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Introduction
Preliminary missed detection requirements for NPRACH FDD preamble format 2 were agreed at RAN4 #90 in [1]. 
This contribution lists the proposals for performance requirements from the sourcing companies based on simulation results and provides a reasoning for the deviation from the preliminary requirements.
Simulation results 
Simulations were carried out for NPRACH FDD preamble format 2 as specified in 3GPP TS 36.211. The results including impairments are shown in Table 1.
Table 1: Simulation results for missed detection for NPRACH FDD preamble format 2
	Number of TX antennas
	Number of RX antennas
	Repetition number
	Propagation conditions and correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	
	FDD preamble format 2

	1
	2
	8
	AWGN
	0
	-0.6

	
	
	
	EPA1 Low
	200 Hz
	9.4

	
	
	32
	AWGN
	0
	-4.7

	
	
	
	EPA1 Low
	200 Hz
	3.0



Discussion
Performance Comparison
The above results are compared to preliminary performance requirements in 36.104 shown in Table 2.  
Table 2: Comparison to preliminary requirement for NPRACH FDD preamble format 2
	Number of TX antennas
	Number of RX antennas
	Repetition number
	Propagation conditions and correlation matrix (Annex B)
	Frequency offset
	SNR [dB]
Nokia proposal 
	SNR [dB] Preliminary requirement (36.104)

	
	
	
	
	
	FDD preamble format 2
	FDD preamble format 2

	1
	2
	8
	AWGN
	0
	-0.6
	[-3.9]

	
	
	
	EPA1 Low
	200 Hz
	9.4
	[6.4]

	
	
	32
	AWGN
	0
	-4.7
	[-8.2]

	
	
	
	EPA1 Low
	200 Hz
	3.0
	[-0.3]



It is observed that there is a difference of 3 to 3.5 dB between our results and the preliminary requirements. 
For instance, comparing the performance for NPRACH FDD preamble format 2 against preamble format 0 for the AWGN channel, the delta SNR’s are depicted in Table 3.
Table 3: Comparison of performance between NPRACH FDD preamble format 0 and 2 (AWGN).
	Number of TX antennas
	Number of RX antennas
	Repetition number
	Propagation conditions and correlation matrix (Annex B)
	Frequency offset
	SNR [dB]
(36.104)
	Delta SNR [dB]
Nokia proposal 
	Delta SNR [dB] Preliminary requirement (36.104)

	
	
	
	
	
	FDD Preamble format 0
	FDD Preamble format 2
	FDD Preamble format 2

	1
	2
	8
	AWGN
	0
	-2.1
	1.5
	-1.8

	
	
	32
	AWGN
	0
	-6.8
	2.1
	-1.4



It can be seen that delta SNR has a different sign for our results and preliminary figures. Let’s compare both formats in a rough analytical way. NPRACH demodulation performance is achieved by coherently combining symbols in the same symbol group and non-coherently combining symbols of different symbol groups. The non-coherent gain is assumed to be half of the coherent gain. Furthermore, the same modulation scheme (QPSK) is used. The comparison analysis is shown in Table 4. 
Table 4: Comparison of preamble gain for NPRACH FDD preamble format 0 and 2 (AWGN).
	Parameter
	FDD preamble format 0
	FDD preamble format 2

	Number of symbols in symbol group N
	5
	3

	Number of symbol groups per preamble P 
	4
	6

	Number of subcarriers in 45 kHz narrow band
	12
	36

	Coherent gain in symbol group 
	7 dB (=10 * log10(5))
	4.8 dB (=10 * log10(3))

	Non-coherent gain between symbol groups
	3 dB (= 0.5 * 10 * log10(4)) 
	3.9 dB (= 0.5 *10 * log10(6))

	Total gain of preamble over symbol
	10 dB
	8.7 dB



Table 4 depicts a difference of 1.3 dB in the total gain for the above taken assumptions. This means that for AWGN channel a relative loss of 1.3 dB is observed for NPRACH FDD preamble format 2 versus NPRACH FDD preamble format 0. Even in the unrealistic case, there was no performance degradation for non-coherent combining, a loss L = 10 * log10(20/18) = 0.5 dB is expected. Thus, it is not plausible to assume improved performance for NPRACH FDD preamble 2 versus preamble 0 as given in the preliminary requirements. 
It is not plausible to assume improved performance for NPRACH FDD preamble 2 versus preamble 0 as given in the preliminary requirements.
Agree the proposed figures from Nokia in Table 1 for updated preliminary requirements.

SNR definition for NPRACH 
Moreover, the SNR definition in TS 36.104 states in subclause 8.1, General, the following:
Extract of TS 36.104, subclause 8.1:
Performance requirements for the BS are specified for the fixed reference channels defined in Annex A and the propagation conditions in Annex B. The requirements only apply to those FRCs that are supported by the base station.
Unless stated otherwise, performance requirements apply for a single carrier only. Performance requirements for a BS supporting carrier aggregation are defined in terms of single carrier requirements. For FDD operation the requirements in clause 8 shall be met with the transmitter(s) on.
NOTE:	In normal operating conditions the BS in FDD operation is configured to transmit and receive at the same time. The transmitter may be off for some of the tests as specifed in 36.141 [4].
The SNR used in this clause is specified based on a single carrier and defined as:
SNR = S / N
Where:
S	is the total signal energy in the subframe on a single antenna port.
N	is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a subframe.
For enhanced performance requirements type A and type B, the SINR used in this clause is specified based on a single carrier and defined as:


Where:

	is the total signal energy of one intra-cell UE in the subframe on a single antenna port.


	is the summation of the received energy of the strongest inter-cell interferers explicitly defined in a test procedure plus the white noise energy N, in a bandwidth corresponding to the transmission bandwidth over the duration of a subframe on a single antenna port. The respective energy of each inter-cell interferer relative to  is defined by its associated DIP value.
End of extract
As NPRACH transmission is not aligned to subframes, e.g. symbol groups have a duration of 1.6 ms for NPRACH FDD preamble format 1 and 1.4 ms for NPRACH FDD preamble format 0, the SNR definition needs to be adjusted for the NPRACH. 
It is proposed to change the highlighted part of the extract above to: 
S	is the total signal energy in the subframe, or, in case of NPRACH, in the random access symbol group on a single antenna port.
N	is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a subframe, or, in case of NPRACH, of a random access symbol group.
Furthermore, the SNR requirement is derived based on noise energy in the transmission bandwidth, which according to the definition in subclause 3.1, Definitions, is:   
Extract of TS 36.104, subclause 3.1:
Transmission bandwidth: RF Bandwidth of an instantaneous transmission from a UE or BS, measured in resource block units.
End of extract
This means, since the instantaneous transmission is used for the definition, any hopping gain of the signal in the 45 kHz hopping range, or the lower subcarrier spacing for NPRACH FDD preamble 2 will not impact on the SNR definition. 
[bookmark: _Hlk509832434]The current SNR definition does not cover the NPRACH case and thus should be adjusted. 
Agree the changes to SNR definition in TS 36.104 as depicted in section 3.2.
Conclusion
This contribution lists our proposals for performance requirements for NPRACH FDD preamble 2, introduced in 3GPP Rel-15. It is proposed to agree the following proposals:
1. Agree the proposed figures from Nokia in Table 1 for updated preliminary requirements.
Agree the changes to SNR definition in TS 36.104 as depicted in section 3.2.
The companion CRs are submitted in [2] and [3].
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