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1. Introduction

NR PRACH demodulation requirements was discussed in the previous meetings, and an way forward was agreed in [1]. This contribution further discusses the open issues.

2. Discussion
1) Preamble format
There are several PRACH preamble formats as specified in Table 6.3.3.1-1 and Table 6.3.3.1-2 of TS 38.211, and copied below. 
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 (Table 6.3.3.1-1 in TS 38.211)
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Table 2: Preamble formats for 
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 (Table 6.3.3.1-2 in TS 38.211)
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The main differences of these preamble formats are in four aspects: 1) preamble sequence length, 2) subcarrier spacing, 3) preamble time duration, and 4) time duration of CP and guard period. In the following, we will discuss the impact of these aspects on PRACH demodulation performance:

1) Preamble sequence length: longer preamble sequence implies better performance, if the other configurations are the same.

2) Subcarrier spacing: larger subcarrier spacing implies better performance under high frequency offset.
3) Preamble time duration: longer time duration implies more time domain resource and higher signal energy, and would of course improve the PRACH coverage in low SNR region.
4) Time duration of CP and guard period: The CP and guard period are used to handle the receiving timing uncertainty at BS.
· In practical networks, with a larger duration of CP and GP, the preamble can applied in a cell with larger radius.
· In LTE conformance tests, according to TS 36.141, the timing offset for PRACH transmission is set as [50% of Ncs: 0.1us: 50% of Ncs + 0.9us], and thus 50% of Ncs + 0.9us is biggest timing offset configured in the tests. 0.9us corresponds to 28Ts, so the biggest timing offset of Ncs + 0.9us is shorter than the CP and GP duration in these LTE tests. That is the reason why the performance difference is very small between LTE PRACH format 0 and 1, and between LTE PRACH format 2 and 3. (Note: LTE PRACH format 0 and 1 have the same preamble duration and different CP duration; LTE PRACH format 2 and 3 have the same preamble duration and different CP duration)
Observation 1: In RPACH test, when the configured preamble transmission timing offset do not exceed the CP duration, there are three aspects impacting PRACH performance: 1) preamble sequence length, 2) subcarrier spacing, and 3) preamble time duration.
Therefore, we can firstly set up the principle of down-selecting preamble format, which is to select typical preamble sequence length, subcarrier spacing, and preamble duration. Then we propose to down-select the following preamble formats:

· Format 0: with long sequence, 1.25 kHz subcarrier spacing and short preamble duration

· Format 2: with long sequence, 1.25 kHz subcarrier spacing and long preamble duration

· Format 3: with long sequence, 5 kHz subcarrier spacing
· Format A1: with short sequence, 15~120 kHz subcarrier spacing and short preamble duration

· Format B4: with short sequence, 15~120 kHz subcarrier spacing and long preamble duration

· Format C2: with short sequence, 15~120 kHz subcarrier spacing and medium preamble duration
Proposal 1: Principle of down-selecting preamble format is to select typical preamble sequence length, subcarrier spacing and preamble duration.
Proposal 2: Introduce PRACH tests for preamble format 0, 2, 3, A1, B4, C2.
Based on the above analysis, the impact of CP and GP on PRACH performance is very small, when the configured preamble transmission timing offset do not exceed the CP duration in the test. Having this, we would like to discuss the possibility of reusing the same set of requirements for different formats with the only difference in CP and GP duration, such as format A1 & B1, A2 & B2 & C2, A3 & B3. The main benefits of reusing the requirements are: on one hand, the total simulation case number and simulation workload can be controlled; on the other hand, for example, if the requirements are defined for format A1 but not B1, we can still conduct the tests for BS supporting format B1 only.
Proposal 3: RAN4 to discuss the possibility of reusing the same set of requirements for different formats with the only difference in CP and GP duration, such as format A1 & B1, A2 & B2 & C2, A3 & B3.
2) Sub-carrier spacing for preamble with short sequence
For preamble with short sequence, different subcarrier spacings are supported. The supported combinations of PRACH subcarrier spacing and PUSCH subcarrier spacing are specified in TS 38.211 and copied below.
Table 3: Supported combinations of 
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	10
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	15
	12
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	15
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	15
	60
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	139
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	15
	24
	2

	139
	30
	30
	12
	2

	139
	30
	60
	6
	2

	139
	60
	60
	12
	2

	139
	60
	120
	6
	2

	139
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	60
	24
	2

	139
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	120
	12
	2


In FR1, 60 kHz subcarrier spacing is de-prioritized for PUSCH, so 60 kHz subcarrier spacing is also de-prioritized for PRACH. Other subcarrier spacings are proposed to be tested.
Proposal 4: 60 kHz subcarrier spacing is de-prioritized for PRACH in FR1, and other subcarrier spacings are to be tested.

3) Timing offset for preamble transmission
In LTE PRACH tests, the preambles are sent with certain timing offsets as described as follows. 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 timing offset scheme is presented in Figure 8.4.1.4.2-2 of TS 38.141 and copied below.

For NR PRACH tests, as a starting point, it is proposed to reuse this timing offset scheme for PRACH transmission.
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Figure 1: Timing offset scheme (Figure 8.4.1.4.2-2 of TS 38.141)
Proposal 5: For conformance test, 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.
4) Configuration of logical sequence index, Ncs and v
Table 4 shows the parameters for LTE PRACH tests, where formats 0-3 adopt long sequence and format 4 adopts short sequence. Logical sequence indexes of 22 and 0 are used respectively for long and short sequences, resulting in root sequence number 
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=1 for both long and short sequences.
Table 4: Test preambles for Normal Mode (Table A.6-1 of TS 38.141)
	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	167
	22
	2

	2
	167
	22
	0

	3
	0
	22
	0

	4
	10
	0
	0


For NR PRACH tests, it is suggested to reuse the root sequence number from LTE, and thus logical sequence indexes of 22 and 0 are proposed to be used respectively for long and short sequences.

For selecting Ncs, the following two aspects should be taken into account:

· From each root Zadoff-Chu sequence, 
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 cyclically shifted sequences can be obtained, where LRA is the Zadoff-Chu sequence length.
· Additional preamble sequences, in case 64 preambles cannot be generated from a single root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are found [2].
· Ncs is expected to be larger than the maximum round-trip propagation time in the cell (i.e., timing offset configured in the test) plus the maximum delay spread of the channel [3].
As seen from Table 4, in LTE PRACH tests with long sequence, Ncs of 13, 167 and 0 are used, resulting in 64, 5 and 1 cyclically shifted sequences from one root sequence. In LTE PRACH tests with short sequence, Ncs of 10 is used, resulting in 13 cyclically shifted sequences from one root sequence. 

Following the similar logic for NR PRACH tests, the following parameters are proposed:

	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	2
	167
	22
	2

	3
	0
	22
	0

	A1
	10
	0
	6

	B4
	46
	0
	1

	C2
	0
	0
	0


Proposal 6: The preamble parameters in the following table are proposed to be used. Further confirm that the sum of the timing offset configured in the test and the channel delay spread does not exceed the Ncs as well as the CP duration.
	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	2
	167
	22
	2

	3
	0
	22
	0

	A1
	10
	0
	6

	B4
	46
	0
	1

	C2
	0
	0
	0


5) Test metric

Preliminary agreements on PRACH metrics for test and initial simulation were reached at RAN4 #87 meeting [4]:
· Test metric

· NR PRACH performance metric is the SNR for False alarm probability and Missed detection probability

· The requirements on timing estimation error should be further studied

· In simulation, checking the target SNR for False alarm probability < [0.1]% and Missed detection probability <[1]%

For the false alarm probability and detection probability, we suggest to reuse the LTE metric of 0.1% false alarm probability and 99% detection probability unless any technical issues are identified.
For the exact value for time estimation error, the LTE metric in AWGN channel can be reused as a starting point, while the metric in fading channel needs further study after the channel model is decided, i.e., 

· For AWGN, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 1.04us. For fading channel, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than X us. 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 for fading channel) in the power delay profile.
Proposal 7: Reuse the LTE metric of 0.1% false alarm probability and 99% detection probability for NR.
Proposal 8: For the exact value for time estimation error, reuse the LTE metric of 1.04us in AWGN channel, while the metric in fading channel needs further study after the channel model is decided. 
6) Frequency offset

Frequency offset of 270 Hz is modeled for normal mode PRACH test in LTE. For NR in FR1, many operators have deployment plan at higher frequency such as n77 (3300 MHz – 4200 MHz), n78 (3300 MHz – 3800 MHz) and n79 (4400 MHz – 5000 MHz). Considering the frequency error of ±0.1 PPM, it is proposed to model frequency offset of 500 Hz (5000 MHz * 0.1 PPM) for PRACH demodulation test in normal mode.

Proposal 9: Model frequency offset of 500 Hz in FR1.
3. Conclusions

This contribution presented our views on NR PRACH demodulation requirements, and had the following proposals:

Observation 1: In RPACH test, when the configured preamble transmission timing offset do not exceed the CP duration, there are three aspects impacting PRACH performance: 1) preamble sequence length, 2) subcarrier spacing, and 3) preamble time duration.
Proposal 1: Principle of down-selecting preamble format is to select typical preamble sequence length, subcarrier spacing and preamble duration.
Proposal 2: Introduce PRACH tests for preamble format 0, 2, 3, A1, B4, C2.
Proposal 3: RAN4 to discuss the possibility of reusing the same set of requirements for different formats with the only difference in CP and GP duration, such as format A1 & B1, A2 & B2 & C2, A3 & B3.
Proposal 4: 60 kHz subcarrier spacing is de-prioritized for PRACH in FR1, and other subcarrier spacings are to be tested.

Proposal 5: For conformance test, 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.
Proposal 6: The preamble parameters in the following table are proposed to be used. Further confirm that the sum of the timing offset configured in the test and the channel delay spread does not exceed the Ncs as well as the CP duration.
Proposal 7: Reuse the LTE metric of 0.1% false alarm probability and 99% detection probability for NR.

Proposal 8: For the exact value for time estimation error, reuse the LTE metric of 1.04us in AWGN channel, while the metric in fading channel needs further study after the channel model is decided. 
Proposal 9: Model frequency offset of 500 Hz in FR1.
4. Reference
[1] R4-1809369, Way forward on NR PRACH demodulation requirements, Ericsson, RAN4 AH 1807, Jul 2018.
[2] TS 38.211
[3] 4G LTE/LTE-Advanced for mobile broadband, Erik Dahlman, Stefan Parkvall, and Johan Sköld.

[4] R4-1808026, Way forward on NR PRACH demodulation requirements, Ericsson, Nokia, Nokia Shanghai Bell, Huawei, Samsung, RAN4 #87, May 2018.
7

_1562873428.unknown

_1565977086.unknown

_1587449854.unknown

_1587449856.unknown

_1587449858.unknown

_1593430844.unknown

_1593586421.unknown

_1587449859.unknown

_1587449857.unknown

_1587449855.unknown

_1587449852.unknown

_1587449853.unknown

_1567936407.unknown

_1562953865.unknown

_1562953887.unknown

_1565376091.unknown

_1565376573.unknown

_1562953873.unknown

_1562953831.unknown

_1562953855.unknown

_1562873438.unknown

_1562953810.unknown

_1561406242.unknown

_1562827347.unknown

_1562827508.unknown

_1562827551.unknown

_1562827603.unknown

_1562873376.unknown

_1562827569.unknown

_1562827533.unknown

_1562827367.unknown

_1561406291.unknown

_1561406322.unknown

_1561406335.unknown

_1561406305.unknown

_1561406256.unknown

_1561404018.unknown

_1561406184.unknown

_1561406229.unknown

_1561405959.unknown

_1561406003.unknown

_1561404062.unknown

_1561404034.unknown

_1561403931.unknown

_1561403974.unknown

_1561403998.unknown

_1561403957.unknown

_1561403888.unknown

_1560417484.unknown

