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Introduction
This contribution depicts the N-SCH design and its performance for the N-GSM concept proposal included into TR 45.820 [1]. 
Section 2 describes various design aspects such as burst format, mapping on the N-CCCH multiframe (51-multiframe) and encoding. Performance is investigated in section 3 in terms of BLER performance and network synchronisation time and further proceeding is outlined in the conclusion in section 4. This document contains a revision of [2] with updates highlighted in blue color.

DESIGN FOR N-SCH
This section describes the N-SCH design including burst format and mapping on to the 51-multiframe structure. N-SCH is designed to allow fast synchronisation at MCL=164 dB with chase combining and possibility to decode synchronisation information nearly as quickly as with the existing SCH. 
N-SCH burst format
Coverage for synchronisation channel is expected to be improved by 20 dB with narrow band symbol sequences versus legacy SCH. With the new N-CCCH structure as depicted in Figure 1 in section 2.2 it is possible to carry 10 synchronisation bursts with 20 bits payload each for synchronisation over N-SCH in one 51 multiframe period. The burst structure of the legacy synchronisation burst and the proposed hybrid modulation burst for synchronisation are given in Table 1. 
	Burst Content
	Synchronisation burst for legacy SCH
	Synchronisation burst for N-SCH 

	Front tail symbols
	3
	3

	Payload symbols (first part)
	39
	40 (5 NB sequences of 8 symbols)

	Training Sequence
	64
	62

	Payload symbols (second part)
	39
	40 (5 NB sequences of 8 symbols)

	Tail symbols
	3
	3

	Guard period
	8.25
	8.25



Table 1:  Burst format for N-SCH versus legacy SCH.

The TSC for the N-SCH burst is derived from the 64 bit legacy SCH TSC cutting the outer two symbols and bit order reversed.    
[bookmark: _Ref396218361]Mapping of N-SCH bursts onto 51-multiframe structure
CCCH coverage including synchronisation channel can be improved with an IoT dedicated N-CCCH time slot, applying the precoding technique. That new slot appears in TN 1 right after current basic CCCH timeslot in TN 0. The new 51 multi frame structure is depicted in Figure 1. 
In regard to FCCH, the legacy FCCH in TN 0 is expected to be sufficient, as also stated in [3].
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Figure 1: Mapping of N-SCH bursts onto 51-multiframe structure in TN 1 of BCCH carrier.

Multiplexing of N-SCH bursts onto 51-multiframe structure
The N-SCH information block is transmitted in four N-SCH bursts which are multiplexed into two 51-multiframes with 5 interleaved repetitions. The N-SCH bursts are located in the same TDMA frame in TN 1 following the FCCH and SCH in TN 0 which is expected to make synchronisation faster with less power consumption. Signalled frame number information refers to the first frame within pair of 51 multi frames. It enables both chase combining and compression of timing information from 25 to 21 bits, whilst the CIoT capable device shall perform decompression based on the 51-multiframe structure. For receiving a complete N-SCH block, bursts 1 to 4 need to be correctly received. The mapping of the N-SCH bursts onto two successive 51-multiframes is shown in Figure 2.
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Figure 2: Multiplexing 5 N-SCH blocks onto two successive 51-multiframes.

The alternated interleaving scheme used to identify odd /even frame is depicted in Table 2.
	N-SCH Burst number 
	Frames in even MF51
	Frames in odd MF51

	0
	0, 20, 40
	10, 30

	1
	1, 21, 41
	11, 31

	2
	10, 30 
	0, 20, 40

	3
	11, 31
	1, 21, 41


Table 2: Multiframe 51 alternated interleaving for N-SCH. 

Derivation of Timing information
Timing information is derived from signalled T1 and T2’ referring to the first TDMA frame of 51-multiframe of pair and the Cellular IoT capable devices then calculates frame numbers for other frames accordingly. Cellular IoT device will be able to determine FN as:
FN  = (51 x 26 x T1) + (2 x 51 x T2’ + 51 x T2’’) + T3’’
where
T2’’ is derived from SCH’ multiplexing and defined as
T2’’= 0, for even 51-multiframes,
T2’’= 1 for odd 51-multiframes.
T3’’ is derived from 51-multiframe borders during the FCCH acquisition on TS0.

Information bits in N-SCH
The N-SCH payload is reduced from the legacy SCH payload. The legacy SCH payload carries 78 encrypted bits generated from a payload of 25 bits (6 bits for BSIC, 11 bits for T1, 5 bits for T2 and 3 bits for T3’). For N-SCH, the payload is reduced by omission of T3’ parameter (3 bits) that can be derived from 51-multiframe structure. The signalled reduced frame number information then refers to the start of the 51-multiframe pair, see Figure 2. The reduced payload of 21 bits for the N-SCH is depicted in Table 3.
	Content
	Definition
	Range
	Number of bits

	 BSIC
	Base transceiver station identity code
	0 to 63
	6

	T1
	FN div (26 x 51)
	0 to 2047
	11

	T2’
	(FN –T1*26*51) div 102
	0 to 12
	4


Table 3: Payload for N-SCH.
Multiplexing and channel coding
Channel coding parameters for legacy SCH and N-SCH are compared in Table 4 below.
	Coding parameter
	SCH
	N-SCH

	Encoded bits
	78
	80

	Payload bits
	25
	21

	Parity bits
	10
	10

	Tail bits
	4
	6

	Spare bits
	-
	3*

	Code Rate
	1/2
	1/2

	Bursts per Block
	1  
	4 

	Constraint Length
	5
	7


Table 4: Channel Coding for SCH and N-SCH (*: used for N-BCCH change mark indication).

For N-SCH few spare bits are available for signalling to the CIoT devices. A viable option is to use them for signalling a N-BCCH change mark indication to the device. With 3 bits, 8 different system information set instances can be distinguished by the device which is considered sufficient. Thus, if the device awakes from sleep mode by synchronising to the N-SCH, it can deduce if the system information message set was updated. In case it is detected to be the same as previously read, the device does not need to re-read the system information message set for a particular cell sent on its N-BCCH.
Cell Synchronisation
If Cellular IoT capable device after reception of FCCH on TN 0 is not able to decode followed SCH at the same slot TN 0 due to low signal level, it tries to decode the more robust N-SCH sent in TN 1. The trigger to start decoding the N-SCH in TS1 and the feasibility of concurrent decoding of SCH and N-SCH bursts for faster synchronisation in better coverage conditions are FFS.
Timing information is derived from signalled T1 and T2’ referring to the first TDMA frame of the 51-multiframe pair and the Cellular IoT capable device then calculates frame numbers for other TDMA frames accordingly. 
Acquisition of the N-SCH information block for CIoT device, after synchronisation  to 51-multiframe structure by synchronisation to FCCH, is based on decoding attempts of N-SCH as follows. 
· CIoT device first attempts to decode SCH from first 4 N-SCH bursts received from the 51-multiframe boundary. Decoding is tried with two interleaving patterns possible within the N-SCH bursts. Based on the interleaving pattern for which the decoding is successful, if the 51-multiframe is odd/even is also identified. If the decoding is not successful, MS will chase combine next 4 N-SCH bursts and continue the decoding attempt as mentioned above. 
· The device in MCL=164 dB coverage condition will attempt to chase combine 5 N-SCH blocks from 2 adjacent 51-multiframes. If the decoding attempt fails, new decoding is attempted with 10 N-SCH bursts from next 51-multiframe and oldest 10 N-SCH bursts are discarded.
· When the device attempts to chase combine the N-SCH blocks across 2 adjacent 51-multiframes which are not part of the same pair, then the decoding will fail as the contents of N-SCH blocks is different across these 51-multiframes. In this case the decoding will be successful, when MS attempts decoding using next 10 N-SCH bursts from next 51 multiframe. In such case, the decoding will be successful after 3 adjacent 51-multiframes.
As per the above procedure for cell synchronisation, it is possible to decode N-SCH within 11 TDMA frames from the detection of 51-multiframe boundary (best case). For instance if the MS starts the N-SCH synchronisation at 40th TDMA frame of earlier 51-multiframe, then N-SCH decoding will be successful by 11th TDMA frame of next 51-multiframe. In this case synchronisation time for N-SCH is 22 TDMA frames (equals 101.5 ms).

PERFORMANCE Evaluation
This section depicts the coverage performance of channels used for network synchronisation, namely the FCCH used for frequency synchronisation and the N-SCH used for time synchronisation. 
For the FCCH channel, coupling loss scenarios up to the target MCL of 164 dB are reported in section 6.2.5.16 of the TR [1] 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.

Simulation Assumptions
Simulation assumptions for evaluating N-SCH performance are depicted in Table 5 below. 
	Parameter
	Value

	Logical Channel
	N-SCH

	Channel profile
	TU

	Mobile speed
	1.2 km/h

	Band 
	GSM 900

	Number of repetitions
	5

	Starting Frequency offset at SCH Detection
	40 Hz 

	Timing error
	±2 normal symbols

	Number of SCH Blocks
	40000


Table 5: Simulation Assumptions for N-SCH performance evaluation.

Performance for N-SCH was assessed for the sensitivity scenario and is reported in the following.

Sensitivity
Figure 3 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. Hence it is expected that N-SCH allows for fast enough synchronisation for coverage constrained CIoT devices.
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Figure 3: N-SCH coverage performance for TU1.2nFH, TU50nFH, TUiFH, RA250 and HT100 (BLER vs Es/No).

It is also observed that N-SCH coverage performance is significantly better in other legacy GSM radio propagation conditions (TU50, RA250 and HT100). 


Network Synchronisation
As per Study Item objective network synchronisation is defined as the equivalent of acquisition of FCCH+SCH for GSM. Network synchronisation is evaluated with one (equivalent of) BCCH carrier for initial cell search and cell reconfirmation. 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. 


Frequency Synchronisation using FCCH 
The FCCH is mapped to TN 0 on the BCCH carrier and is received every 10th or 11th TDMA frame. The time taken for MS which starts the FCCH reception with initial frequency offset of +/- 18 kHz to correct its frequency to the accuracy of 40 Hz depends on the frequency correction algorithm used by MS. As assumed in section 6.2.6.1.2 of the TR [1] the MS receives at least all FCCH instances during 1 BCCH multiframe (= 5 instances) to achieve the frequency offset of 40 Hz. It will then start to synchronise to the N-SCH detecting the BCCH multiframe boundary. Hence the FCCH synchronisation time corresponds to 1 BCCH multiframe (= 235 ms). Since the timing of the broadcast carrier is assumed to be unknown, when the MS starts network synchronisation, and hence the starting offset to the BCCH multiframe boundary is uniformly distributed for the initial cell search, the MS will stop the FCCH synchronisation with a random offset to the BCCH multiframe. Due to the robustness of the FCCH this synchronisation time is assumed for all coupling loss scenarios. It needs to be added to the synchronisation time for N-SCH with an assumed starting frequency offset of 40 Hz, in order to obtain the total network synchronisation time including FCCH and N-SCH acquisition. The second part is estimated in the simulation described below.
Time Synchronisation using N-SCH
The synchronisation time for N-SCH is evaluated for various coupling loss scenarios in this section. 

Simulation Assumptions
Following assumptions are taken for achieving synchronisation on N-SCH:
· The simulation environment as mentioned in Table 1 is valid.
· N-SCH decoding time with frequency offset of 40 Hz at the time of N-SCH decoding is evaluated.
· N-SCH decoding is considered unsuccessful, if N-SCH cannot be decoded within MFmax multiframes. The number MFmax for the N-GSM system is FFS (no limitation was assumed in the current evaluation).

Simulation Method
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 SCH Block decoding is noted as T1.
· If the N-SCH decoding is successful based on single SCH block, the synchronisation time needed for this 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 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.
The CDF of the N-SCH synchronisation time is plotted to identify the distribution of the N-SCH synchronisation time.
Simulation Results
Below Figures 4 and 5 indicate 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 4: CDF of the N-SCH synchronisation time (in TDMA frames)        for MCL=164 dB.
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Figure 5: CDF of the N-SCH synchronisation time (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 807 ms (Figure 4). For MCL=154 dB condition the N-SCH synchronisation time reduces to 350 ms (Figure 5).
Figure 6 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: Average N-SCH synchronisation time (in TDMA frames)           for  MCL range [154…164 dB].
In the above simulation for MCL=164 dB coverage condition: in 96% of the cases N-SCH detection is possible within 2*51 multiframes. For the remaining 4% 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 expected to be negligible. 
Network Synchronisation Time
Based on the above results, for the target MCL condition the network synchronisation time corresponding to 95% percentile accumulates to 1042 ms. For MCL=154 dB condition the network synchronisation time reduces to 585 ms.
Figure 7 provides the average network synchronisation time for various MCL values in the range from MCL=154 dB to MCL=164 dB.
[image: ]
Figure 7: Average network synchronisation time [ms]                             for  MCL range [154…164 dB].

Conclusion
In this contribution the N-SCH design is presented and the performance is assessed for sensitivity and network synchronisation time. 
It is observed that the target MCL of 164 dB can be met at BLER of 10%.
For the FCCH synchronisation time one BCCH multiframe (=235 ms) is assumed to be required for all coupling loss scenarios. 
Average N-SCH synchronisation time for MCL=164 dB condition is evaluated as 309 ms without considering the additional delay required to correct the frequency error based on FCCH bursts. N-SCH synchronisation time corresponding to 95 percentile for MCL=164 dB is evaluated as 807 ms.
Average N-SCH synchronisation time for MCL=154 dB condition is evaluated as 225 ms without considering the additional delay required to correct the frequency error based on FCCH bursts. N-SCH synchronisation time corresponding to 95 percentile for MCL=154 dB is evaluated as 350 ms.
The network synchronisation time taking into account FCCH + N-SCH synchronisation is depicted in Table 6 below.
	Time metric
	MCL=154 dB 
	MCL=164 dB

	Average 
	460 ms
	544 ms

	95 percentile
	585 ms
	1042 ms


Table 6:  Network synchronisation time (FCCH+N-SCH acquisition).

The missing ratio for N-SCH detection is expected to be negligible. The detailed investigation is FFS.
Robustness of N-SCH channel is also verified for other radio channel conditions and it is observed that performance was not compromised.
We propose to include the network synchronisation and cell detection procedure described above and the reported coverage and synchronisation performance into the TR as contributed in the accompanied pseudo CR in [3].
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