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1 Introduction
[bookmark: _Hlk84866164]During RAN#104bis-e meeting, WF [1] on NTN SAN demodulation requirements was approved. In this contribution, we provide the initial text proposal about NTN SAN PRACH performance requirements to TS 38.181 as per work split. The pCR R4-2217359 was endorsed in RAN4#104bis-e. 
2 Reference
[1] [bookmark: _Ref115200055]R4-2217348, WF on NTN SAN demodulation requirements, RAN4#104bis-e, Huawei, HiSilicon
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###################### Start of change #1 ###############################
[bookmark: _Toc101453642]8.4	Performance requirements for PRACH
[bookmark: _Toc21100210][bookmark: _Toc29810008][bookmark: _Toc36645401][bookmark: _Toc37272455][bookmark: _Toc45884701][bookmark: _Toc53182733][bookmark: _Toc58860517][bookmark: _Toc58863021][bookmark: _Toc61183006][bookmark: _Toc66728321][bookmark: _Toc74962197][bookmark: _Toc75243107][bookmark: _Toc76545453][bookmark: _Toc82595556][bookmark: _Toc89955587][bookmark: _Toc98774014][bookmark: _Toc106201775]8.4.1	PRACH false alarm probability and missed detection
[bookmark: _Toc21100211][bookmark: _Toc29810009][bookmark: _Toc36645402][bookmark: _Toc37272456][bookmark: _Toc45884702][bookmark: _Toc53182734][bookmark: _Toc58860518][bookmark: _Toc58863022][bookmark: _Toc61183007][bookmark: _Toc66728322][bookmark: _Toc74962198][bookmark: _Toc75243108][bookmark: _Toc76545454][bookmark: _Toc82595557][bookmark: _Toc89955588][bookmark: _Toc98774015][bookmark: _Toc106201776]8.4.1.1	Definition and applicability
The performance requirement of PRACH for preamble detection is determined by the two parameters: total probability of false detection of the preamble (Pfa) and the probability of detection of preamble (Pd). The performance is measured by the required SNR at probability of detection, Pd of 99%. Pfa shall be 0.1% or less.
Pfa is defined as a conditional total probability of erroneous detection of the preamble (i.e., erroneous detection from any detector) when input is only noise.
Pd is defined as conditional probability of detection of the preamble when the signal is present. The erroneous detection consists of several error cases – detecting only different preamble(s) than the one that was sent, not detecting any preamble at all, or detecting the correct preamble but with the out-of-bounds timing estimation value.
[bookmark: _Toc21100213][bookmark: _Toc29810011][bookmark: _Toc36645404][bookmark: _Toc37272458][bookmark: _Toc45884704][bookmark: _Toc53182736][bookmark: _Toc58860520][bookmark: _Toc58863024][bookmark: _Toc61183009][bookmark: _Toc66728324]For AWGN and NTN-TDLA100-200, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than the time error tolerance values given in table 8.4.1.1-1.
Table 8.4.1.1-1: Time error tolerance for AWGN and NTN-TDLA100-200
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN
	NTN-TDLA100-200

	0, 2
	1.25
	1.04 us
	1.33 us

	B4, C2
	15
	0.52 us
	0.81 us

	
	30
	0.26 us
	0.55 us


[bookmark: _Toc21100212][bookmark: _Toc29810010]
The test preambles for normal mode are listed in table A.6-1. 
Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2. 
[bookmark: _Toc36645403][bookmark: _Toc37272457][bookmark: _Toc45884703][bookmark: _Toc53182735][bookmark: _Toc58860519][bookmark: _Toc66782629][bookmark: _Toc74962199][bookmark: _Toc75243109][bookmark: _Toc76545455][bookmark: _Toc82595558][bookmark: _Toc89955589][bookmark: _Toc98774016][bookmark: _Toc106201777]8.4.1.2	Minimum requirement
The minimum requirement is in TS 38.108 [2] clause 8.4.1.2.
[bookmark: _Toc74962200][bookmark: _Toc75243110][bookmark: _Toc76545456][bookmark: _Toc82595559][bookmark: _Toc89955590][bookmark: _Toc98774017][bookmark: _Toc106201778]8.4.1.3	Test purpose
The test shall verify the receiver's ability to detect PRACH preamble under static conditions and multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21100214][bookmark: _Toc29810012][bookmark: _Toc36645405][bookmark: _Toc37272459][bookmark: _Toc45884705][bookmark: _Toc53182737][bookmark: _Toc58860521][bookmark: _Toc58863025][bookmark: _Toc61183010][bookmark: _Toc66728325][bookmark: _Toc74962201][bookmark: _Toc75243111][bookmark: _Toc76545457][bookmark: _Toc82595560][bookmark: _Toc89955591][bookmark: _Toc98774018][bookmark: _Toc106201779]8.4.1.4	Method of test
[bookmark: _Toc21100215][bookmark: _Toc29810013][bookmark: _Toc36645406][bookmark: _Toc37272460][bookmark: _Toc45884706][bookmark: _Toc53182738][bookmark: _Toc58860522][bookmark: _Toc58863026][bookmark: _Toc61183011][bookmark: _Toc66728326][bookmark: _Toc74962202][bookmark: _Toc75243112][bookmark: _Toc76545458][bookmark: _Toc82595561][bookmark: _Toc89955592][bookmark: _Toc98774019][bookmark: _Toc106201780]8.4.1.4.1	Initial conditions
Test environment: TBD.
[bookmark: _Toc21100216]RF channels to be tested: for single carrier: M; see clause 4.9.x.
[bookmark: _Toc29810014][bookmark: _Toc36645407][bookmark: _Toc37272461][bookmark: _Toc45884707][bookmark: _Toc53182739][bookmark: _Toc58860523][bookmark: _Toc58863027][bookmark: _Toc61183012][bookmark: _Toc66728327][bookmark: _Toc74962203][bookmark: _Toc75243113][bookmark: _Toc76545459][bookmark: _Toc82595562][bookmark: _Toc89955593][bookmark: _Toc98774020][bookmark: _Toc106201781]8.4.1.4.2	Procedure
1)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to all SAN antenna connectors for diversity reception via a combining network as shown in annex D.5 and D.6 for SAN type 1-C and BS type 1-H respectively.
2)	Adjust the AWGN generator, according to the SCS and channel bandwidth.

Table 8.4.1.4.2-1: AWGN power level at the SAN input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	[-83.5] dBm / 4.5MHz

	30 
	10
	[-80.6] dBm / 8.64MHz

	NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes, the AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.



[bookmark: _MON_1599395227]3)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in annex A and the test parameter msg1-FrequencyStart is set to 0.
4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex G.
5)	Adjust the frequency offset of the test signal according to table 8.4.1.5-1 or 8.4.1.5-2 or 8.4.1.5-3.
6)	Adjust the equipment so that the SNR specified in table 8.4.1.5-1 or 8.4.1.5-2 or 8.4.1.5-3 is achieved at the SAN input during the PRACH preambles.
7)	The test signal generator sends a preamble, and the receiver tries to detect the preamble. This pattern is repeated as illustrated in figure 8.4.1.4.2-1. The preambles are sent with certain timing offsets as described below. The following statistics are kept: the number of preambles detected in the idle period and the number of missed preambles.


Figure 8.4.1.4.2-1: PRACH preamble test pattern
The timing offset base value for PRACH preamble format 0 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 for PRACH preamble format 0 and format 2 is presented in figure 8.4.1.4.2-2.


Figure 8.4.1.4.2-2: Timing offset scheme for PRACH preamble format 0 and format 2
The timing offset base value for PRACH preamble format B4 and C2 is set to 0. 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 0.8 us. Then the loop is being reset and the timing offset is set again to 0. The timing offset scheme for PRACH preamble format B4 and C2 is presented in figure 8.4.1.4.2-3.


Figure 8.4.1.4.2-3: Timing offset scheme for PRACH preamble format B4 and C2
[bookmark: _Toc21100217][bookmark: _Toc29810015][bookmark: _Toc36645408][bookmark: _Toc37272462][bookmark: _Toc45884708][bookmark: _Toc53182740][bookmark: _Toc58860524][bookmark: _Toc58863028][bookmark: _Toc61183013][bookmark: _Toc66728328][bookmark: _Toc74962204][bookmark: _Toc75243114][bookmark: _Toc76545460][bookmark: _Toc82595563][bookmark: _Toc89955594][bookmark: _Toc98774021][bookmark: _Toc106201782]8.4.1.5	Test requirement for Normal Mode
Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRs in tables 8.4.1.5-1 to 8.4.1.5-3.
Table 8.4.1.5-1: PRACH missed detection test requirements for Normal Mode, 1.25 kHz SCS
	Number of TX 
	Number of RX 
	Propagation conditions 
and correlation matrix (annex G)
	Time error tolerance
	Frequency offset
	SNR (dB)

	antennas
	antennas
	
	
	
	Burst format 0
	Burst format 2

	1
	1
	AWGN
	1.04 us
	0
	TBD
	TBD

	
	
	NTN-TDLA100-200 Low
	1.33 us
	200 Hz 
	TBD
	TBD

	
	2
	AWGN
	1.04 us
	0
	TBD
	TBD

	
	
	NTN-TDLA100-200 Low
	1.33 us
	200 Hz 
	TBD
	TBD



Table 8.4.1.5-2: PRACH missed detection test requirements for Normal Mode, 15 kHz SCS
	Number of TX 
	Number of RX 
	Propagation conditions 
and correlation matrix (annex G)
	Time error tolerance
	Frequency offset
	SNR (dB)

	antennas
	antennas
	
	
	
	Burst format B4
	Burst format C2

	1
	1
	AWGN
	0.52 us
	0
	TBD
	TBD

	
	
	NTN-TDLA100-200 Low
	0.81 us
	200 Hz 
	TBD
	TBD

	
	2
	AWGN
	0.52 us
	0
	TBD
	TBD

	
	
	NTN-TDLA100-200 Low
	0.81 us
	200 Hz 
	TBD
	TBD



Table 8.4.1.5-3: PRACH missed detection test requirements for Normal Mode, 30 kHz SCS
	Number of TX 
	Number of RX 
	Propagation conditions 
and correlation matrix (annex G)
	Time error tolerance
	Frequency offset
	SNR (dB)

	antennas
	antennas
	
	
	
	Burst format B4
	Burst format C2

	1
	1
	AWGN
	0.52 us
	0
	TBD
	TBD

	
	
	NTN-TDLA100-200 Low
	0.81 us
	200 Hz 
	TBD
	TBD

	
	2
	AWGN
	0.52 us
	0
	TBD
	TBD

	
	
	NTN-TDLA100-200 Low
	0.81 us
	200 Hz 
	TBD
	TBD




###################### End of change #1 ###############################
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