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Introduction
This contribution depicts the N-BCCH design and its performance for the N-GSM concept proposal included into TR 45.820 [1]. 
Section 2.1 investigates the system information message contents applicable for CIoT devices and the derivation of required amount of bytes for transmission of all required system information. In section 2.2 based on the payload size the channel structure for N-BCCH is provided. Section 2.3 shows the burst mapping of the N-BCCH block over multiple 51-multiframes and the repetition of the same transmission scheme for extended coverage.
Section 3 contains the simulation assumptions for N-BCCH coverage performance and the coverage performance result for N-BCCH. Based on the coverage performance the time taken for system information acquisition in target coverage condition is calculated. 
This document contains a revision of [2] with updates highlighted in blue color.

DESIGN FOR N-BCCH
System Information messages for CIoT
The system information contents relevant for CIoT devices are summarised in Table 1 below. Both reuse of existing System Information messages applicable for CIoT and definition of new System Information message(s) dedicated to these devices are considered. 
	SI message
	Equivalent Information Needed for Cellular IoT BCCH?
	Projected Cellular IoT BCCH space per cycle
[bytes]

	SI 1
	Yes
	21

	SI 2
	Yes
	9

	SI 3
	Yes
	12

	SI 13
	Yes
	8

	SI 21
	Yes
	10

	SI 22
	Yes
	14

	SI (N-GSM)
	Yes
	2

	Total
	
	76


Table 1:  System Information messages relevant for CIoT.

For additional system information SI (N-GSM) required for N-GSM specific parameters, two more bytes are reserved in addition to the above contents. The total size of the system information for N-GSM is hence estimated as 76 bytes.
A brief analysis of the projected space for system information on N-BCCH is provided below. 
· SI1: Cell allocation information, 16 ARFCNs, 10 bits each; RACH Control Parameters, 1 byte => 21 bytes.
· SI2: Neighbour Cell Description, 6 ARFCNs[footnoteRef:1], 10 bits each; NCC permitted 1 byte => 9 bytes. [1:  It is assumed that a reduced number of neighbour cells is signalled on N-BCCH due to relaxed mobility requirements for Cellular IoT devices.] 

· SI3: Cell Identity, 2 bytes; Location Area Identification, 5 bytes; Control Channel Description, 1 byte; Cell Selection Parameters, 2 bytes; SI3 Rest Octets, 2 bytes => 12 bytes.
· SI13: Routing Area Code, 1 byte; GPRS Cell Options, 4 bytes; GPRS Power Control Parameters, 3 bytes => 8 bytes.
· SI21: EAB Authorization Mask, 10 bits; EAB Subcategory, 2 bits; Common PLMN + 4 Additional PLMNs => 10 bytes.
· SI22: Common_PLMN_PS_ACC, 2 bytes; NCC Permitted, 1 byte + PS ACC, 2 bytes, 4 Additional PLMNs => 14 bytes
· SI (N-GSM): N-RACH control parameters (i.e. N-ACCESS-PATHLOSS-DIVIDER (2 bits) , N-MAX-RETRANS (3 bits), NTIN (2 bits), see [3]) => 2 bytes
 
N-BCCH channel coding
4 N-BCCH blocks with payload size of 19 bytes provide sufficient capacity to broadcast all the required system information messages required for CIoT as described above. Encoding details for the BCCH data block are listed in Table 2.
	N-BCCH Coding parameters
	Size [bits]

	Payload
	152

	CRC
	18

	Tail bits
	6

	Input bits for channel coding
	176

	Convolutional coding
	1/3

	Encoded Bits
	528

	Puncturing 
	80

	Constraint Length
	7


Table 2:  Data block encoding for N-BCCH
The interleaving and burst mapping for N-BCCH is different from CS1 because the bits need to be mapped on the radio block over 16 bursts compared to 4 bursts for CS1 encoding. 
Tail bits:
Six tail bits equal to 0 are added to the 170 information bits, the result being a block of 176 bits {u(0),u(1),...,u(175)}:
u(k) = d(k)	for k = 0,1,...,169
u(k) = 0	for k = 170, ..,175 (tail bits)
Convolutional encoder:
This block of 176 bits {u(0),u(1),...,u(175)} is encoded with the 1/3 rate convolutional mother code defined by the polynomials:
G4 = 1 + D2 + D3 + D5 + D6  
G5 = 1 + D + D4 + D6  
G6 = 1 + D + D2  + D3 + D4 + D6
This results in a block of 528 coded bits: {C(0),C(1),...,C(527)} defined by:
C(3k) = u(k) + u(k‑2) + u(k‑3) + u(k‑5) + u(k‑6)
C(3k+1) = u(k) + u(k‑1) + u(k‑4) + u(k‑6)
C(3k+2) = u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑4) + u(k‑6)  for k = 0,1,...,175
u(k) = 0  for k < 0
Puncturing: 
The code is punctured in such a way that the following 80 coded bits 
C(23+5j) for j = 0,1,...,79 
are not transmitted. The result is a block of 448 coded and punctured bits, P(0)...P(447).  
Interleaving:
The encoded bits are interleaved over 16 N-BCCH bursts as per the below interleaving scheme.
for (k= 0 to 447)
{
    B=mod(12*k+floor(k/2)+mod(k,2),16);
    j=mod(23*mod(5*k,28)+ floor(7*k/16),28);
}

Burst mapping and repetitions 
16 bursts of a single N-BCCH radio block are mapped over 8 consecutive 51- multiframes with two bursts mapped to the TDMA frames next to N-SCH frames in TN1 in each of the 8 51-multiframes. In the same manner the bursts belonging to the next 3 N-BCCH blocks are mapped to further bursts within 51 multiframes and spread over 8*51 multiframes.
With the above mapping, a CIoT device in better coverage condition will be able to get all required system information within 8 51 multiframes. This maps to BCCH acquisition time of 1.88 seconds. The devices in extended coverage can chase combine the N-BCCH radio blocks across 2 or 3 such 8*51-multiframes.
Below diagram in Figure 1 shows spreading of 4 N-BCCH blocks over 8*51-multiframes mapped to the 51-multiframe structure in TN1.
[image: ]
Figure 1: N-BCCH burst mapping into 8*51-multiframe structure (8 51-multiframes are depicted) on TN1.
 

PERFORMANCE Evaluation
Link Simulation Assumptions
Simulation assumptions for evaluating N-BCCH performance are depicted in Table 3 below. 
	Parameter
	Value

	Logical Channel
	N-BCCH

	Channel profile
	TU

	Mobile speed
	1.2 km/h

	Band 
	GSM 900

	Number of repetitions
	1, 2

	Repetition Period 
(Chase combining spacing)
	8*51-multiframes

	Frequency error model 
	Frequency start offset: 40 Hz


Table 3: Simulation Assumptions for N-BCCH performance evaluation.

Performance for N-BCCH was assessed for the sensitivity scenario based on above assumptions and is illustrated below.
Coverage Performance
N-BCCH coverage performance for chase combining 2 and 3 transmissions is shown in Figure 2.
[image: ]
Figure 2: Coverage Performance of N-BCCH (BLER vs Es/No).

The vertical line in Figure 2 corresponds to study item target MCL value: -6.3 dB Es/No.

The coverage performance at target MCL=164 dB is achieved by chase combining 3 N-BCCH transmissions. The results indicate that the device in extreme coverage condition can complete the system information acquisition within 3*8*51-multiframes (5.65 s).
Based on the above performance, system information acquisition can be achieved by chase combining 2 N-BCCH transmissions and hence be completed within 2*8*51-multiframes (3.77 s) for the device in extended coverage with MCL up to 162 dB.
Conclusion
The N-BCCH channel design presented in this document enables the CIoT device to decode the complete system information within 1.88 seconds in better coverage condition, within 3.77 s for coverage condition with MCL up to 162 dB, and within 5.65 s for target MCL coverage condition. 
The corresponding text proposal is included in the pCR to TR 45.820 in [4].
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