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1. Introduction

This contribution depicts the N-PACCH design and its performance for the N-GSM concept proposal earlier introduced in [1], which is proposed to be included into TR 45.820 [2]. 
Section 2.1 investigates the N-PACCH message content applicable for CIoT devices and the derivation of required amount of bytes for the information blocks. In section 2.2 based on the information block size the channel structure for N-PACCH is provided for DL and for UL. Section 2.3 depicts the block transmission modes to serve for extended coverage.

Section 3 contains simulation assumptions for N-PACCH coverage performance and coverage performance results for N-PACCH in DL and in UL. Further proceeding is outlined in Section 4.

2. DESIGN FOR N-PACCH

2.1 N-PACCH Message Content
The N-PACCH message contents relevant for CIoT devices are shortened versus legacy PACCH since the N-PDTCH RLC window size is decreased to 6 and since the traffic is assumed to have shorter message sizes, which do not require the addition of radio link control parameters such as for GPRS power control (instead fixed power reduction is signalled for UL). A message shortening for DL to 80 bits (i.e. halving of the information block size for CS-1) and for UL to 64 bits (i.e. 60% reduction versus CS-1) is assumed to be feasible. Some RLC messages relevant for CIoT are depicted in Table 1. Further optimization of the message content in terms of compression of identifiers is considered possible.
	RLC message
	Message size  [bits]
	Comment

	Downlink

	Packet Downlink Assignment

	Header: 8 bits 

Page Mode: 2 bits

TLLI: 32 bits

RLC Mode: 1 bit

TN: 3 bits

Packet timing advance: 4 bits

Downlink NTI assignment: 4 bits

Assignment type: 1 bit
Frequency Parameters: 13 bits (noFH) / 13 bits (FH) (using indirect encoding)
UL power reduction: 2 bits
Block transmission mode: 2 bits

Padding: 8 bits

Total: 80 bits
	Assignment type: new assignment / modification of existing assignment
TFI is omitted as NTI is sent in N-MAC



	Packet Uplink Assignment
	Header: 8 bits
Page Mode: 2 bits

TLLI: 32 bits

RLC Mode: 1 bit

TN: 3 bits

Packet timing advance: 4 bits

Assignment type: 1 bit

Frequency Parameters: 13 bits (noFH) / 13 bits (FH) (using indirect encoding)

UL power reduction: 2 bits

Block transmission mode: 2 bits
Packet resource description: 12 bits

Padding: 0 bits

Total: 80 bits
	Packet resource description: 

· start up delay in 20 ms radio blocks (6 bit)

-number of 80 ms TTI blocks (6 bit)
TFI is omitted as NTI is sent in N-MAC



	PUAN 
	Header: 8 bits 

Page Mode: 2 bits

TLLI: 32 bits

Packet timing advance: 4 bits

Ack/Nack description:  8 bits 

Packet UL resource extension: 12 bits 

Extended TTI (N-PDTCH): 2 bits

Extended TTI (N-PACCH): 2 bits

UL power reduction: 2 bits

Padding: 8 bits

Total: 80 bits
	Message type: PUAN

A/N description: 

Final ack: 1 bit, 

start seq: 4 bits, 

received blocks: 3 bits 

(RLC window size for N-PDTCH: = 6)

TFI is omitted as NTI is sent in N-MAC

Packet UL resource extension: 

· Start up delay in 20 ms radio blocks (6 bit)

· number of 80 ms TTI blocks (6 bit)

	Uplink

	PDAN
	Header: 8 bits 

Ack/Nack description:  8 bits 

Channel quality report: 39 bits

PFI: 7 bits 

Padding: 2 bits

Total: 64 bits
	Message type: PDAN

A/N description: 

Final ack: 1 bit, 

start seq: 4 bits, 

received blocks: 3 bits 

(RLC window size for N-PDTCH: = 6)

DL TFI is omitted as NTI is sent in N-MAC

Channel quality report: 

C_VALUE: 6 bits
 RXQUAL: 3 bits SIGN_VAR: 6 bits  

 I_LEVEL_TNx : 8*3bits

	Packet Control ACK 


	11 bits
	reusing 11 bit access format, 4 access bursts

(N-RACH format)


Table 1:  Some RLC messages relevant for CIoT.

2.2 N-PACCH channel coding

2.2.1 Downlink 

The coding parameters for N-PACCH in Downlink are depicted in Table 2. 
	N-PACCH coding parameters
	Size [bits]

	Payload
	80

	CRC
	18

	Tail bits
	6

	Input bits for channel coding
	104

	Convolutional coding
	¼

	Constraint Length
	7


Table 2:  Data block encoding for N-PACCH (DL).
The interleaving and burst mapping for N-PACCH is different from CS1 because the bits need to be mapped over 16 bursts compared to 4 bursts in CS1 encoding.

Tail bits:

Six tail bits equal to 0 are added to the information bits, the result being a block of 98 bits {u(0),u(1),...,u(97)}:

u(k) = d(k)
for k = 0,1,...,97
u(k) = 0
for k = 98,...,103 (tail bits)

Convolutional encoder:
This block of 104 bits {u(0),u(1),...,u(103)} is encoded with the 1/4 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

G7 = 1 + D + D2 + D3 + D6 

This results in a block of 416 coded bits: {C(0),C(1),...,C(415)} defined by:

C(4k) = u(k) + u(k‑2) + u(k‑3) + u(k‑5) + u(k‑6)
C(4k+1)= u(k) + u(k‑1) + u(k‑4) + u(k‑6)
C(4k+2) = u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑4) + u(k‑6)

C(4k+3) = u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑6)

for k = 0,1,...,103  

u(k) = 0  for k < 0

Puncturing: 

The code is punctured in such a way that the following 32 coded bits 
C(3+11j) for j = 3,6,...,34 
are not transmitted. The result is a block of 384 coded and punctured bits, P(0)...P(383).  
Interleaving:

For the block of 384 encoded bits rectangular interleaving over 16 bursts (i.e. TTI = 80 ms) is applied as shown in the description below with B indicating the burst number and j the position in this burst: 
for (k=0 to 383)
{

  B=mod(12*k+floor(k/2)+mod(k,2),16);
  j=mod(23*mod(5*k,24)+ floor(7*k/16),24);
 }  
2.2.2 Uplink 

The coding parameters for N-PACCH in Uplink are depicted in Table 3. 

	N-PACCH Coding parameters
	Size [bits]

(Option 1)
	Size [bits]

(Option 2)

	Payload
	80
	64

	CRC
	18
	18

	Tail bits
	6
	6

	Input bits for channel coding
	104
	88

	Convolutional coding
	¼ 
	1/5

	Constraint Length
	7
	7


Table 3:  Data block encoding for N-PACCH (UL).
The interleaving and burst mapping for N-PACCH is different from CS1 because the bits need to be mapped over 16 bursts compared to 4 bursts in CS1 encoding.

Option 1: 

The same encoding is applied as for DL. 

Option 2: 

Tail bits:

Six tail bits equal to 0 are added to the information bits, the result being a block of 88 bits {u(0),u(1),...,u(87)}:

u(k) = d(k)
for k = 0,1,...,81
u(k) = 0
for k = 82,...,87 (tail bits)

Convolutional encoder:
This block of 88 bits {u(0),u(1),...,u(87)} is encoded with the 1/5 rate convolutional mother code defined by the five polynomials:

 G6 = 1 + D + D2  + D3 + D4 + D6
 G4 = 1 + D2 + D3 + D5 + D6  


G5 = 1 + D + D4 + D6  

 G6 = 1 + D + D2  + D3 + D4 + D6

G7 = 1 + D + D2 + D3 + D6 

This results in a block of 440 coded bits: {C(0),C(1),...,C(439)} defined by:

C(5k) = u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑4) + u(k‑6)
C(5k+1) = u(k) + u(k‑2) + u(k‑3) + u(k‑5) + u(k‑6)

C(5k+2)= u(k) + u(k‑1) + u(k‑4) + u(k‑6)

C(5k+3) = u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑4) + u(k‑6)

C(5k+4) = u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑6)

for k = 0,1,...,87  

u(k) = 0  for k < 0
Puncturing: 

The code block is punctured in such way that the following 56 bits 

C(31+ j*7) for j = 0,...,55
are not transmitted. The result is a block of 384 coded and punctured bits, P(0)...P(383).  
Interleaving:

For the block of 384 encoded bits rectangular interleaving over 16 bursts (i.e. TTI = 80 ms) is applied as shown in the description below with B indicating the burst number and j the position in this burst: 
for (k=0 to 383)
{

  B=mod(12*k+floor(k/2)+mod(k,2),16);
  j=mod(23*mod(5*k,24)+ floor(7*k/16),24);
 }  
2.3 Block transmission modes
Different block transmission modes can be configured for N-PACCH:

· single block transmission with TTI of 80 ms.

· concatenated block transmission with extended TTI of 160 ms or 240 ms by immediate successive repetition of the first block. 
The block transmission mode on N-PACCH is selected by the network separately for UL and DL and sent to the CIoT device at packet traffic channel assignment. The block transmission mode is applicable for both N-PACCH payload and N-MAC header data. Figure 1 depicts both N-PACCH block transmission modes.
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Figure 1: N-PACCH block transmission modes - single block transmission with TTI = 80 ms (top), concatenated block transmission with extended TTI = 160 ms (bottom).

3. PERFORMANCE Evaluation
3.1 Link Simulation Assumptions

Simulation assumptions for evaluating N-PACCH performance are depicted in Table 4 below. 
	Parameter
	Value

	Logical Channel
	N-PACCH 

	Frequency band
	900 MHz

	Interference profile
	Sensitivity

	Input 
	ES/N0 

	Output
	- BLER for N-PACCH control data

	Direction
	DL, UL

	N-PACCH information block size 
	Downlink: 80 bits 

Uplink: 80 bits (Option 1), 64 bits (Option 2) 

	Channel profile
	TU

	Mobile speed
	1.2 km/h

	Frequency hopping
	non hopping

	BTS RF impairments
	Typical

	MS RF impairments
	Typical

	Frequency error model 
	typical 
DL: 40 Hz
UL: model described in section 2.1 of [4]

	Block transmission mode
	- single block, TTI=80 ms, 8 repetitions, 

- concatenated block, extended TTI=240 ms,   3 repetitions 

	Antenna configuration
	BTS: 1Tx, 2Rx

MS: 1Tx, 1Rx

	Precoding
	2-FSK+BPSK modulation


Table 4: Simulation Assumptions for N-PACCH performance evaluation.

Performance for N-PACCH was assessed for the sensitivity scenario based on above assumptions and is illustrated below.

3.2 Coverage Performance
3.2.1 Downlink 
N-PACCH DL coverage performance for both transmission modes is shown in Figure 2. 
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Figure 2: Coverage Performance of N-PACCH DL (BLER vs Es/No) for

single block and concatenated block transmission mode.
The vertical line in Figure 2 corresponds to study item target MCL value: -6.3 dB Es/No.

At MCL = 164 dB the BLER performance for N-PACCH DL for the configured number of repetitions is below 1% in both cases and hence considerably better than the required performance of 10 % for this control channel. The target performance is met for Es/No of – 9.5 dB. 
3.2.2 Uplink, Option 1 
N-PACCH UL coverage performance for both transmission modes is shown in Figure 3. 
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                  Figure 3: Coverage Performance of N-PACCH DL (BLER vs Es/No) for
single block and concatenated block transmission mode.
The vertical line in Figure 3 corresponds to study item target MCL value: -14.3 dB Es/No.

At MCL = 164 dB the BLER performance for N-PACCH UL for the configured number of repetitions is above 10 % in both cases with a negative gain of around 1.4 dB and 1.6 dB, respectively. Thus with option 1 (using information block size of 80 bits for N-PACCH UL) the targeted performance is not met in both cases. 
3.2.3 Uplink, Option 2
[TBD] 

4. Conclusion

The N-PACCH channel design presented in this document enables CIoT system support in extended coverage as depicted in regard to coverage performance for control data and for N-MAC header data up to the target MCL of 164 dB.
Performance impact from N-MAC reception will be addressed in the next revision.
The accompanying text proposal to TR 45.820 is contributed in [3].
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