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1. Introduction

NR BS demodulation requirements was discussed in the last meeting, and an way forward was agreed in [1]. This contribution presents our views on NR PRACH demodulation requirements.

2. Discussion
1) MIMO
According to TS 38.211, single antenna port transmission are defined for NR PRACH, thus 1 Tx antenna can be set in the demodulation test. For FR1 BS receiver with conducted test, similarly to LTE PRACH tests, it is suggested to cover 2, 4 and 8 Rx antennas for NR PRACH demodulation requirements.
Proposal 1: Cover 1 Tx antenna and 2/4/8 Rx antennas.

2) Performance metric
As known, the main purpose of the PRACH transmission is to indicate to the BS the presence of a random access attempt and to allow the BS to estimate the delay between the BS and the UE. Thus for PRACH reception performance, three aspects should be measured: false alarm when input is only noise, correct preamble detection and correct timing estimation.

In LTE PRACH performance measurement, at most 0.1% false alarm probability and at least 99% detection probability are defined. Regarding the detection probability, it is defined in TS 36.104 that:

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. For AWGN, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 1.04us. For ETU70, 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.
The metric of 0.1% false alarm probability and 99% detection probability can be reused for NR, while the exact value for time estimation error needs further discussion when the propagation conditions are defined for NR PRACH tests.
Proposal 2: Reuse the metric of 0.1% false alarm probability and 99% detection probability for NR, and the exact value for time estimation error needs further discussion.
3) 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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For these preamble formats, the main differences are in: preamble sequence length, time duration of preamble, time duration of CP and guard period, sub-carrier spacing. The CP and guard period are used to handle the receiving timing uncertainty at BS, since uplink synchronization has not been established prior to random access. With a larger duration of CP and guard period, the preamble can applied in a cell with larger radius.
Actually, the propagation time between the UE and BS is not modeled in LTE PRACH test. So if the only difference between two PRACH formats is in the duration of CP and guard period, the resulted PRACH demodulation performance difference is expected to be very small. This can be confirmed if we compare the performance between LTE PRACH format 0 and 1, and between LTE PRACH format 2 and 3.
Based on this point, we may select one preamble respectively from preamble set of {A1, B1}, {A2, B2, C2}, {A3, B3}. But one thing to be further checked is that: if preamble format A1 is selected from set {A1, B1}, how to conduct the test if one BS supports format B1 but not supports A1? If all the preamble formats are to be implemented by BS equipment, this is not an issue anymore. Anyway, the feedback from BS manufacture is needed.
Proposal 3: If BS is requested to implement all the preamble formats, cover preamble format 0, 1, 2, 3, A1, A2, A3, B4, C0 in demodulation test.

4) Sub-carrier spacing for preamble with short sequence
For preamble with short sequence, different sub-carrier spacings are supported. The supported combinations of PRACH sub-carrier spacing and PUSCH sub-carrier spacing are specified in TS 38.211 and copied below.
Table 3: Supported combinations of 
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So it is seen that in FR1, assuming that none of the sub-carrier spacings are precluded as proposed in our companion contribution [2], 15 kHz, 30 kHz and 60 kHz sub-carrier spacing need to be covered for preamble with short sequence.
Proposal 4: Cover 15 kHz, 30 kHz and 60 kHz sub-carrier spacing for preamble with short sequence.

5) 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) in PRACH demodulation test.
Proposal 5: Model frequency offset of 500 Hz.
3. Conclusions

This contribution presented our views on NR PRACH demodulation requirements, and had the following proposals:
Proposal 1: Cover 1 Tx antenna and 2/4/8 Rx antennas.

Proposal 2: Reuse the metric of 0.1% false alarm probability and 99% detection probability for NR, and the exact value for time estimation error needs further discussion.
Proposal 3: If BS is requested to implement all the preamble formats, cover preamble format 0, 1, 2, 3, A1, A2, A3, B4, C0 in demodulation test.

Proposal 4: Cover 15 kHz, 30 kHz and 60 kHz sub-carrier spacing for preamble with short sequence.

Proposal 5: Model frequency offset of 500 Hz.
4. Reference
[1] R4-1806015, Way forward on NR BS demodulation performance, Huawei, Nokia, Nokia Shanghai Bell, Ericsson, Samsung, RAN4 #86bis, Apr 2018.
[2] R4-1806371, General views on NR BS demodulation requirements, China Telecom, RAN4 #87, May 2018.
4

_1562873428.unknown

_1565977086.unknown

_1587449854.unknown

_1587449856.unknown

_1587449858.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

