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Introduction
Over the previous RAN4 meetings, the performance requirements for multiple PRACH preamble formats have been discussed. As per [1], agreements were reached for some issues as shown in the following. The test-oriented performance requirements will be set for certain/some/all format(s) among [Format 0] for long sequence, [Format A1, A2, A3, B4, C0, and C2] for short sequence. Some options of Ncs for short sequences were highlighted. The LTE test metrics of 0.1% false alarm probability and 99% detection probability are reused for Rel-15. The reuse of LTE test metric of time estimation error, i.e., 1.04µs, was suggested for AWGN channel. But there are still piles of open issues. Thus, in this paper, we share our view regarding these open issues.
[bookmark: _Ref178064866]Discussion
Test metric
For the test metrics, the group have had the following agreements in the last meeting:
· False alarm probability and detection probability
· Reuse the LTE metric of 0.1% false alarm probability and 99% detection probability. 
· Allowed time estimation error
· For AWGN channel 
· reuse the LTE metric of 1.04us
· For fading channel
· Need further study
The allowed time estimation error determines with up to which value the estimated and real time offset difference is, the base station can still decode the data from user. That ensures, in the scope of PRACH, the initial Up-Link (UL) ‘synchronization’ between user and base station can be reached even though there is certain timing gap between the two. When the allowed time estimation error is studied, two aspects shall be considered as elaborated below: 
1) The allowed time estimation error should not bypass the PUSCH/PUCCH/SRS cyclic prefix (CP) length as otherwise, it will hurt the detection of symbols. In fact, it was set to around 20% of the CP length in LTE. Note that the higher the subcarrier spacing is, the smaller PRACH preamble duration is, and thus the smaller CP length is. Given that, the allowed time estimation error shall vary based on the used subcarrier spacing. For 120kHz Sub-Carrier Spacing (SCS), the PUSCH CP length is about 0.59us. 

In the symbol/sample detection process, the existence of CP strengthens the system’s invulnerability to inter-symbol interference. In principle, the allowed time estimation error plus the delay spread shall be inferior to CP length. As for AWGN, the channel is not frequency selective. Hence, the corresponding delay spread remains invariant, which makes no difference when determining the allowed time estimation error. Nonetheless, in the frequency-selective fading channel, the delay spread varies as it renders different requirements for the respective allowed time estimation error. 
2) The allowed time estimation error shall be larger than the time resolution of PRACH signals. According to signal processing principle, the time resolution of PRACH signals is proportional to the inverse of the PRACH bandwidth. Note that in LTE, the largest SCS for PRACH is 15kHz and about 6 PRBs are used with 12 subcarriers within each PRB. Hence, the corresponding bandwidth is about 1.08MHz, which indicates that the time resolution of PRACH signals is to certain proportion of about 0.93 us. With a similar reasoning in NR, the largest SCS for PRACH is 120kHz with 12 PRBs in use and 12 subcarriers within each PRB, thus, the time resolution is about 0.06us. If SCS=60kHz is considered, the time resolution will be 0.12us, and if SCS=30kHz, the time resolution will be 0.23us. 
From the above analysis, we can see that both the upper bound and the lower bound of the time estimation error tolerance (equivalent to the term “allowed time estimation error”) is related to the SCS of PRACH. For AWGN channel, If LTE’s metric of 1.04us is reused for all SCS, the performance requirements will become quite loose for some SCSs. 
Based on the reasonings in the previous paragraphs, we propose to revisit the time estimation error tolerance in the current agreements of AWGN channel. One potential time estimation error tolerance metric value could be  us, where  is the SCS configuration index where SCS=15* kHz.
[bookmark: _Toc525842140][bookmark: _Toc525898049][bookmark: _Toc525898068]The time estimation error tolerance is related to the SCS of PRACH.
[bookmark: _Toc525842212][bookmark: _Toc525897628][bookmark: _Toc525898003]It is proposed that the time estimation error tolerance for AWGN channel shall be revised.

For fading channel, in LTE, for ETU channel, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 2.08us. The strongest path for the timing estimation error refers to the strongest path (i.e. average of the delay of all paths having the same highest gain = 310ns for ETU) in the power delay profile (PDP). For 2.08 us, it covers almost all the strong paths except the last one, as shown in Figure 1. Since the last tap is excluded, lower detection probability can be expected for certain cases. This results from the test detection mechanism:  once the signal of the last tap is detected, it will be counted as an error as it resides outside the valid timing window. Moreover, the implementation of the channel model may cause extra problems. For instance, some variations owing to different implementations, might cause an increase on the error floor and thus have a non-negligible impact on the required SNR. Indeed, this has been discussed in LTE [6] since long. To avoid this problem, we can set the time estimation error tolerance to the sum of the maximum delay in PDP and the time estimation error tolerance for the AWGN. With this, all the path can be included in the tolerance. 
[image: channel_model]
[bookmark: _Ref525812625]Figure 1: Timing estimation error for PRACH performance requirement (ETU) in LTE [6]
According to the agreements in RAN4#88, the channel model for FR2 of UE is: 
· TDL PDPs can be generated from CDL taking into account Tx/Rx beamforming or existing PDPs in TE 38.901 could be reused 
· Each tap is modelled based on the Jakes Doppler fading model
· The maximum number of taps: 12
· For TDL parameters
· TDL-A with Delay spread RMS=30ns; 75 Hz max Doppler frequency
· TDL-A with Delay spread RMS=30ns;300 Hz max Doppler frequency (corresponding to 10kmh @30G)
Based on the delay profile shown in Table 1 for TDL_A, If BS takes the same channel model as UE, then as one potential setup, the time estimation error tolerance could be () us. For fading channel at 120KHz, it is about 0.42 us. More simulation results are needed to clarify this setup. 
[bookmark: _Ref525813604]Table 1: TDL-A
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0.0000
	-13.4
	Rayleigh

	2
	0.3819
	0
	Rayleigh

	3
	0.4025
	-2.2
	Rayleigh

	4
	0.5868
	-4
	Rayleigh

	5
	0.4610
	-6
	Rayleigh

	6
	0.5375
	-8.2
	Rayleigh

	7
	0.6708
	-9.9
	Rayleigh

	8
	0.5750
	-10.5
	Rayleigh

	9
	0.7618
	-7.5
	Rayleigh

	10
	1.5375
	-15.9
	Rayleigh

	11
	1.8978
	-6.6
	Rayleigh

	12
	2.2242
	-16.7
	Rayleigh

	13
	2.1718
	-12.4
	Rayleigh

	14
	2.4942
	-15.2
	Rayleigh

	15
	2.5119
	-10.8
	Rayleigh

	16
	3.0582
	-11.3
	Rayleigh

	17
	4.0810
	-12.7
	Rayleigh

	18
	4.4579
	-16.2
	Rayleigh

	19
	4.5695
	-18.3
	Rayleigh

	20
	4.7966
	-18.9
	Rayleigh

	21
	5.0066
	-16.6
	Rayleigh

	22
	5.3043
	-19.9
	Rayleigh

	23
	9.6586
	-29.7
	Rayleigh



[bookmark: _Toc525842141][bookmark: _Toc525898050][bookmark: _Toc525898069]The time estimation error tolerance for fading channel depends on the maximum delay in the respective PDP and the time estimation error tolerance for the AWGN channel.
Undetermined testing parameters 
 
For , we have the following agreements:
· Ncs
· Long sequence: 13
· Short sequence:
· Option 1: 46 for FR1, 0 for FR2
· Option 2: 23 for FR1, 69 for FR2
· Option 3: 0 for FR1, 0 for FR2
To generate the PRACH sequence, we need specify the number of root sequences (u) required and the cyclic shift length (Ncs).  The number of root sequences (u) required and the cyclic shift length (Ncs) are dependent on the cell size. For small cell size, only one root sequence can be used to generate all preambles. In Rel-8, we use Ncs=13 for test scope for format 0. In NR, for PRACH with short sequence, the cell size is scaled with the SCS of PRACH. The Ncs value shall be decided based on the configured SCS. As a general principle,  shall satisfy the following condition:

Where  and  is the PRACH sequence length and duration (measured in s), respectively,  is 139 for short sequence, and  is the maximum delay spread,  is the cell size and  is the number of additional guard samples due to the receiver pulse shaping filter. For illustration purpose, the coverage for each possible SCS and Ncs value is given in Table 2. From the table, we can see that Ncs value shall be selected properly, otherwise, the coverage is too small. 

[bookmark: _Ref525827221]Table 2: Coverage analysis for different Ncs
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For Option 2, when the  is set to 23, the coverage for 30kHz is very small. It is not reasonable to be used for real deployment. Furthermore, based on Table 3 and Table 4, we can see that the adjustable time offset step is very small, it is about 0.1~0.3 us. As a consequence, some additional efforts will be needed for the test. As per these two aspects, it is not preferable to use option 2. 
For Option 3, as  is set to zero, the root sequence will be reused more frequently across the cells in the PRACH procedure. This is because that when Ncs=0, 64 root sequences are needed to cover 64 preambles. This will only be enough for 2 cells. If it is set to 46, there will be approximately 3 (≈139/46) preambles per root sequence, which requires simply 22 root sequences and will be enough for 6 cells. Hence, compared with , its root sequence reuse factor is only 1/3 of the case with Ncs=0. Since for mid-band (FR1), the PRACH root sequence reuse factor is a key system parameter, setting Ncs=0 for FR1 is not preferable. 
Therefore, Option 1 seems to be the good choice for the  setup. 

[bookmark: _Toc525842213][bookmark: _Toc525897629][bookmark: _Toc525898004][bookmark: _Toc525842214][bookmark: _Toc525897630][bookmark: _Toc525898005]It is proposed to set the Ncs to be 46 for FR1 and 0 for FR2.

Logical sequence index 
The influence of different logical sequence index is to be studied later together with frequency offset.
Frequency offset 
For Frequency offset, we have the following agreements in the past meeting:
· Frequency offset for FR1
· Option 1: 500 Hz 
· Other options are not precluded
Based on the NR supported band shown in Table 3. and Table 4, for FR1, the frequency range is from 700MHz~5000MHz, and for FR2, the frequency range is from 26.5GHz~40G Hz. As shown in Table 5,  considering the frequency error of FR 1 and FR2 is quite similar. The frequency offset for FR1 can be set 300Hz~500Hz and FR2, the frequency range should be in the range of 2650 and 4000Hz. Since the frequency offset is band agnostic for each frequency range, it may be feasible to set a medium value to satisfy both lower and higher frequency. For example, for FR1, set 400Hz and 3325 for FR2. 


[bookmark: _Ref525841140]Table 3: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780 MHz
	N/A
	SUL



Table 4: NR operating bands in FR2
	NR operating band
	Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive 
FUL_low   –  FUL_high
FDL_low   –  FDL_high
	Duplex Mode

	n257
	26500 MHz – 29500 MHz
	TDD

	n258
	24250 MHz – 27500 MHz
	TDD

	n260
	37000 MHz – 40000 MHz
	TDD

	n261
	27500 MHz – 28350 MHz
	TDD



[bookmark: _Ref525843224][bookmark: _Ref525841459]Table 5: Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm
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Time offset
For time offset, currently, we have the following agreements:

· For conformance test, we reuse the LTE timing offset scheme for preamble transmission, i.e., 
· The timing offset base value is set to 50% of Ncs. This offset is increased within the loop, by adding in each step a value of [0.1us], until the end of the tested range, which is [0.9us]. Then the loop is being reset and the timing offset is set again to 50% of Ncs.

The current setup is valid for 15KHz and . For other SCS and/or , more discussion are needed. 

Let us take format A3 of NR@120KHz as one example, assume  and the channel propagation delay is about 144*, in this case, the time offsets 1.38+n*0.1us will be used in the test setups, where n∈Z and n≤9. If channel propagation delay is considered and , the start time of received signal is 1.38+0.9+144* =2.87us. It is larger than the first detection window whose range is [0, 1.38*2], it will lead to detection error. Obviously, 0.9 us is not feasible for high SCS. 

The proper time offset setup shall consider the following conditions:

1) The largest time offset is better not larger than PRACH CP for the similar reasoning mentioned in Section 2.1

2) The largest time offset with propagation delay cannot be larger than the length of the detection window corresponding to the given  and 

The basic relationship between the time offset and PRACH CP and detection window is shown in Figure 2. In case , based on the condition#1, we have:

			(1)

Based on the condition#2, we have:










where  is the cyclic shift,  where  Hz and . The constant  where ,  and , and  is the SCS configuration.  is the channel delay,  is time offset related to the timing offset base value (i.e., 50% of Ncs),  is the sequence length of PRACH (for short PRACH, it is 139).  is the length of CP of PRACH. Combined the condition#1 and condition#2, we can get maximum  is:
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[bookmark: _Ref525824876]Figure 2: Relationship between the search window and time offset, 

in case , based on the condition#1 and condition#2, we can get:

where  is the timing offset base value, For this case, one potential way to set  could be . 
Based on the above analysis, in Table 6 and Table 7, we give the  range for A3 and B4 for  case.

[bookmark: _Ref525825940]Table 6:  range for A3
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[bookmark: _Ref525825946]Table 7:  range for B4
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From the Table 6 and Table 7, we can see that for A3 and B4, when , the maximum  for 120KHz can be 0.7us. To have some margin, 0.3~0.5us may be proper for  and 120KHz. 

[bookmark: _Toc525842142][bookmark: _Toc525898051][bookmark: _Toc525898070]The largest time offset is better not be larger than PRACH CP
[bookmark: _Toc525842143][bookmark: _Toc525898052][bookmark: _Toc525898071]The largest time offset cannot be larger than length of the detection window corresponding to the given  and 
[bookmark: _Toc525842257][bookmark: _Toc525897673][bookmark: _Toc525898048]The time offset value shall be set properly according to the PRACH format and SCS

[bookmark: _Toc472092067][bookmark: _Toc477793227][bookmark: _Toc477794298][bookmark: _Toc477794306][bookmark: _Toc477794314]Conclusion
To sum up, the following open issues for PRACH test setups and performance requirements are discussed and we have the following observations: 
Observation 1	The time estimation error tolerance is related to the SCS of PRACH.
Observation 2	The time estimation error tolerance for fading channel depends on the maximum delay in the respective PDP and the time estimation error tolerance for the AWGN channel.
Observation 3	The largest time offset is better not be larger than PRACH CP
Observation 4	The largest time offset cannot be larger than length of the detection window corresponding to the given  and 

Based on the discussions, we have the following proposals:

Proposal 1	It is proposed that the time estimation error tolerance for AWGN channel shall be revised.
Proposal 2	It is proposed to set the Ncs to be 46 for FR1 and 0 for FR2.
Proposal 3	The frequency offset for FR1 and FR2 is 400Hz and 3325Hz, respectively
Proposal 4	The time offset value shall be set properly according to the PRACH format and SCS
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