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1	Introduction
With the completed Rel-13 NB-IoT work in RAN1 and RAN2 [1][2][3][4], RAN4 has started the performance specification work in last meeting.  For uplink, both NPUSCH and NPRACH are under discussion for specification of performance requirements.
On NPRACH performance, we have provided simulation studies in [5][6] to indicate a significant performance gap between NPRACH detection performance and ToA timing estimation performance.  We also showed that parameters such as cell-ID and signature are important to evaluate NPRACH performance [7].
In the last RAN4 ad hoc meeting, a WF on simulation assumption on WF is agreed in [8].  Following the simulation assumptions, we provides further analysis on the impact of ToA timing estimation with simulation results.  We also have new proposals on NPRACH performance specification.

2	Overview of NPRACH
We follow our discussion in [7] to have the NPRACH overview.
As defined in RAN1 [1][2], NB-IoT’s RACH, called NPRACH, is a preamble based channel with single tone (3.75kHz).  One symbol group of NPRACH consists of a sequence of 5 identical symbols and a cyclic prefix (CP).  The symbol groups are frequency hopped, and one NPRACH (with repetition=1) includes 4 symbol groups.
A detailed NPRACH time/frequency structure is shown in Figure 1 with the NPRACH with repetition=2.  Note that the 2nd symbol group has hopped one subcarrier (3.75kHz) from the first symbol group.  And the 3rd symbol group has hopped 6 subcarriers (6 x 3.75=22.5kHz) from the 2nd symbol group.  A random frequency hopping is applied between two NPRACH symbols (between the 4th and the 5th symbol groups).  The random hopping distance is a pseudo-random (PR) number, which uses cell-ID as its initial seed [2].
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[bookmark: _Ref454096115]Figure 1    NPRACH symbols and group hopping
There are two important parameters for an NB-IoT UE to select a specific NPRACH: the hopping distance and the signature.  The hopping distance is the distance between two NPRACH blocks when the repetition >=2.  The signature is the initial subcarrier of the 1st symbol group.  It has been shown in [7] that NPRACH ToA estimation performance has strong dependency on the choice of the hopping distance and the signature.  
3	Further NPRACH performance evaluation
As discussed in our previous contribution [5], two performance criteria shall be used to evaluate NPRACH performance:
i) Missed detection rate , with a target false alarm rate ;
ii) UL timing accuracy, defined as , where  is timing estimation error, and  is the maximum timing estimation limit.
The first requirement defines the acceptable PRACH detection performance.  From legacy LTE requirements, the missed detection rate shall be and the target false alarm rate shall be .  The 2nd requirement defines the accuracy of ToA (timing of arrival) so that timing advance information can be correctly estimated.  For LTE PRACH,  is 1 or 2 us depending on the channel model and the  is in the order of 1e-4.  However, this is not the case for NPRACH.
The impact of wrong timing estimation is quite severe.  When a NPRACH detection happens with a wrong timing estimate, the corresponding DL message will contains wrong timing information for UE.  With the wrong timing information, the eNB won’t be able to detect further UL message.  After UE time-out additional NPRACH access would be required.  This will cause additional latency and inferior network performance.
3.1	Total timing error probability
In order to investigate the overall impact of wrong timing estimation, we introduce a new metric, called total timing error probability.  The total timing error probability  is defined as

and 

The total timing error probability measures the probability of a valid detection with wrong timing estimation.
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[bookmark: _Ref458764253]Figure 2    NPRACH performance with 2 repetitions, Pfa=1e-3
Simulation results of NPRACH detection with , , and  are shown in Figure 2 for both AWGN (blue curves) and TU1 channel (red curves).  It can be observed that
· AWGN (blue): worse ToA estimation: , and ;
· TU1 (red): better ToA estimation: , and .
Following this, we have these observations, at least for 2 repetitions.
Observation 1:	Total timing error probability is significantly higher than focused target.
Observation 2:	Timing error estimation for AWGN is worse than TU1 due to the lower SNR region.
Further simulations are also conducted for other repetitions as well.  The summary results of total timing error probability are shown in Table 1 for all repetition numbers.  We also listed the case at lower and higher SNR points from the  SNR point.  The worse case  are also listed in the table.
[bookmark: _Ref458765891]Table 1    Total timing error probability (5us accuracy limit) performance
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From this table, it can be seen that ToA performance is worse than NPRACH detection performance in general for AWGN channel.  If the total timing error probability has be kept under 5%, the repetition level has to be greater than 2 and the SNR operation point has be higher than the point of =1%.
In summary, we can observe that:
Observation 3:	For AWGN, ToA performance is worse than the NPRACH detection performance.
Observation 4:	Depending on timing limits, the number of repetitions and channel model, the gap between  and  is several dB.
The wrong timing estimation is more critical for NPRACH.  This factor must be considered for NPRACH performance specification.
3.2	NPRACH performance requirements
Based on the analysis on NPRACH detection performance and timing estimation performance, we shall consider these proposals to specify NPRACH performance requirements.
Both  and  shall be used to specify the required SNR values for NPRACH performance requirements.  We shall define the SNR value as the minimum performance requirement, where both  and , under the condition of .  Under this condition, from Figure 2, we can pick SNR=-0.5dB as the requirements, where the Pmd=1% at -2.6dB, and Pte=1% at SNR=-0.5dB, for AWGN channel.
Proposal 1:	Define the SNR value at the minimum performance requirement for NPRACH to satisfy both  and 
From our simulations shown in previous contributions and in Table 1, it is reasonable to pick timing limit at 5us for .  Tighter than 5us, such as 2.5us, won't be accepted within reasonable requirements.  
Proposal 2:	Set timing limit=5us for timing estimation error probability .
From simulation results, it can be shown the low repetitions such as #Rep=1 and #Rep=2 will have very poor performance for detection and timing estimation.  It is reasonable to pick the repetition number >=4 for NPRACH performance requirements.
Proposal 3:	Pick #Rep>=4 for NPRACH performance requirement specification.
4	Summary and conclusions
Further simulation results, together with the performance of total timing error probability, are provided in the contribution to study possible specification for NPRACH performance requirements.  From our study, we have these observations:
Observation 1:	Total timing error probability is significantly higher than focused target.
Observation 2:	Timing error estimation for AWGN is worse than TU1 due to the lower SNR region.
Observation 3:	For AWGN, ToA performance is worse than the NPRACH detection performance.
Observation 4:	Depending on timing limits, the number of repetitions and channel model, the gap between  and  is several dB.
Based on these observations, we propose:
Proposal 1:	Define the SNR value at the minimum performance requirement for NPRACH to satisfy both  and 
Proposal 2:	Set timing limit=5us for timing estimation error probability .
Proposal 3:	Pick #Rep>=4 for NPRACH performance requirement specification.
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