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[bookmark: _Toc533002893]1	Introduction
[bookmark: _GoBack]In this contribution, we provide evaluation results for the non-uniform (irregular) PRB-based interlace PRACH design in [1] using the NR Rel-15 PRACH design as a baseline for comparison. We also evaluate the performance of an alternative non-interlaced design based on repetition of the NR Rel-15 PRACH sequence in the frequency domain. The motivation for considering the repetition design is that it seems to be the option that requires the least degree of spec changes amongst the 4 alternative schemes identified in the TR for the NR-U SI [2], Section 7.2.1.2. This design enables increased maximum transmit power under a PSD constraint compared to the NR Rel-15 design, albeit at the cost of reduced RACH capacity and loss of multiplexing capability with interlaced PUSCH/PUCCH compared to the design in [1]. 
[bookmark: _Toc506553723][bookmark: _Toc510450969][bookmark: _Toc510452869][bookmark: _Toc510731134][bookmark: _Toc510731381][bookmark: _Toc510775731]2	Agreed Simulation Assumptions for PRACH Design
In RAN1 AH 1901, the following evaluation assumptions were agreed.
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



In RAN1 #96, the following evaluation metrics were agreed.
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.

	
	
	



3	Evaluation Results
Evaluations were performed in accordance with the agreed simulations assumptions listed in Section 2. 
Additional details are as follows:
· Three PRACH preamble designs were compared:
· Rel-15 (139 contiguous subcarriers). Hence, this is Alt4-ZC139.
· Repetition 2 times in frequency domain of Rel-15 preamble (278 contiguous subcarriers), with a phase ramp ( per subcarrier) in the second repetition in order to reduce CM and PAPR. Hence, this is Alt4-ZC139x2.
· Design proposal as described in [1], i.e. non-uniform (irregular) PRB-based interlacing using Rel-15 short Zadoff-Chu sequences (i.e. in total 139 used subcarriers). Hence, this is Alt2-ZC139. The interlace structure is the same as the one agreed in RAN1 AH 1901 for PUSCH/PUCCH. Results are shown only for PRACH occasion RO1 since all 4 ROs have similar performance. In [1], RO1 is illustrated only for 30 kHz subcarrier spacing (where 5 interlaces are available). In simulations for 15 kHz SCS (where 10 interlaces are available), RO1 uses the same interlace numbers (1 and 3) with the same occupied PRBs in the corresponding interlaces. 
· For all three designs, the 64 preambles in a cell were generated by randomly selecting a first logical sequence index (corresponding to a particular Zadoff-Chu root), and then, starting from that index, generating 64 consecutive sequences in the order defined in 3GPP TS 38.211, i.e. first in the order of increasing cyclic shifts, second in the order of increasing logical root index. The number of cyclic shifts used was configured based on max RTT(function of ISD) + delay spread margin + false peak margin (if applicable), with the combined margin adjusted to ensure good performance for each scheme (see Table 1).   Corresponding simulation results without cyclic shifts can be found in [4].

[bookmark: _Ref4748961] Table 1: Number of cyclic shifts used in simulations
	SCS
	Delay spread
	Number of cyclic shifts

	
	
	Rel-15
	Repetition
2 times
	Non-uniform interlace design in [1]

	30 kHz
	10 ns
	17
	17
	8

	
	100 ns
	13
	13
	8

	15 kHz
	10 ns
	23
	34
	11

	
	100 ns
	23
	27
	11



· The receiver algorithm described in [3] was used, with .
· No correlation between gNB receive antennas.
· SNR in the figures is defined as the received signal power on used subcarriers divided by the noise power on used subcarriers, where the received signal power is the average over many fading realizations. Note that for consistency with this definition, the total noise power in the MCL calculation will scale with number of used subcarriers. 
· Regarding definition of missed-detection probability, our understanding is that the intention of the agreement in RAN1 AH 1901 was to align the definition with the one in 3GPP TS 38.104:
· The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation.
It is our understanding that the 38.104 definition would not count the following event as a missed-detection: UE transmits preamble A and gNB detects preambles A and B (i.e, both A and B are detected above the threshold). The reason is that A is detected, so it is not a missed-detection of the transmitted preamble. To avoid this event being counted as a missed detection and thus align with 38.104, we propose the following clarification to the definition agreed in RAN1 AH 1901:
· The missed detection probability is defined as the ratio between the total number of missed detections and the total number of transmitted preambles within an observation interval. A missed detection is defined as the event of that are either not no preamble detected at all, or only different preamble(s) detected as a different preamble than the one that was sent, or preamble that was sent is 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.
Please note that our intention is only to clarify, not to change the meaning of the agreement. The proposal here is “Alt-1” discussed on the NR email reflector prior to this meeting. Without change marks, the proposal is as follows:

[bookmark: _Toc4759087]The missed detection probability is defined as the ratio between the total number of missed detections and the total number of transmitted preambles within an observation interval. A missed detection is defined as the event of no preamble detected at all, or only different preamble(s) detected than the one that was sent, or preamble that was sent is detected, but with timing error greater than the maximum value (i.e., 50% of normal CP length).
3.1	Results for 30 kHz SCS
In all graph legends “Non-uniform interlace design, RO1” corresponds to the design proposal as described in [1] for the first RACH occasion (RO1). 
	[image: ]	[image: ]
	(a)	(b)
[bookmark: _Ref519865665]Figure 1: Mis-detection probability results for SCS 30 kHz with delay scaling (a) 10 ns, and (b) 100 ns.

	[image: ]	[image: ]
Figure 2: False-alarm probability results for SCS 30 kHz, delay scaling (a) 10 ns, and (b) 100 ns.

	[image: ][image: ]	
[bookmark: _Hlk4666646]Figure 3: Timing estimation error results for SCS 30 kHz for the SNR where respective mis-detection probability is 1% for delay scaling (a) 10 ns and (b) 100 ns.
3.2	Results for 15 kHz SCS
In all graph legends “Non-uniform interlace design, RO1” corresponds to the design proposal as described in [1] for the first RACH occasion (RO1). 
	[image: ] [image: ]
Figure 4: Mis-detection probability results for SCS 15 kHz, delay scaling (a) 10 ns, and (b) 100 ns.
	[image: ]	[image: ]
Figure 5: False-alarm probability results for SCS 15 kHz, delay scaling (a) 10 ns, and (b) 100 ns.

	[image: ]	[image: ]
Figure 6: Timing estimation error results for SCS 15 kHz for the SNR where resp. mis-detection probability is 1% for delay scaling (a) 10 ns, and (b) 100 ns.
		
3.3	PAPR and Cubic Metric
In all graph legends “Non-uniform interlace design, RO1” refers to the design proposal as described in [1] for the first RACH occasion (RO1). 
	[image: ][image: ]	95th Percentile

Figure 7: Complementary CDF over the 138 sequences of (a) Peak-to-average power ratio (PAPR), and (b) Cubic metric (CM).
[bookmark: _Ref881257]Table 2: 95th percentile CM
	Design
	95th percentile CM [dB](1)

	Rel-15
	2.3

	Repetition 2 times
	3.4

	Non-uniform interlace design in [1] (RO1)
	4.3


(1) Defined as the CM that 95% of all sequences of the design fall below

3.4	Metrics Summary
Table 3: Metrics summary for 30 kHz SCS and delay scaling 100 ns
	Parameter
	Value

	Scheme
	Alt4-ZC139
(Rel-15)
	Alt4-ZC139x2
(Repetition 2 times)
	Alt2-ZC139
(Non-uniform interlace design in [1], RO1)

	SCS (kHz)
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	139
	139

	# of repetition (R)
	1
	2
	1

	N_cs
	10
(i.e. 13 shifts)
	10
(i.e. 13 shifts)
	17
(i.e. 8 shifts)

	# of RBs used for one RO (N_RB)
	12
	24
	12

	# of interlaces used by one RO (N_interlace)
	N/A
(Contiguous PRB design)
	N/A
(Contiguous PRB design)
	1 full interlace + 
2 RBs of a 2nd interlace

	RACH frequency occupancy (MHz) (1)
	4.170
	8.340
	4.170

	Noise level, Np (dBm)
	-102.8
	-99.8
	-102.8

	SNR (dB) corresponding to 1% missed detection proability
	-5.0
	-8.6
	-5.9

	P_max (dBm) (2)
	16.2
	19.2
	17.6

	Backoff (dB) (3)
	2.3
	3.4
	4.3

	P_TX (dBm)
	16.2
	19.2
	17.6

	MCL (dB)
	124.0
	127.6
	126.3

	N_FDM
	4
	2
	4

	Capacity (4)
	413813 =
 7176
	213813 =
 3588
	41388 =
 4416


(1) Only includes used subcarriers, for consistency with the SNR definition used in simulations. 
(2) Based on the assumption of a max PSD of 10 dBm per 1 MHz interval. The design in [1] has a maximum of 24 subcarriers within 1 MHz (for RO4), while the other designs have a maximum of 33.3 subcarriers within 1 MHz.
(3) Backoff based on 95th percentile of the CCDF of cubic metric.
 (4) Obtained as # of freq domain ROs * # of roots (138) * # of cyclic shifts, for the agreed simulation assumptions (300 m ISD).
Based on the above summary and graphs one can see that both the non-uniform interlaced scheme and the 2x repetition scheme perform well. Both have an MCL advantage compared to the Rel-15 (contiguous PRB) design. While the 2x repetition scheme has about a 1.3 dB MCL advantage compared to the non-uniform interlace scheme and better false alarm performance at high SNR, the trade-off is that it has a 20% lower PRACH capacity. Furthermore, it does not enable multiplexing with PUSCH/PUCCH on an interlaced structure. These trade-offs should be further discussed. Based on this we propose:
[bookmark: _Toc1070646][bookmark: _Hlk4603286][bookmark: _Toc4759088]Down-select amongst the following two enhanced PRACH schemes identified in the TR 38.889 for the NR-U SI: (1) non-uniform (irregular) PRB-based interlace mapping using the same interlace structure agreed for PUSCH/PUCCH and using a ZC sequence length of 139 (Alt-2 in the TR), and (2) non-interlaced mapping with repetition of the NR Rel-15 PRACH mapping in the frequency domain (Alt-4 in the TR).
[bookmark: _Toc533002899]4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The missed detection probability is defined as the ratio between the total number of missed detections and the total number of transmitted preambles within an observation interval. A missed detection is defined as the event of no preamble detected at all, or only different preamble(s) detected than the one that was sent, or preamble that was sent is detected, but with timing error greater than the maximum value (i.e., 50% of normal CP length).
Proposal 2	Down-select amongst the following two enhanced PRACH schemes identified in the TR 38.889 for the NR-U SI: (1) non-uniform (irregular) PRB-based interlace mapping using the same interlace structure agreed for PUSCH/PUCCH and using a ZC sequence length of 139 (Alt-2 in the TR), and (2) non-interlaced mapping with repetition of the NR Rel-15 PRACH mapping in the frequency domain (Alt-4 in the TR).
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