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Introduction
In the previous RAN4 meetings the scope of HST FR2 BS demodulation performance requirements was limited to the following three areas:
· PUSCH requirements
· UL timing adjustment requirements
· PRACH requirements
The latest RAN4#99-e meeting discussions are summarized in the email summary [1].
In this paper, we focus on the details of the HST FR2 BS test setup for PRACH. We share our views mainly about timing offset configuration and verify previous agreements on Ncs and time error tolerance.


Discussion
General
At RAN4#99-e, the following agreements and open issues were listed in the WF [2]:
	· Frequency offset 
· 19444Hz with 350km/h at 30GHz carrier frequency
· Test Preamble Configuration for Ncs
· Ncs =0 as baseline
· Timing offset configuration
· Option 1: Reuse Rel-15 FR2 timing offset configuration for PRACH, i.e., 0.8us
· Option 2: Update the timing offset configuration based on the largest expected cell radius, i.e., derived from scenario B
· Note 
· Scenario A  (Ds=700m, Dmin=10m), cell radius = 700m
· Scenario B  (Ds=700m, Dmin=150ms), cell radius = 716ms
· Timing error tolerance 
· 0.07us for AWGN, as a default value for 120KHz SCS



PRACH detection requirements for high-speed train in FR1 are defined in TS 38.104, Clause 8.4.2.3:
	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. For AWGN, TDLC300-100 and TDLA30-10, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than the time error tolerance given in Table 8.4.2.1-1.

The probability of detection shall be equal to or exceed 99% for the SNR...



At RAN4#98-bis-e meeting it was agreed that only C2 PRACH format shall be used in HST FR2 PRACH requirements [3]. The parameters of C2 format are defined in Table 6.3.3.1.-2 of TS 38.211:
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	C2
	139
	1151
	571
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Test preamble configuration
Theoretically, maximum supported cell size (radius) can be estimated as follows:

where GT is guard time, CP is cyclic prefix, and c is light speed that equals 3*10^8 m/s.
For C2 PRACH format with 120KHz SCS, μ=3 and
· DelaySpread of AWGN channel equals 0. However, we can consider the worst-case scenario with the delay spread equal to PUSCH normal CP length of about 0.59.
· CP = . Correspondingly, CellSize = 1.2km.
· GP = . Correspondingly, CellSize = 1.8km.
Additionally,  is the cyclic shift interval and is configured via the parameter zeroCorrelationZoneConfig. In general, different cell sizes can be supported with different , and the maximum cell size can evaluated as

where
·  is the PRACH sequence length
· 
· We can assume again that Worst-case DelaySpread=0.59
With Ncs =0 which means the largest cyclic shift of the sequence equal to its length (139), the maximum cell range is about 1.15km.
Therefore, we can conclude that with current PRACH parametrization for maximum cell size can be over 1km, what essentially includes the considered inter-RRH distances of around 700m.

Ncs =0 is a fail-safe choice for PRACH format C2 requirements in HST FR2 deployments.
Use Ncs =0 in PRACH requirements for HST FR2 scenarios.

Timing offset configuration
The value 0.8us of maximum timing offset currently configured in the TS 38.141-2 for FR2 PRACH test setup is relying on the fact that unified timing offset scheme for all the preamble formats was defined. In particular, it was taken into account that the maximum value of timing offset shall not be over than the length of the PRACH CP for format A1 [4], [5].
Since it was agreed to consider only PRACH format C2 for HST FR2, there is no need to take other PRACH formats into account, and the maximum timing offset value can be reconsidered.
Maximum timing offset that can be configured in the test for C2 format, Ncs=0, SCS 120kHz in AWGN channel (0 delay spread) can be evaluated as the minimum between Ncs length and CP length:
· Ncs length is  
· CP length was already calculated in the previous section and also equals .
Therefore, the configured maximum timing offset in the test should stay within .
Taking the HST FR2 cell size into account, i.e. 716m, the maximum one-way propagation delay is 716/(3*10^8) = 2.3us. If we assume that a CPE is synchronized only to the DL signal before any timing advance command was sent, then it might send the PRACH preamble based on DL reference only. Then, the maximum time offset of received PRACH preamble at 716m can be 4.6us. 
The maximum time offset of the received PRACH preamble can be up to roundtrip from RRH to the CPE and equals 4.6us. This value is within the maximum timing offset of 8.3us that can be tolerated with current PRACH setting (C2 format, Ncs=0, 120kHz SCS).
Configure the maximum timing offset (i.e. the end of the tested range) in HST FR2 testing setup equal to 4.6us.

Regarding the step of timing offset within the maximum limits, it should not be selected shorter than the step of timing advance adjustment command defined in TS 38.11 as . For 120kHz SCS it equals 0.065us. The value above that can be easily achieved if the reasonable amount of timing offset steps is selected.
Set the timing offset start value for PRACH preamble to 0.
Increase timing offset in PRACH HST FR2 test within the loop by adding in each steps a value of 0.46us until the end of the tested range.

Time error tolerance
Following the NR PRACH requirements discussions in Rel. 15 [6], 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. Two aspects are considered:
1. The allowed time estimation error should not exceed the PUSCH/PUCCH/SRS cyclic prefix (CP) length.
a. The PUSCH CP length at 120kHZ SCS is about 0.59us. 20% of this value that guarantees the reliable reception of PUSCH is around 0.12us.
2. The allowed time estimation error shall be larger than the time resolution of PRACH signals.
a. For short format C2 PRACH sequence, the signal time resolution would be 1/(15kHz*139)/=0.48us/8=0.06us.
Following the logics above and adding a small margin, the time error tolerance in AWGN channel is fixed in TS 38.104, Clause 11.4.2.2 at 0.07us – 120kHz SCS.
The time error tolerance of 0.07us proposed for HST FR2 PRACH testing agrees with former PRACH configuration considerations.


Conclusion
In the contribution, we verified the parameters of the HST FR2 BS test setup for PRACH.
The following observation and proposal were made:
On test preamble configuration:
1. Ncs =0 is a fail-safe choice for PRACH format C2 requirements in HST FR2 deployments.
1. Use Ncs =0 in PRACH requirements for HST FR2 scenarios.

On timing offset configuration:
The maximum time offset of the received PRACH preamble can be up to roundtrip from RRH to the CPE and equals 4.6us. This value is within the maximum timing offset of 8.3us that can be tolerated with current PRACH setting (C2 format, Ncs=0, 120kHz SCS).
Configure the maximum timing offset (i.e. the end of the tested range) in HST FR2 testing setup equal to 4.6us.
Set the timing offset start value for PRACH preamble to 0.
Increase timing offset in PRACH HST FR2 test within the loop by adding in each steps a value of 0.46us until the end of the tested range.

On time error tolerance:
The time error tolerance of 0.07us proposed for HST FR2 PRACH testing agrees with former PRACH configuration considerations.
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