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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

As the N-GSM concept introduces a new data traffic channel type N-PDTCH, it needs to be described in more detail. This higher level of detail is given in the present contribution.
1.3
Summary of change

This contribution includes following text to be included in the TR to the N-GSM concept description: in section 6.3.2.5 on channel encoding for downlink, in section 6.3.3.5 on channel encoding for uplink and in section 6.3.3.6.2 on link adaptation for the uplink traffic channel. The content is based on the concept paper contributed in [4].
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6.3.2.5 Channel encoding 
6.3.2.5.5 
N-PDTCH 
Encoding details for the N-PDTCH data block are listed in Table 6.3.2.5-5:

Table 6.3.2.5-5: Data block encoding for N-PDTCH.
	N-BCCH Coding parameters
	Size [bits]

	User Payload
	160

	N-RLC header
	8

	Parity information (CRC)
	18

	Tail bits
	6

	Input bits for channel coding
	192

	Convolutional coding
	1/2

	Encoded Bits
	384

	Puncturing 
	-

	Constraint Length
	7


The interleaving and burst mapping for N-PDTCH is done by mapping the radio block over 16 bursts compared against 4 bursts for GPRS CS1 encoding. Channel encoding and interleaving for N-PDTCH is detailed in the following.

Information block: 

The information block, delivered to the channel encoder, has a fixed size of 186 information bits {d(0),d(1),...,d(185)}, depicted in Figure 6.3.2.5-1, and constitutes of the following parts:
 

· N-RLC header: 8 bits (for DL and UL)

· Parity information for N-RLC/N-MAC headers: 18 bits (for DL and UL)

· Note: derivation of the parity information is FFS (e.g. based on NBSN and NTI from N-MAC) 

· User payload data (160 bit)

	N-RLC header
	Parity information 
	User payload


Figure 6.3.2.5-1:  RLC block structure for N-PDTCH.

Tail bits:

Six tail bits equal to 0 are added to the information block described above, the result being a block of 192 bits {u(0),u(1),...,u(191)}:

u(k) = d(k)
for k = 0,1,...,185

u(k) = 0
for k = 186,187,…,191 (tail bits)

Convolutional encoder:
This block of 192 bits {u(0),u(1),...,u(191)} is encoded with the 1/2 rate convolution code defined by the polynomials:

G4 = 1 + D2 + D3 + D5 + D6
G7 = 1 + D + D2 + D3 + D6
This results in a block of 384 encoded bits: {C(0),C(1),...,C(383)} defined by:

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

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

for k = 0,1,...,191; u(k) = 0 for k < 0

Puncturing: 

No puncturing is needed. 
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);
 }  
6.3.2.5.6 
N-PACCH 
FFS

6.3.2.5.7 
N-MAC/D 
In downlink the N-MAC header payload size is 8 bits, see section 6.3.5. The header contains information about the block sequence number (NBSN) and about the transaction ID (NTI), each of them having a length of 4 bits.

Table 6.3.2.5-5 provides a summary of the block structure and encoding used for downlink N-MAC.
	DL N-MAC header part
	Value

	Payload bits
	8 bits

	Tail bits
	4 bits 

	Check sum
	1 bit

	Convolutional coding
	1/5 

	Puncturing 
	1  bit 

	Final Encoded Bits
	64 bits


Table 6.3.2.5-7:  Block Structure for N-MAC/D header.
Details of channel encoding for N-MAC/D are FFS.

Interleaving: 

N-MAC header is interleaved over 16 bursts (TTI = 80 ms) as shown in the description below with B indicating the burst number and j the position in this burst: 

 for k=0 to 63

{

  B=mod(k*7+floor(k/16),16);

  j=mod(3*mod(k,3)+ floor(k/3)+mod(3*B,7),4);

 }

It is mapped to the two GMSK symbol sequences surrounding the TSC, hence to 32 GMSK symbol sequences.
6.3.2.5.8 
N-PCH Header 
FFS

6.3.2.5.9  Summary of Downlink Coding Schemes 

The N-GSM coding schemes are represented in Table 6.3.2.5-9.  Used convolution polynomials (G) are defined in Annex B of 3GPP TS 45.003.
 

Table 6.3.2.5-9: Encoding parameters for logical channels in downlink.

	Channel
	Input bits 

(u)
	Convolution coding
	Rate matching
	Encoded bits

(c)


	Interleaving

	
	
 Data bits (d)
	Tail bits
	k
	r
	Poly

nomials

(G)
	Punctured bits
	Repeated bits
	
	Bursts

(B)
	Burst Type
	Type

	
	Infomation bits
	Parity

Bits
	
	
	
	
	
	
	
	
	
	

	N-SCH
	24
	10
	6
	7
	1/2
	G4, G7
	0
	0
	80
	4
	N-SB
	Rect.

	N-BCCH
	200
	18
	6
	7
	1/2
	G4, G7
	0
	0
	448
	16
	N-NB
	Rect.

	N-PCH
	74 
	18 
	4 
	5 
	1/2 
	G0, G1 
	0    
	0 
	384 
	8    
	N-NB 
	TBD

	N-AGCH
	90 
	18 
	6 
	7 
	1/2 
	G4, G7 
	4    
	0 
	448 
	16  
	N-NB 
	TBD

	N-PDTCH
	168
	18
	6
	7
	1/2
	G4, G7
	0
	0
	384
	16
	N-NB
	Rect.

	N-PACCH
	80 
	18 
	6 
	7 
	1/4 
	G4,G5, G6,G7 
	32  
	0 
	384 
	16  
	N-NB 
	Rect.

	N-MAC/D

	8
	1
	4
	5
	1/5
	G0,G1, G2,G2, G3 
	1 
	0
	64
	16
	N-NB
	Rect.

	N-PCH Header
	2
	1
	4
	5
	1/5
	G0,G1, G2,G2, G3 
	3 
	0
	32
	8
	N-NB
	Rect.
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6.3.3.5
Channel encoding
6.3.3.5.1 
N-RACH 
FFS

6.3.3.5.2 
N-PDTCH 
The encoding and interleaving details are the same as for N-PDTCH in downlink, see section 6.3.2.5.5. 
6.3.3.5.3 
N-PACCH 
FFS

6.3.3.5.4 
N-MAC/U 
In uplink the N-MAC header has a payload size of 4 bits, since it contains merely information about the block sequence number (NBSN), see section 6.3.5.
Table 6.3.3.5-4 provides a summary of the block structure and encoding used for uplink N-MAC.
	UL N-MAC header part
	Value

	Payload bits
	4 bits

	Tail bits
	4 bits

	Check sum
	1/4 

	Convolutional coding
	Repetition of convolutional encoded bits (32) 

	Puncturing 
	4 bits

	Final Encoded Bits
	64 bits


Table 6.3.3.5-4:  Block Structure for N-MAC/U header.
Details of channel encoding for N-MAC/U are FFS.
Interleaving: 

Interleaving and burst mapping details are the same as for N-MAC/D, see section 6.3.2.5.7. 
6.3.3.5.5  
Summary of Uplink Coding Schemes 

The N-GSM coding schemes are represented in Table 6.3.3.5-5.  Used convolution polynomials (G) are defined in Annex B of 3GPP TS 45.003. 
 

Table 6.3.3.5-5:  Encoding parameters for uplink logical channels.

	Channel
	Input bits 

(u)
	Convolution coding
	Rate matching
	Encoded bits

(c)


	Interleaving

	
	
 Data bits (d)
	Tail bits
	k
	r
	Polynomials

(G)
	Punctured bits
	Repeated bits
	
	Bursts

(B)
	Burst Type
	Type

	
	Information bits
	Parity

Bits
	
	
	
	
	
	
	
	
	
	

	N-RACH
	11
	6
	4
	5
	1/2
	G0, G1
	6
	0
	36
	1(2)
	N-AB
	-

	N-PDTCH
	168
	18
	6
	7
	1/2
	G4, G7
	0
	0
	384
	16
	N-NB
	Rect.

	N-PACCH
	60 
	18 
	6 
	7 
	1/5 
	G4,G5,G6,G7
	56  
	0 
	384 
	16  
	N-NB 
	Rect.

	N-MAC/U
	4
	0
	4
	5
	1/4
	G0,G1, G2,G3 
	0
	32
	64
	16
	N-NB
	Rect.
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6.3.3.6.2 
Link Adaptation



Link adaptation using either adaptive or fixed chase combining is applied for uplink data traffic channel.  

6.3.3.6.2.1 
Adaptive chase combining 

For adaptive chase combining, the network selects the use of the single N-PDTCH block transmission mode for UL transmission and the maximum number of retransmissions at packet traffic channel assignment. Fixed allocation is used for uplink data transfer allocating more resource than required to transmit the requested number of RLC blocks such that the CIoT device continues to retransmit blocks until it receives the PUAN. Further retransmissions are adapted based on RLC/MAC HARQ being enabled for N-PDTCH, by means of the N-MAC/U header being introduced for linking blocks with the same content to enable adaptive chase combining. 

Single N-PDTCH block transmission mode is used with extended TTI of 80 ms (16 bursts).
6.3.3.6.2.2 
Fixed chase combining 

For fixed chase combining, the network selects the use of the concatenated N-PDTCH block transmission mode for UL transmission including the number of immediate repetitions according to the observed path loss and the maximum number of retransmissions at packet traffic channel assignment. Fixed allocation is used for uplink data transfer allocating the resource for the requested number of RLC blocks such that each RLC block is transmitted only once in the determined concatenated PDTCH block mode. Further retransmissions are carried out based on RLC/MAC HARQ by receiving the PUAN. Due to the knowledge of the RLC block positions at the receiver side, chase combining with the previous RLC block can be performed. In this mode N-MAC header is not used.

Concatenated N-PDTCH block transmission mode is used with extended TTI of 160 ms or 240 ms (i.e. 2 or 3 successive transmissions of the 80 ms N-PDTCH block spanning over 32 bursts or 48 bursts, respectively).

In order to reduce the overall latency of concatenated N-PDTCH block transmission mode for extreme coverage conditions, block repetition in dual time slot mode is configured. In this mode 16 bursts of a single N-PDTCH block are mapped into 2 consecutive time slots per TDMA frame in 8 subsequent TDMA frames. In this mode single transmission of one N-PDTCH block fits into the extended TTI of 40 ms. The concatenated N-PDTCH block transmission mode with 3 successive transmissions thus results in the extended TTI of 120 ms. It is noted that the dual time slot transmission mode does not increase the bit energy, instead it is used to reduce the TTI, so that the required latency and throughput performance is achieved.

6.3.3.6.2.2 
Maximum retransmissions 

Maximum number of retransmissions at link layer to provide required coverage performance for target MCL depends also on core network throughput efficiency. With the use of e.g. IP header compression at SNDCP layer it is possible to increase the number of retransmissions to a higher value without impacting throughput at layers above SNDCP. Further detail on the configured maximum transmissions will be provided,
	End of modifications
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