3GPP TSG GERAN#65
GP-150197
Shanghai, P. R. China
Agenda Item 7.1.5.3.5
9th – 13th March, 2015


Source: Nokia Networks
Narrowband Hybrid Modulation 
– NB-PDTCH design and performance 
1. Introduction

This contribution depicts the NB-PDTCH design for the NB Hybrid Modulation concept proposal described in [1], which is foreseen to be included in the Technical Report for Cellular IoT [3]. Section 2 describes design aspects such as burst format for NB-PDTCH and layer 1 parameter settings. Performance for NB PDTCH is investigated in section 3 and further proceeding is outlined in the conclusion in section 4. 
2. DESIGN FOR NB-PDTCH
This section describes the NB-PDTCH design in terms of burst format and layer 1 parameter settings. 
2.1 Normal burst format for NB PDTCH
The narrow band (NB) sequences with length of 8 symbol periods fit into the current burst structure with minor modifications. Table 1 shows the length of different sections of a burst in normal symbol periods TS. The lengths are given in number of 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. For the prolongeded TSC the legacy TSC is used as basis 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. 

	Burst Content
	PDTCH normal burst
	NB PDTCH burst 

carrying NB sequences in payload

	Front tail symbols
	3
	3

	Payload symbols (first part)
	57
	56 (7 NB sequences of 8 symbols)

	Stealing flag/CS indicator
	1
	0

	Training Sequence
	26
	30

	Stealing flag/MCS indicator
	1
	0

	Payload symbols (second part)
	57
	56 (7 NB sequences of 8 symbols)

	Tail symbols
	3
	3

	Guard period
	8.25
	8.25


Table 1:  Burst format used for NB PDTCH.

2.2 Layer 1 Parameters for NB-PDTCH
Layer 1 parameters for NB-PDTCH (narrow band PDTCH) for five transmit configuration sets based on four precoding options [1] are summarised in Table 2 with possible improvement in sensitivity with CS1 of GPRS as a reference. 

Impact to Layer 2 is minimised by using coding scheme (CS1, CS1’’) for pre-coded GMSK that is slightly modified from existing CS1 with puncturing of 4 additional bits per RLC/MAC block (if tail-biting is used during encoding) or 8 additional bits per RLC/MAC block (if tail-biting is not used). CS1’’’ with 1/3 rate convolutional coding exploits AMR polynomials (K=7) and exceeds 200 bps physical layer throughput at 10% BLER. Indeed further modified CS1’’’’ with 1/3 rate convolution code is used for pre-coded 8PSK with higher gross bit rate. 

TTI is extended from current 20ms to 80ms, 120ms or 160ms.
	Precoding scheme
	Legacy GMSK
	BPSK
	2-FSK+BPSK
	2-FSK+BPSK
	4-FSK
	4-FSK+BPSK

	Modulator
	GMSK
	GMSK
	GMSK
	GMSK
	8PSK
	8PSK

	Duration of NB symbol sequence
	N.A.
	8 x 3.69 = 29.52 µs
	29.52 µs
	29.52 µs
	29.52 µs
	29.52 µs

	Bandwidth for NB symbol sequence
	N.A.
	1/(8TS)

34 kHz
	1/(8TS)

34 kHz
	1/(8TS)

34 kHz
	1/(8TS)

34 kHz
	1/(8TS)

34 kHz

	NB symbol sequences per burst
	N.A.
	14
	14
	14
	14
	14

	Number of m-FSK tones
	N.A.
	1
	2
	2
	4
	4

	Keying of NB symbol sequences
	-
	BPSK
	BPSK
	BPSK
	-
	BPSK

	Data bits per NB symbol sequence
	N.A.
	1
	2
	2
	2
	3

	Gross bit-rate (kbps)
	22.8
	2.8
	5.6
	5.6
	5.6
	8.4

	TTI
	20 ms
	160 ms
	80 ms
	120 ms
	80 ms
	80 ms

	Bits per TTI
	456
	448
	448
	672
	448
	672

	Coding scheme
	CS1
	CS1’
	CS1’’
	CS1’’’
	CS1’’
	CS1’’’’

	Block code
	FIRE
	FIRE
	FIRE
	-
	FIRE
	FIRE

	Convolution code
	1/2
	1/2
	1/2
	1/3
	1/2
	1/3

	Constraint length
	5
	5
	5
	7 
	5
	5

	Maximum number of transmissions with chase combining
	N.A.
	4
	8
	8
	8
	8

	Effective code rate
	0.40
	0.41
	0.41
	0.32
	0.41
	0.27

	Peak throughput
	8.0 kbpsNote 1
	1.0 - 0.25kbps
	2.0 – 0.25 kbps
	1.8 - 0.23 kbps Note 2
	2.0 – 0.25 kbps
	2.0 – 0.25 kbps

	Relative sensitivity at 10% BLER
	0 dB
	FFS
	FFS
	FFS
	FFS
	FFS

	Relative sensitivity at 200 bps with chase combining
	0 dB
	FFS
	FFS
	FFS
	FFS
	FFS


Note1: based on 3GPP TS 43.064 excluding RLC header and USF

Note2: for payload including RLC header and USF 

Table 2:  Layer 1 parameters for NB PDTCH.

3. PERFORMANCE Evaluation
3.1 Simulation Assumptions

Simulation assumptions for evaluating NB-PDTCH performance are depicted in Table 3 below. The investigation here was limited to one precoding scheme.
	Parameter
	Value

	Logical Channel
	NB PDTCH

	Frequency band
	900 MHz

	Interference profile
	Sensitivity

	Input 
	ES/N0 

	Propagation conditions
	TU 

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

	Frequency hopping
	ideal hopping / non hopping

	BTS RF impairments
	typical

	MS RF impairments
	typical

	Frequency error model 
	typical (model is described in section 2.1 of [2])

	Chase combining
	based on 8 or 12 repetitions

	Antenna configuration
	BTS: 1Tx, 2Rx

MS: 1Tx, 1Rx

	Modulation and coding schemes
	2-FSK+BPSK with precoded GMSK (CS1’’)



Table 3: Simulation Assumptions for NB-PDTCH performance evaluation.
3.2 Simulation Results
NB-PDTCH performance was evaluated both for ideal hopping and non-hopping channel for precoded GMSK and CS1’’ with layer 1 parameters as defined in Table 2. 

3.2.1 Downlink

Results for downlink are shown in Figure 1. It is observed that the required ratio for Es/No =-6.3 dB is met for 8 and 12 repetitions in case of ideal hopping channel with a margin of at least 4 dB. It is also met for 12 repetitions in non-hopping channels with a margin of around 1.5 dB, whilst it is not met for 8 repetitions (negative margin of -0.3 dB).
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Figure 1: BLER vs Es/N0 for NB-PDTCH (Downlink). 
3.2.2 Uplink

Results for uplink are shown in Figure 2. It is observed that the required ratio for Es/No =-14.3 dB is neither met in case of ideal hopping channel nor non-hopping channel for 8 or 12 repetitions, respectively. For ideal hopping channel and 12 repetitions the negative margin is only -0.5 dB, whilst around -2 dB for 8 repetitions. For non-hopping channel the negative margin is higher, i.e. -3 dB for 12 repetitions and -4.5 dB for 8 repetitions.
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Figure 2: BLER vs Es/N0 for NB-PDTCH (Uplink). 

3.3 Discussion 

Performance for DL meets the MCL target of 164 dB in case 12 repetitions are applied. There against performance for UL is observed to need improvement. Thus it is for further study to use convolutional codes with higher constraint length than K=5 or add incremental redundancy for NB PDTCH in combination with two time slots in order to increase redundancy via increased number of repetitions to overcome the gap towards the MCL = 164 dB target.

4. Conclusion

In this contribution the NB-PDTCH design for the NB Hybrid Modulation concept is presented and the sensitivity performance is assessed for one promising precoding scheme 2-FSK+BPSK with precoded GMSK. It is observed that the MCL target of 164 dB is met for DL in case 12 repetitions. There against performance for UL is observed to need improvement, since a performance gap of 0.5 dB for a frequency hopping channel and of 3 dB for a non-hopping channel is observed for 12 repetitions. Such improvements may include the addition of incremental redundancy in combination with two time slots to overcome to overcome the gap towards the MCL = 164 dB target, which requires further study. Also other precoding schemes with higher constraint length (K=7) are being studied.
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