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1   Introduction
3GPP has identified the need to improve coverage for MTC applications as specified in [1]. The goal is to achieve a 20dB improvement in coverage with respect to defined LTE cell coverage for low-cost MTC UEs, using very low rate traffic with relaxed latency. In the previous meeting, there is an agreement on the coverage requirements for PDSCH can be met by time domain repetition [2]. 
However, in the low SNR regime, the accurate channel estimation over multiple subframes may be difficult to be retrieved. The noisy channel estimation could degrade the performance of time domain repetition. Therefore, we propose a differential modulation and user assignment to minimize the impact of channel estimation error for PDSCH.
2 PDSCH coverage improvement by using convolutional -coded differential modulation 
In the previous meeting, there is an agreement on the coverage requirements for PDSCH can be met by time domain repetition [2]. However, due to the time-varying property of the wireless channel, the reception performance of PDSCH will still be degraded by non-accurate channel estimation, with which the estimation performance is limited by the existence frequency of RS. On the other hand, the transport block size (TBS) of MTC services is in general much smaller than that of normal users. In this situation, convolutional code with sufficiently large states have similar performance as that of turbo codes as well as has considerably lower decoding complexity. Due to the above observations, we suggest to use convolutional-coded differential modulation in the PDSCH. Conventional noise suppression approaches such as time-domain repletion and time/frequency spreading such as [3] can also be used for differential modulated signal. Eventually, the tail-biting convolutional code used in PBCH and PDCCH can be reused and introduce no additional hardware complexity to both transmitter and receiver. 
In additionally, to resolve the correlation of noise between consecutive symbols, it is suggested to assign consecutive symbols to different users as shown in Fig. 1. The interleaved user assignment can whiten the noise of consecutive symbols for the particular user. 
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Figure 1 Differential modulation and interleaved user assignment
Observation 1:  

When the wireless channel is varying due to frequency error or user mobility, the performance of channel estimation will be limited by the existence frequency of the reference signals and cause certain level degradation of PDSCH even when channel estimation over multiple subframes is adopted.

Observation 2: 

When the MTC service is dominant by small transport blocks, the decoding performance of convolutional codes is similar to that of turbo codes as well as considerably lower receiver complexity. 

Proposal 1:

Convolutional-coded differential modulation should be considered in downlink channel to avoid the performance degradation due to non-accurate channel estimation as well as has lower receiver complexity. Conventional noise suppression approach such as time-domain repetition can also be adopted for differential modulated signals. Moreover, the tail-biting convolutional code adopted in PBCH and PDCCH can be reused and introduce no impact to hardware complexity.
3 Simulation results

     We evaluate the performance of data transmission of proposed differential modulation scheme with tail-biting convolutional coding as used in PBCH and PDCCH. FDD system is considered in the simulation, with 160-bit transmission block size. Each modulated symbol is spread by spreading sequence with length 168 in an RB to suppress the noise, as illustrated in [3]. Note that spreading sequence is not necessary to be employed with the differential modulation scheme. Other approach to boost the effective SNR (e.g. time-domain repetition), can also be used. The frequency error is not modelled in the simulation. However, it can be expected that differential modulation is in general less sensitive to the time variation of the channel impulse response. Other simulation parameters are shown in appendix. 
    According to the simulation results, 10% iBLER can be achieved in about -21.4 dB SNR with 168 spreading code repetitions in an RB, and 10% iBLER can be achieved in -23.3 dB SNR with 168 repetitions in an RB and two-times repetition in time-domain.
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                          Figure 2 Simulation results
4 Conclusions

In this contribution, we propose a convolutional-coded differential modulation and interleaved user assignment scheme to avoid the performance degradation due to non-accurate channel estimation as well as reduce the receiver complexity.
Observation 1:  

When the wireless channel is varying due to frequency error or user mobility, the performance of channel estimation will be limited by the existence frequency of the reference signals and cause certain level degradation of PDSCH even when channel estimation over multiple subframes is adopted.

Observation 2: 

When the MTC service is dominant by small transport blocks, the decoding performance of convolutional codes is similar to that of turbo codes as well as considerably lower receiver complexity. 
Proposal 1: 

Convolutional-coded differential modulation should be considered in downlink channel to avoid the performance degradation due to non-accurate channel estimation as well as has lower receiver complexity. Conventional noise suppression approach such as time-domain repetition can also be adopted for differential modulated signals. Moreover, the tail-biting convolutional code adopted in PBCH and PDCCH can be reused and introduce no impact to hardware complexity.
Proposal 2:

As differential modulation is adopted, to avoid the correlated noise between consecutive symbols, it is suggested to assign consecutive symbols to different users as shown in Fig. 1.
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Appendix: Simulation Parameters

Table 1 Simulation parameter
	Parameter 
	Value 

	System bandwidth 
	10MHz 

	Frame structure 
	FDD 

	UL-DL configuration 
	N/A 

	Carrier frequency 
	2.0 GHz for FDD 

	Antenna configuration 
	1x2, low correlation for FDD 

	Channel model 
	EPA 

	Doppler spread 
	1Hz 

	TBS 
	160 bits 

	Number of DL RBs 
	50 

	Transmission mode 
	TM1 

	Frequency tracking error 
	0 Hz 

	Performance target 
	10% iBLER 

	Channel estimation 
	No channel estimation is needed for convolutional-coded differential modulation 

	The minimum required SINR 
	-19.3 dB 

	Output 
	10% iBLER can be achieved in about -21.4 dB SNR with 168 spreading code repetitions in an RB. 

10% iBLER can be achieved in -23.3 dB SNR with 168 repetitions in an RB and two-times repetition in time-domain.
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