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1 Introduction
At the RAN1#72 meeting, simulation assumptions for PDSCH and PUSCH transmissions [1] were agreed for further evaluation of potential coverage enhancement techniques such as

· Repetitions/TTI bundling/ HARQ retransmission/spreading/RLC segmentation/ low rate coding

· PSD boosting
· Design new channels or signals
In this contribution, we investigate via link simulations the feasibility of techniques combining PDSCH repetition with HARQ retransmission for achieving a 20dB coverage improvement.
2 PDSCH repetition combined with HARQ retransmission
2.1 Simulation results
Simulations for FDD PDSCH transmissions were conducted according to the simulation assumption shown in Table 1. As for PDSCH repetition, same PDSCH symbols and CRS symbols are repeated over 2, 4, or 8 (referred to “repetition factor”) consecutive subframes, and a set of consecutive subframes carrying the same PDSCH and CRS is called as “a PDSCH bundle”. Two types of practical channel estimation methods are considered; single-subframe based channel estimation and one PDSCH bundle based channel estimation. PDSCH HARQ retransmission is assumed based on HARQ-ACK feedback from the MTC UE for the received PDSCH bundle (i.e. one HARQ-ACK for the bundle), assuming that there is no HARQ-ACK misdetection at the eNB. In each HARQ transmission, one PDSCH bundle is transmitted, and the number of HARQ processes and the HARQ RTT are dependent on the PDSCH repetition factor (i.e. the PDSCH bundle size). For the case of PDSCH repetition, the HARQ RTT is the time duration between the starting time of one PDSCH bundle transmission and the starting time of the next PDSCH bundle transmission in the same HARQ process.  
Table 1 Simulation assumptions on PDSCH

	Parameter
	Value

	System bandwidth
	1.4MHz

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz 

	Antenna configuration
	2x2, low correlation 

	Channel model
	EPA

	Doppler spread
	1Hz

	MCS
	0

	Number of DL RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	100Hz or 20Hz

	PDSCH repetition factor
	2, 4, or 8

	Channel estimation
	ideal channel estimation, 
single subframe based channel estimation, or 
one PDSCH bundle based channel estimation 
(PDSCH bundle size: 2, 4, or 8 subframes)

	The minimum required SINR
	-19.3dB 

	Maximum HARQ transmissions
	8

	Number of HARQ processes/  HARQ RTT(ms)
	No repetition: 8/8
Repetition factor 2: 5/10 

Repetition factor 4: 3/12
Repetition factor 8: 2/16


Figure 1 presents PSDCH throughput performances with ideal channel estimation for various numbers of maximum HARQ transmissions. In each HARQ transmission, only one PDSCH is transmitted without PDSCH repetition. For SNR lower than -16dB, the maximum 40 HARQ transmission scheme performs similarly as the maximum 150 HARQ transmission scheme. That is, it is observed that retransmissions or repetitions more than 40 times do not provide additional gain in terms of the achieved data rate. 

Figure 2 shows PSDCH throughput performances with ideal or single-subframe based channel estimation for the cases of the maximum 4 or 150 HARQ transmissions (no PDSCH repetition, 8ms HARQ RTT). With single-subframe based channel estimation, ~0.7kbps data rate at -19.3dB SNR is achieved with the maximum 150 HARQ transmissions.
While Figure 1 and Figure 2 provide the achieved data rate with using only HARQ retransmissions, Figure 3 and Figure 4 show the throughput results obtained from the combined method of PDSCH repetition and HARQ retransmission for the cases of 20Hz and 100Hz frequency errors, respectively. That is, HARQ operation of the maximum 8 transmissions is performed over the PDSCH bundle of size 2, 4, or 8 subframes. Figure 5 provides BLER for the initial PDSCH bundle transmission. Channel estimation is based on single-subframe for the case of no PDSCH repetition or based on one PDSCH bundle for the cases of PDSCH repetition. The simulation results are summarized in Table 2 in terms of throughput performances at -19.3dB SNR and throughput gains of PDSCH repetition. If the frequency tracking error is 20Hz, PDSCH repetition with repetition factor 8 can provide up to 6.2kbps data rate for 6PRB transmissions, equivalently the spectral efficiency of 0.0057bits/s/Hz. With 100Hz frequency error, the gain of PDSCH repetition becomes smaller due to large phase rotation of effective channel over time, and 1.4kbps data rate (spectral efficiency of 0.0013bits/s/Hz) is achieved by PDSCH repetition of 4 times.
Table 2 Throughput performance at -19.3dB SNR and throughput gain of PDSCH repetition
	Frequency error (Hz)
	Throughput (kbps)
	Throughput gain over no repetition (%)

	
	No repetition
	Repetition factor 2
	Repetition factor 4
	Repetition factor 8
	Repetition factor 2
	Repetition factor 4
	Repetition factor 8

	20 Hz 
	0.1
	1.8
	5.6
	6.2
	1700
	5500
	6100

	100 Hz 
	0.1
	1.3
	1.4
	-
	1200
	1300
	-
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Figure 1 PSDCH throughput performances with ideal channel estimation for various numbers of maximum HARQ transmissions (no PDSCH repetition, 8ms HARQ RTT) 
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Figure 2 PSDCH throughput performances with ideal or single-subframe based channel estimation, maximum 4 or 150 HARQ transmissions (no PDSCH repetition, 8ms HARQ RTT)
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Figure 3 PSDCH throughput performances for PDSCH repetitions combined with max 8 HARQ transmissions of one PDSCH bundle, non-ideal channel estimation, 20Hz frequency tracking error 
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Figure 4 PSDCH throughput performances for PDSCH repetitions combined with max 8 HARQ transmissions of one PDSCH bundle, non-ideal channel estimation, 100Hz frequency tracking error 
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Figure 5 BLER for the initial PDSCH bundle transmission, practical channel estimation based on one PDSCH bundle
2.2 Discussion
It is assumed [2] that the low-cost MTC UE requiring the 20dB coverage improvement has very low rate traffic with relaxed latency requirement (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink). Table 2 shows that PDSCH repetition combined with HARQ retransmission can provide 1.3~6.2 kbps data rate depending on the frequency tracking error, which can meet the traffic requirement described in [2]. To maximize the benefit of PDSCH repetition, it is important for the UE receiver to accurately estimate and compensate the frequency error. 
In the simulation, the same resource allocation in frequency (full channel bandwidth allocation in 1.4MHz system bandwidth) was assumed for the PDSCH bundle. However, using different PRBs in each subframe within the PDSCH bundle for a larger system bandwidth (e.g. 10MHz) may improve the performance by exploiting the channel frequency diversity. If inter-subframe frequency hopping within the PDSCH bundle is employed based on a predefined hopping pattern, only one scheduling grant signalling can be used for each PDSCH bundle and the issue of a relatively large PDCCH overhead compared to a small PDSCH payload size [3] can be alleviated. 

In the simulation, we assume the ideal HARQ-ACK feedback. However, in practice, reliable PUCCH transmission is also challenging for the low-cost MTC UE requiring the 20dB coverage enhancement. Thus, mechanisms not requiring HARQ-ACK feedback may need to be considered. The network may configure a fixed number of HARQ retransmissions based on UE RSRP measurement reports or the received uplink signal level. Alternatively, the MTC UE can determine a required number of HARQ transmissions based on the estimated SNR and inform the network of the determined fixed number of HARQ transmissions. The impact of fixed number of HARQ retransmissions on the throughput performance needs to be further evaluated. Upper layer ARQ can be used to handle unsuccessful packets.
3 Conclusions

For coverage improvement of downlink data channel, a combined method, which performs PDSCH repetition over consecutive subframes (PDSCH bundling) and HARQ retransmission of a PDSCH bundle, was evaluated. PDSCH repetition of repetition factor 4 along with maximum 8 HARQ transmissions (and ideal HARQ-ACK feedback) of the PDSCH bundle provides significant performance improvement both for 20Hz and 100Hz frequency errors and can meet the low rate traffic requirement for the low-cost MTC UE. To avoid relying on PUCCH coverage improvement (for HARQ-ACK feedback), fixed number of HARQ retransmissions for the PDSCH bundle without HARQ-ACK feedback should be further investigated.
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