNR(4)

	
	CDF of timing estimation error

	
	PRACH capacity (maximum number of preambles)

	
	Peak-to-average power ratio and cubic metric

	
	MCL(5)

	(1) See Table 7-1 of R1-1704144
(2) The missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.  
(3) Maximum false alarm probability refers to the case when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1). 
(4) False alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences, where each occurrence (occurrence refers to 64 detections, one for each of the 64 preambles in a cell) is one potential preamble transmission in a RO.
(5) In the MCL calculation, needs to consider the maximum transmit power supported by the PRACH design under PSD limitation and PAPR/EVM characteristic of the design.

Note: Assumptions on the following should be stated
· use of a guard band (if any) 
· definition of SNR
· signal bandwidth used




The following agreement related to initial access and mobility in NR-U has been reached in RAN1#96:
[bookmark: _GoBack]Agreement:
For PRACH evaluations, following metrics should be provided:
	Parameter
	Value
	Notes

	Scheme
	
	Eg. Alt4-ZC139x2

	SCS
	
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	
	Eg. 139, 

	# of repetition (R)
	
	If repetition of sequence is used in freq domain

	N_cs

	
	Eg. 11

	# of RBs used for one RO (N_RB)
	
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	# of interlaces used by one RO (N_interlace)
	
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency occupancy (MHz)
	
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	
	MCL = P_TX-SNR-Np

	N_FDM
	
	# of ROs in 20MHz

	Capacity
	
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.
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