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Pseudo CR 45.820 – N-GSM, Network Synchronisation Performance evaluation 
[bookmark: _Ref177802497]1	Introduction
1.1	Background Information
A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62 [1]. The N-GSM candidate solution as part of the GSM evolution track has been introduced in the TR [2] in [3].
1.2	Reason for change
One of the performance objective mentioned in the study item is to evaluate the network synchronisation performance of the candidate solution in terms of network synchronisation time, residual frequency/ time offset and false detection ratio as well as missing ratio. This contribution deals with this topic.
1.3	Summary of change
This contribution includes text to be included in the TR in section 6.3.8.2 related to network synchronisation performance of the N-GSM candidate solution. The content is based on the concept paper in [3].
1.4	References
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[2]	TR 45.820 v1.4.0, “Draft TR on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source Rapporteur  
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[bookmark: _Toc420569457]6.3.8  	Concept evaluation	 
6.3.8.2 	Network Synchronization 
This section depicts the coverage performance of channels used for network synchronization, namely the FCCH used for frequency synchronization and the N-SCH used for time synchronization.
6.3.8.2.1 	Evaluation Methodology
The network synchronization performance is evaluated according to the methodology specified in clause 5.6 and the simulation assumptions in Annex C. 
6.3.8.2.2 	Simulation Assumptions
Simulation assumptions for evaluating N-SCH performance are depicted in table 6.3.8.2-1 below. 
	Parameter
	Value

	Logical Channel
	N-SCH

	Channel profile
	TU

	Mobile speed
	1.2 km/h

	Band 
	GSM 900

	Number of repetitions
	5

	Frequency error offset
	N(0,45 Hz) for MCL=154 dB and MCL=164 dB

	Time error offset
	N(0,3.5 sym) for  MCL=154 dB and MCL=164 dB

	Number of N-SCH Blocks
	40000


Table 6.3.8.2-1: Simulation Assumptions for N-SCH performance evaluation.





NOTE: Frequency error offset and time error offset refer to the instant when N-SCH decoding is started after FCCH synchronization as per [6.3-2].

6.3.8.2.3 	Sensitivity
For the FCCH channel, coupling loss scenarios up to the target MCL of 164 dB are reported in section 6.2.5 to be satisfied  (i.e. the PSD of the FB at MCL is at least 10 dB increased versus the noise floor). Thus the consideration is limited here to the coverage performance for the N-SCH channel.
Figure 6.3.8.2-1 depicts the sensitivity performance for N-SCH. N-SCH is observed to achieve 10% BLER at 164 dB MCL for TU1.2nFH, corresponding to Es/No=-6.3 dB with a negative margin of only 0.5 dB. Nevertheless it is expected that N-SCH allows for fast enough synchronization for coverage constrained CIoT devices.
[image: ]
Figure 6.3.8.2-1: N-SCH coverage performance for TU1.2nFH (BLER vs Es/No).

In addition to the above reported result, it is also observed that N-SCH coverage performance is significantly better in other legacy GSM radio propagation conditions (TU50, RA250 and HT100) compared to TU1.2noFH. 

6.3.8.2.4 	Synchronization Time
As per Study Item objective network synchronization is defined as the equivalent of acquisition of FCCH+SCH for GSM. Network synchronization is evaluated with one (equivalent of) BCCH carrier for initial cell search and cell re-confirmation. The timing of the broadcast carrier is assumed to be unknown, and uniformly distributed for initial cell search. For N-GSM network synchronisation is performed via FCCH + N-SCH reception. 
6.3.8.2.4.1 	Frequency Synchronization using FCCH 
The FCCH is mapped to TN 0 on the BCCH carrier and is received every 10th or 11th TDMA frame, hence 5 instances are sent in one 51-multiframe. Sufficient frequency synchronisation is achieved by receiving 10 FCCH bursts, sent in two 51-multiframes, see table 6.3.8.2-1. Thus the overall delay for frequency synchronization is 470.8 ms.
6.3.8.2.4.2 	Time Synchronization using N-SCH 
The synchronisation time for N-SCH is evaluated for various coupling loss scenarios in this section. The time taken to acquire the 10 FCCH bursts is not included in the simulation results in this section.
Following assumptions are taken in the simulation for achieving synchronisation on N-SCH:
· The TDMA frame number at which MS starts to detect frame boundary is randomly chosen between [0…51]. Depending on the starting TDMA frame number, time taken to detect the frame boundary for N-SCH Block decoding is noted as T1.
· If the N-SCH decoding is successful based on single N-SCH block, the synchronisation time needed for this N-SCH block is calculated as T1 +11 TDMA frames.
· If N-SCH decoding required more than one N-SCH block, the synchronisation time needed is calculated as T1+11 + (M-1)*20 TDMA frames where M is number of N-SCH  blocks required for successful decoding.
· If the N-SCH decoding requires chase combining of more than one 51-multiframe contents, the synchronisation time is increased by one additional 51-multiframe if the starting 51-multiframe is odd frame. The starting 51-multiframe in simulation is randomly selected between odd/even for each block.
Figure 6.3.8.2-2 and figure 6.3.8.2-3 below reproduce the CDF function for the N-SCH synchronisation time in TDMA frames for MCL=164 dB and MCL=154 dB.
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Figure 6.3.8.2-2: N-SCH Decoding Time (in TDMA frames) CDF for MCL=164 dB.
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Figure 6.3.8.2-3: N-SCH Decoding Time CDF (in TDMA frames) for MCL=154 dB.
It is observed that at target MCL conditions the N-SCH synchronisation time corresponding to 95% percentile is 923 ms (Figure 6.3.8.2-2). For MCL=154 dB condition the N-SCH synchronisation time reduces to 350 ms (Figure 6.3.8.2-3).
Figure 6.3.8.2-4 provides the average N-SCH synchronisation time for various MCL values in the range from MCL=154 dB to MCL=164 dB.
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Figure 6.3.8.2-4: Average N-SCH synchronization time (TDMA frames) for  MCL range [154…164 dB].
In the above simulation for MCL=164 dB coverage condition: in 86% of the cases N-SCH detection is possible within 2*51 multiframes. For the remaining 14% blocks the successful decoding will be possible within one or more additional 51 multiframes. The probability of missing N-SCH decoding after 4*51-multiframes is found to be negligible (<0.01%).  
6.3.8.2.4.3 	Network Synchronization Time 
Based on the above results, Table 6.3.8.2-2 below depicts the average and the 95th percentile network synchronization times for both coverage scenarios. 
Note, FCCH acquisition time refered in the table 6.3.8.2-2 refers to the average FCCH acquisition time as specified in [6.3-2], i.e. 567 ms.
Table 6.3.8.2-2: Average and 95 percentile network synchronisation times.
	MCL [dB] 
	Average N-SCH synchronisation time
	95th Percentile  N-SCH synchronisation time
	Average Network synchronization time     (N-SCH + FCCH)
	95th Percentile Network synchronization time (N-SCH + FCCH)

	164 dB
	503 ms
	923 ms
	1070 ms
	1490 ms

	154 dB
	226 ms
	350 ms
	793 ms
	917 ms



6.3.8.2.4.4 	Conclusion
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As per the above simulation results, average network synchronization time for cell reconfirmation at MCL=164 dB is 978 ms. Average network synchronization time at MCL=154dB is 696 ms. 
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