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1 Introduction

One of the objectives within the Rel-13 work item on “Further LTE Physical Layer Enhancements for Machine Type Communications (MTC)” [1] is to specify coverage enhancement techniques for MTC applications. The channel design for Rel-13 low-complexity (LC) UEs must support coverage enhancement (CE) techniques for reasonable performance at a maximum coupling loss of 155.7 dB.
The Rel-13 LC/CE UEs in large coverage enhancement will use multiple repetitions of each channel to allow successful operation. In this contribution we discuss the bundle sizes for efficient data transmission for uplink (PUSCH) as well as the downlink (PDSCH). Additionally, we present simulation results for PUSCH throughput in large coverage enhancement with different bundle sizes. The simulation parameters are those specified in [2] and in the Annex.
2 Discussion
The discussion and simulations for data transmission in MTC (both the uplink as well as the downlink) has focused on the relative gains from different coverage enhancement techniques. The aim of these coverage enhancement techniques is to reduce the bundle size required to achieve the desired performance target at a maximum coupling loss of 155.7 dB (for UEs with maximum transmit power restriction of 23 dBm as well as 20 dBm). In addition to the performance target the bundle size for data channels is a factor of, e.g. the transport block size, channel impairments, and the choice of receiver algorithms.
The current studies have utilized the EPA channel model (and ETU to some extent), with reasonable assumptions on the Doppler, frequency offset, etc. However in practical deployments, the channel conditions are expected to be quite diverse, causing some deviation in the expected performance. For example, it is possible that smaller frequency diversity gains are achieved, for e.g. due to scheduling constraints and smaller system bandwidth. Similarly, the performance of receiver algorithms such as frequency offset estimation, cross-subframe and cross-PRB channel estimation is expected to vary on account of the implementation goals and associated trade-offs. These considerations must be taken into account when defining bundle sizes for PUSCH and PDSCH.

In [3], it was shown that using a larger transport block size (TBS) is useful to improve the effective data rate, on account of smaller MAC + RLC overheads. For example, increasing the TBS from 72 bits to 504 bits improves the effective data rate by as much as 81%. This increase in effective data rate is especially important for Rel-13 LC/CE UEs in medium to large coverage enhancement, since they are expected to have poor spectral efficiency. Therefore it is expected that Rel-13 LC/CE UEs in medium to large coverage enhancement will use as large transport blocks as feasible. To support such transport blocks, somewhat larger bundle sizes might be useful to achieve sufficiently good BLER and throughput targets.

In large coverage enhancement, all channels have to be repeated several times, implying that the overhead of control signalling and ACK/NACK would use up a significant amount of the system resources as well as increase the UE power consumption. Additionally, the BLER vs SNR characteristics dictate that at low enough BLER levels (e.g. 10% and lower), the throughput increases on lowering the BLER target. Therefore, it may also prove useful in the future to aim for lower BLER targets, to minimize ACK/NACK signalling and retransmissions and increase the throughput.
In the Rel-13 work item, it was decided to restrict the transport block size (TBS) for uplink and downlink data transmission to approximately 1000 bits for cost/complexity savings. The PUSCH throughput for a TBS of 1032 bits is shown in Figure 1. It is observed that at the large coverage enhancement levels, there is a significant gain from using bundle sizes spanning up to 2048 subframes.  
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Figure 1 PUSCH throughput at the target maximum coupling loss (MCL) of 155.7 dB can be improved significantly by using a large enough bundle size.
Proposal 1 Rel-13 LC/CE UEs in large coverage enhancement support bundle sizes up to 2048 subframes for PUSCH.
For PDSCH, ~512 repetitions seem to be sufficient for the largest TBS (~1000bits) when frequency hopping is used, and for the worst studied channel EPA. However in practice, the required bundle size could typically be larger depending on the scenario and on the considerations discussed above. Therefore, allowing larger bundle sizes is expected to be useful in achieving the stated coverage enhancement goals, and have reasonable throughputs for PDSCH even at the largest coverage enhancement level in practical deployments. 

Proposal 2 For Rel-13 LC/CE UEs in large coverage enhancement support bundle sizes up to 2048 subframes for PDSCH.

3 Conclusions

Based on the discussion, we have the following proposals:
Proposal 1
Rel-13 LC/CE UEs in large coverage enhancement support bundle sizes up to 2048 subframes for PUSCH.
Proposal 2
For Rel-13 LC/CE UEs in large coverage enhancement support bundle sizes up to 2048 subframes for PDSCH.
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Annex: Simulation Parameters
	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Antenna
	1×2, low correlation

	Channel Model
	EPA, 1 Hz Doppler

	Carrier Frequency Offset
	25 Hz

	TBS
	1032 bits

	Cross-SF channel est filter length (PUSCH)
	4 subframes

	Frequency hop bandwidth
	50 PRBs
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