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1 Introduction
The latest TR 45.820 [1] contains two clean-slate proposals that have detailed description of the physical layer, namely NB M2M and NB-OFDMA. For both these candidate solutions, interim evaluation results for link level, system level, latency and battery life have been presented showing broadly comparable performance. 
The sourcing companies have observed that there are many close similarities between the NB-OFDMA and NB M2M clean-slate solutions. Therefore, the sourcing companies have carefully considered the design choices within the two proposals, and have determined how the best elements of each solution can be combined to create a single superior candidate. This submission describes the proposed way forward for a converged candidate solution which offers improved performance compared with each existing solution.

The aim of the sourcing companies is to complete the study item at GERAN#67 and then proceed to the normative work within Release 13 in RAN [2]. 

2 Proposed way forward
For the downlink, the sourcing companies have concluded that NB-OFDMA has technical advantage over NB M2M for the following reasons:

· NB-OFDMA achieves high bandwidth efficiency and flexible time/frequency resource provisioning.

· NB-OFDMA easily supports frequency hopping to facilitate interference management.

· A wideband synchronization signal allows devices to achieve fast and accurate acquisition with low receiver complexity and is robust to large initial carrier frequency errors (up to 20 kHz).
· Multi-tone broadcast channel reduces power consumption to receive periodic paging and system information messages.

· Using NB-OFDMA on the downlink minimises interference to co-located LTE in adjacent channels.
For the uplink, the sourcing companies have concluded that NB M2M has technical advantage over NB-OFDMA for the following reasons:
· Single-carrier GMSK modulation provides constant envelope modulation and results in a power efficient, low complexity design for the MS transmitter.
· Uplink sub-channel bonding allows higher data rates to be achieved for MS devices which have good coverage, while retaining the benefits of constant envelope modulation and low complexity implementation.

· No timing advance is necessary because the uplink sub-channels are separated in frequency rather than relying on maintaining orthogonality between different users.
· Optional support for single-carrier PSK modulation provides higher uplink data rates and improved spectral efficiency. 

3 Technical highlights for converged solution

Indicative parameters for the converged solution are shown in Table 1. 
Table 1: Indicative parameters for converged solution

	
	Downlink
	Uplink

	Multiple access
	OFDMA
	FDMA

	Sub-channel symbol rate
	3.75 kHz
	3.75 kHz

	Sub-channel spacing
	3.75 kHz
	5 kHz

	Number of sub-channels
	48
	36

	Maximum transmit power 
	43 dBm
	23 dBm

	Modulation mandatory
	BPSK, QPSK
	GMSK

	Modulation optional
	16QAM
	BPSK, QPSK, 8PSK

	Pulse shaping
	Wideband spectral 
shaping
	Symbol rate shaping

GMSK: BT=0.3
PSK: root-raised cosine

	FFT size
	64
	-

	Cyclic prefix
	6 samples
	-

	Sub-channel bonding
	-
	x2, x4, x8

	FEC
	Tail biting convolutional 
	Turbo


	FEC coding rates
	1/3, 1/2, 2/3
	Variable, based on mother code rate 1/3

	Repetition factors
	1 to 8
	1 to 8

	PSCH
	Wideband (~180 kHz)
	-


4 Summary
The sourcing companies have observed that there are many close similarities between the NB-OFDMA and NB M2M clean-slate candidate solutions. Therefore, the sourcing companies have carefully considered the design choices within the two proposals, and have determined how the best elements of each solution can be combined to create a single superior candidate. The technical highlights of the converged solution have been described in this submission.
The sourcing companies plan to add the converged solution to TR 45.820 [1] in future meetings with the aim to complete the study item at GERAN#67 and then proceed to the normative work for clean-slate within Release 13 in RAN. 
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