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Introduction
This contribution depicts the N-PDTCH design and its performance for the N-GSM concept proposal included into TR 45.820 [1]. Section 2 describes design aspects such as burst format and block structures for N-PDTCH and other layer 1 parameter settings. Performance for N-PDTCH is investigated in section 3. The further proceeding is outlined in section 4. 

This contribution is an update to [2] with changes marked in blue.
DESIGN FOR N-PDTCH
This section describes the N-PDTCH design in terms of burst format and layer 1 parameter settings. 
Normal burst format for N-PDTCH
The GMSK symbol sequences each having a length of 8 normal symbol periods fit into the current burst structure with minor modifications. Figure 1 depicts the burst structure and Table 1 shows the length of different sections of a burst in normal symbol periods in a time slot carrying the N-PDTCH.

	Tail symbols
	User payload symbols  
	N-MAC header symbol
	TSC
symbols
	N-MAC header symbol
	User payload symbols  
	Tail symbols
	Guard Period


Figure 1:  Normal burst format for N-PDTCH.
	Burst Content
	PDTCH normal burst [bits]
	N-PDTCH burst 
carrying GMSK symbol sequences in payload [bits]

	Front tail symbols
	3
	3

	User payload symbols    (1st part)
	57
	48
(6 GMSK symbol sequences)

	N-MAC header symbols
	N.A.
	8 
(1 GMSK symbol sequence)

	Stealing flag/CS indicator
	1
	0

	Training Sequence
	26
	30

	Stealing flag/MCS indicator
	1
	0

	N-MAC header symbols
	N.A.
	8 
(1 GMSK symbol sequence)

	User payload symbols  (2nd part)
	57
	48 
(6 GMSK symbol sequences)

	Tail symbols
	3
	3

	Guard period
	8.25
	8.25


Table 1:  Burst format for legacy PDTCH and for N-PDTCH.

The lengths are given in number of narrow band sequences for the new burst in parenthesis. The need for stealing bits has not yet been identified in order to signal the coding scheme, thus the TSC length is extended to 30 symbols. The TSC design is shown in section 2.1.1. Within a single N-PDTCH burst a total of 14 GMSK symbol sequences is available for carrying data bits. In order to allow chase combining of radio blocks the two GMSK symbol sequences surrounding the TSC are reserved for carrying the N-MAC header.
TSC Design
Two design critera were followed for identifying suitable TSC’s for N-GSM:
1) The format should fit to the burst format depicted in Table 1 which has the same length as the normal burst format to be sent in a time slot and should maximise the signal energy. 
2) The TSC’s shall exhibit a low cross correlation with TSC’s from legacy TSC Set 1 in order to support multiplexing of N-GSM devices and legacy GPRS/EGPRS devices in the same PDCH with the constraint that the legacy devices are not expected to decode the new TSC’s for reading the USF and hence false USF detection is to be avoided. 
The first criterion allows to use a prolonged TSC of 30 symbols based on the 26 symbols of the legacy TSC and extended by 2 symbols on either side. The two symbols on either side are choosen such that the auto-correlation properties of the TSC are optimized. The extended TSC has increased energy and thus allows for a relative improvement in sensitivity up to 0.6 dB against the legacy TSC. 
With the second critrion, N-GSM is designed to support a different set of training sequences not compliant to legacy TSC Set 1. In particular the TSC set is based on TSC Set 2 for GMSK, optimized for concurrent users in a VAMOS channel by providing good orthogonality to TSC Set 1. In addition all training sequences are extended to 30 normal symbols. Table 2 depicts the TSC set for N-PDTCH. Further optimisation of the extension bits is envisaged.
	TSC
	Training sequence bits
(bit 0 ... bit 29)

	0
	(0,0,0,1,1,0,0,0,1,0,0,0,1,0,0,1,0,0,1,1,1,1,0,1,0,1,1,1,1,1)

	1
	(0,1,0,1,0,1,1,1,1,0,1,0,0,1,1,0,1,1,1,0,1,1,1,0,0,0,0,1,1,0)

	2
	(1,0,0,1,0,0,0,0,0,1,0,1,1,0,0,0,1,1,1,0,1,1,1,0,1,1,0,0,0,1)

	3
	(1,1,0,0,1,0,1,1,0,1,1,1,0,1,1,1,0,0,1,1,1,1,0,1,0,0,0,0,0,0)

	4
	(0,0,0,1,1,1,0,1,0,0,1,1,1,1,0,1,0,0,1,1,1,0,1,1,1,1,1,0,1,1)

	5
	(0,1,0,1,0,0,0,0,0,1,0,0,1,1,0,1,0,1,0,0,1,1,1,1,0,0,1,1,1,0)

	6
	(1,0,0,0,0,1,0,0,0,0,1,1,0,1,0,0,0,0,1,1,0,1,1,1,0,1,0,1,0,1)

	7
	(1,1,0,1,0,0,0,1,0,1,1,1,0,0,1,1,1,1,1,1,0,0,1,0,1,0,0,1,0,0)


Table 2:  TSC Set for N-PDTCH.
(Bits marked in blue stem from TSC Set 2 for GMSK in TS 45.002, bits in red identify extensions for N-GSM).

Precoding of Information into GMSK Symbol Sequences for N-PDTCH
Precoding selects a GMSK symbol sequence based on input bits. These GMSK symbol sequences in effect create 2-FSK+BPSK modulation waveforms over the duration of the GMSK symbol sequence, allowing for mapping a pair of data bits to 1 GMSK symbol sequence as shown in Table 3.

	Data bits
	GMSK symbol sequence
	Resulting phase
	Resulting FSK tone

	00
	00000000
	+1
	+1/(4TS) = +68 kHz

	01
	11111111
	-1
	+1/(4TS) = +68 kHz

	10
	10101010
	+1
	-1/(4TS) = -68 kHz

	11
	01010101
	-1
	-1/(4TS) = -68 kHz


Table 3:  Precoding using 2-FSK+BPSK modulation.

With the above precoding 28 data bits can be carried per burst. 4 bits of them are dedicated to transport encoded N-MAC header info, whilst 24 bits transport of encoded user data bits. 
RLC Block Structure for N-PDTCH
The information block, delivered to the channel encoder, has a fixed size of 186 information bits {d(0),d(1),...,d(185)}, is depicted in Figure 2 and constitute 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) 
· [bookmark: _Toc342304220]User payload data (160 bit)

	N-RLC header
	Parity information 
	User payload


Figure 2:  RLC block structure for N-PDTCH.

Channel Encoding
Channel encoding for N-PDTCH is done using convolutional encoding with constraint length 7 as described below. 
1. Addition of 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)
2. 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
Interleaving for N-PDTCH
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);
 }  
Block Structure for N-MAC header
Two GMSK symbol sequences in each burst are used to encode the N-MAC header as depicted in section 2.1. Thus a total of 64 bits is encoded over 32 GMSK symbol sequences available in 16 bursts (TTI = 80 ms).
N-MAC header block structure and encoding is different for uplink and downlink and is detailed below.
Downlink N-MAC Header
In downlink the N-MAC header payload size is 8 bits, see [3]. 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.
Block Structure for DL N-MAC header
Table 4 below provides high level 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  bits 

	Final Encoded Bits
	64 bits


Table 4:  Block Structure for DL N-MAC header.
Interleaving
N-MAC header is interleaved over 16 bursts (TTI = 80 ms). It is mapped to GMSK symbol sequences surrounding the TSC. Details are FFS. 
Uplink N-MAC header
In uplink the N-MAC header has a payload size of 4 bits, since it contains merely information about the block sequence number (NBSN).
Block Structure UL N-MAC header 
Table 5 below provides high level summary of the block structure and coding used in uplink N-MAC.




	UL N-MAC header part
	Value

	Payload bits
	4 bits

	Tail bits
	4 bits

	Convolutional coding
	1/4 

	Repetition
	Repetition of convolutional encoded bits (32) 

	Final Encoded Bits
	64 bits


Table 5:  Block Structure for UL N-MAC header.
Interleaving
N-MAC header is interleaved over 16 bursts (TTI = 80 ms) as follows. 
 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 GMSK symbol sequences surrounding the TSC. 
Block Repetition mode
Different block repetition modes can be configured for N-PDTCH:
· Using single block transmission with TTI of 80 ms.
· Using concatenated block transmission within M_init*80 ms based on initial block transmission with TTI of 80 ms and successive (M_init-1) repetitions with the same TTI. This results in an extended TTI of M_init*80 ms.
It is assumed that the block repetition mode is selected by the network and sent to the CIoT device at packet traffic channel assignment. The repetition mode is applicable for both N-PDTCH user payload and N-MAC header data.
Maximum Number of repetitions
Maximum number of repetitions to provide required coverage performance for target coverage is FFS. With the use of IP header compression at SNDCP layer it is possible to increase the number of repetitions to higher value without impacting throughput at layer above SNDCP.
Block Repetition in dual time slot mode for uplink
In order to reduce the overall latency of concatenated mode transmission for extreme coverage conditions, block repetition in dual time slot mode is configured. In this mode 16 bursts of single RLC block are mapped into 2 consecutive time slots per TDMA frame in 8 subsequent TDMA frames. In this mode single transmission of one RLC block fits into 40 ms TTI. The concatenated mode with 3 transmissions thus results in 120 ms TTI. In this mode N-MAC header is not used for chase combining.

The dual time slot transmission used here does not increase the bit energy, instead it is used to reduce the TTI, so that the required latency and throughput performance is achieved. 

PERFORMANCE Evaluation
Simulation Assumptions
Simulation assumptions for evaluating N-PDTCH performance are depicted in Table 6 below. The investigation here was limited to one precoding scheme.
	Parameter
	Value

	Logical Channel
	N-PDTCH

	Frequency band
	900 MHz

	Interference profile
	Sensitivity

	Input 
	ES/N0 

	Output
	- BLER for N-PDTCH user data
- BLER for N-MAC header data

	Propagation conditions
	TU 

	Mobile speeds
	1.2 km/hr (corresponding to 1 Hz Doppler)

	Frequency hopping
	non hopping

	BTS RF impairments
	Typical

	MS RF impairments
	Typical

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

	Block repetition mode
	· Single block transmission (TTI=80 ms)
- Concatenated  block transmission  (TTI=80ms, M_init = 3 resulting in extended TTI of 240 ms)

	Chase combining
	Maximum repetitions (M_max):
· Single block transmission: 11 or 14 repetitions
· Concatenated block transmission: 3 or 4 repetitions
Spacing between blocks used for chase combining: 
· 5 RLC blocks in between (single block transmission)
· no RLC block in between (concatenated block transmission)

	Antenna configuration
	BTS: 1Tx, 2Rx
MS: 1Tx, 1Rx

	Precoding
	2-FSK+BPSK modulation


Table 6: Simulation Assumptions for N-PDTCH performance evaluation.

For these simulations, a user data payload of 120 B was assumed, resulting in the transmission of 6 consecutive single N-RLC blocks or 6 N-RLC blocks in concatenated mode (with extended TTI of 240 ms), before a N-RLC block is retransmitted. For single block repetition mode, the spacing between chase combined radio blocks due to retransmissions using HARQ will thus be 6*TTI = 6*80 ms = 480 ms. For concatenated repetition mode in 240 ms, the chase combining spacing is 80 ms and 160 ms and for retransmissions due to HARQ enlarged to 6*240 ms =1440 ms, see [3].

The simulation results are presented for 11 and 14 repetitions with single block repetition mode and also for 3 and 4 repetitions for concatenated repetition mode.

Calculation of maximum possible transmission for achieving 160 bps throughput for transfer of MAR with IP header compression:
For transmission of MAR of 42B, MS generates IP packet of size 107 Bytes (IP header 65 bytes). At SNDCP/LLC layer with IP Header compression and addition of overhead for these layers, the LLC PDU generated for transmission will be of size 42 B+29 B (Reduced Header) +10 B = 81 B.
		
For 81 B RLC level payload, with RLC PDU size of 20 B, the number of transmissions calculated corresponds to 160 bps throughput with 10% BLER is 15 transmissions as given below:

Number of Maximum repetitions = [[107*8/160]*0.9]*1000ms / [[81*8/160]*80ms] = 14.86.


 Simulation Results
N-PDTCH performance was evaluated here only for the non-hopping channel as the performance limiting radio channel using the block encoding and burst structure as explained in section 2.
Downlink BLER for user data
Results for downlink N-PDTCH user data are shown in Figure 3 for single block transmission and in Figure 4 for concatenated block transmission.
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Figure 3: DL BLER vs Es/N0 for N-PDTCH, single block transmission. 
It is observed that for single block repetition mode the MCL of 164 dB, corresponding to Es/No = -6.3 dB, is met with a negligible BLER in both cases. 10% BLER is met with a margin of about 3.5 dB for 11 repetitions and 4.5 dB for 14 repetitions, which are spaced by 480 ms. 
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Figure 4: DL BLER vs Es/N0 for N-PDTCH, concatenated block transmission. 
It is observed that for concatenated block repetition mode the MCL of 164 dB, corresponding to Es/No = -6.3 dB, is again met with a negligible BLER. 10% BLER is met with a margin of about 4.7 dB for 4 retransmissions and 3.7 dB for 3 retransmissions both spaced by 1440 ms. 
Downlink BLER for N-MAC
Results for downlink N-MAC header data are shown in Figure 5 for single block transmission and in Figure 6 for concatenated block transmission.
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Figure 5: DL BLER vs Es/N0 for N-MAC, single block transmission. 
It is observed that for single block repetition mode (without repetition of N-MAC) the MCL of 164 dB, corresponding to Es/No = -6.3 dB, 10% BLER is met with a negative margin of 6 dB, i.e. MCL = 158 dB. 
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Figure 6: DL BLER vs Es/N0 for N-MAC, concatenated block transmission. 
It is observed that for concatenated block repetition mode (with 2 repetitions for N-MAC) and MCL of 164 dB, corresponding to Es/No = -6.3 dB, 10% BLER is met with a negative margin of only 0.8 dB. This is considered as sufficiently robust to provide the expected performance for the user payload data. 
Uplink BLER for user data
Results for uplink N-PDTCH user data are shown in Figure 7 for single block transmission and in Figure 8 for concatenated block transmission.
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Figure 7: UL BLER vs Es/N0 for N-PDTCH, single block transmission. 
It is observed that for single block repetition mode the MCL of 164 dB, corresponding to Es/No = -14.3 dB, is not met in both cases. 10% BLER is met with a negative margin of about 1.4 dB for 11 repetitions and only 0.5 dB for 14 repetitions, which are spaced by 480 ms.
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Figure 8: UL BLER vs Es/N0 for N-PDTCH, concatenated block transmission. 
It is observed that for concatenated block repetition mode the MCL of 164 dB, corresponding to Es/No = -14.3 dB,  10% BLER is met with a negative margin of 1.4 dB for 3 retransmissions and only 0.5 dB for 4 retransmissions spaced by 1440 ms. 
Uplink BLER for N-MAC
Results for uplink N-MAC header data are shown in Figure 9 for single block transmission and in Figure 10 for concatenated block transmission.

[image: ]
Figure 9: UL BLER vs Es/N0 for N-MAC, single block transmission. 
It is observed that for single block repetition mode (without repetition of N-MAC) and MCLof 164 dB, corresponding to Es/No = -14.3 dB, 10% BLER is met with a negative margin of 2.3 dB, i.e. MCL = 161.7 dB. 
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Figure 10: UL BLER vs Es/N0 for N-MAC, concatenated block transmission. 
It is observed that for concatenated block repetition mode (with 2 repetitions for N-MAC) and MCL of 164 dB, corresponding to Es/No = -14.3 dB, 10% BLER is met with a negative margin of only 0.3 dB. This is considered as sufficiently robust to provide the expected performance for the user payload data. 
Cross correlation between TSC Set for N-GSM and TSC Set 1 
	FFS
False USF detection performance for legacy devices
	FFS
N-PDTCH using dual time slot transmission in uplink
BLER performance for N-PDTCH using dual time slot configuration is shown in Figure 11 below.
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Figure 11: UL BLER vs Es/N0 for N-MAC, concatenated block transmission in dual time slot configuration. 
It is observed that the 10% BLER is met with a negative gain of only 0.2 dB versus Es/No=-14.3 dB (red line). The uplink data traffic channel performance using the model described in section 5.6 in TR 45.820 for the coverage and throughput evaluation is investigated in [5]. For this evaluation dual time slot transmission with 120 ms TTI was assumed for the uplink data traffic channel for the target MCL.
Discussion 
Performance evaluation for DL and UL indicates that the concatenated block repetition mode with extended TTI is required for the extreme MCL range up to 164 dB, whilst single block repetition is efficient for the MCL range from 144 dB up to around 158 dB.

Conclusion
In this contribution the N-PDTCH design for the N-GSM concept is presented and the sensitivity performance is assessed for the promising precoding scheme 2-FSK+BPSK. It is observed that the MCL target of 164 dB is met for N-PDTCH payload data in DL for single block repetition mode with 11 repetitions or 14 repetitions and also for concatenated block repetition mode with 3 or 4 retransmissions. The limiting factor has been identified to be N-MAC header, which requires the operation of the concatenated repetition mode for the extreme MCL range up to 164 dB. Performance for N-PDTCH payload data in UL is close to target MCL of 164 in case of concatenated repetition mode and inferior for single block transmission mode. 
This suggests that the concatenated block repetition mode with extended TTI is required for the extreme MCL range up to 164 dB, whilst single block repetition is efficient for the MCL range from 144 dB up to around 158 dB.

The TSC Set for N-GSM is proposed based on an extended length of 30 symbols and the TSC Set 2 previously defined for VAMOS. Evaluation of the cross correlation to TSC Set 1 and of the false USF detection performance for legacy devices are for further study.

The N-PDTCH design for extended coverage condition for the target MCL of 164 dB, requires further enhancements to achieve required throughput performance such as dual time slot transmission which has been evaluated to serve well.

The updates to the N-PDTCH design are included in the pCR to TR 45.820 [6].
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