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1
Introduction
In RAN#72bis, the following observations and agreements have been made regarding the MTC coverage enhancements:

Observations:

· To minimize system impact, it is important to only provide MTC UEs with the amount of coverage compensation that they need
· 36.888 sec 9.1 “Not all UEs will require coverage enhancement, or require it to the same amount. It should be possible to enable the techniques only for the UEs that need it.”

· The resources for the common channels (PBCH, PRACH) must target the worst condition MTC UE irrespective of the number of MTC UEs, and therefore are of significant importance for operational efficiency for operators
Agreements:
· The section 9.5 TPs addressing the common channels should include text on any observable diminishing returns for a technique

· Example: ~200 repetitions are required for 20dB, but ~50 repetitions are required for 17dB
· The RAN1#73 SI conclusion can capture diminishing returns with increase in resource utilization for coverage improvement

In this contribution, we present our views on these items as well as possible techniques that can reduce system overhead. 

2
Considerations for System Overhead
In order to achieve the target of 20 dB enhancements, repetition/power boost/ receiver techniques/small cell enhancements have been considered as both link level and system level solutions [1]. 

In this section, we discuss general considerations in terms of diminishing returns, as well as additional techniques that can be considered for further enhancements. 

2.1.
Design Considerations
The following factors can be considered when determining diminishing returns for coverage enhancements:
1. Overhead and system efficiency: e.g. transmissions such as long bundled PBCH/SIB may have large impact on the DL overhead if they have to be transmitted frequently. 

2. Power consumption: if there are devices that operate on battery, then power consumption will be a limiting factor especially with long bundled UL transmissions. 

3. Modem consideration: as pointed out earlier, due to the transmission phase continuity and tracking loop errors, one can not coherently average over long duration to achieve better channel estimation. At extremely low SNR, the channel estimation may become a bottleneck; further enhancements on RS would be needed to achieve better efficiency. 
Some examples of the PUSCH bundled transmissions are shown in Figures 1 and 2. With frequency error modeling, we clearly reach diminishing return already from 32 to 64 and then from 64 to 128 [2].  This can be seen in Figure 1 by observing that the gain at 10% BLER is much less than 3dB for each doubling of the bundling size. 

At the same time, without frequency error, as shown in Figure 2, the observable gain is close to 3dB for each doubling of the bundling size.  We can conclude that it is essential to consider frequency errors when evaluating the returns given by time domain bundling.  
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Figure 1. Bundling Gain with Frequency Error Modelling
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Figure 2. Bundling Gain without Frequency Error Modelling

Besides enhancements to small cells [3], some other enhancements can be considered to elleviate these issues. 

Bursty transmission of broadcast channels: the broadcast channels such as PBCH/SIB transmissions can have potentially large impact on the system efficiency. On one hand, PBCH/SIB need to be transmitted frequently to make sure MTC device can acquire relevant system information. On the other hand, if we repeat the PBCH/SIB 10 times with the current transmission periodicy of every 10 ms, the overhead would be too large.  Similarly, simple power boosting of the PBCH/SIB channel will incur similar large overhead. So there is a design tradeoff between the system acquisition delay and power consumption vs. system efficiency. 

One possible solution is to introduce the concept of MTC_subframes for bursty transmissions of broadcast channels, where the periodicity between the bursts of MTC_subframes is much larger than 10 ms. Both PBCH and SIB for MTC can be transmitted during these bursts [4]. 
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Figure 1 Sparse Transmission of Enhanced MTC_PBCH and SIB
Efficient data transmission procedures: with the traditional LTE design, both DL and UL transmissions are assigned with PDCCH/ePDCCH, and retransmissions are supported by HARQ. With bundled transmission, this may become PDCCH assignment with 100 repetitions, PUSCH transmission with 200 repetitions, ACK with 100 repetitions, PUSCH retransmission with repection, etc. Both from resource utilization and power consumption perspective, this is very costly. 
Two possible solutions are:
· Persistent scheduling with long DRX cycles, e.g. control_less operation for regular data transmissions, such as periodic meter reporting. This reduces the need of repeated PDCCH/ePDCCH. Note that current DRX cyclc as well as semi-persistent scheduling cycle is on the order of seconds, but the meter report can be significantly longer than that. 
· HARQ_less operation and rely on higher layer retransmission for delay tolerant traffic. This reduces the need of repeated ACK for both DL and UL. 
The main benefit of these operations is for power and signaling efficiency. 

3
Conclusion

In this contribution, we presented our view on some general considerations for MTC coverage enhancements.  

We make the following observations: 
· To determine diminishing returns for coverage enhancements, we need to consider:
· Overhead and system efficiency
· MTC device power consumption
· Modem implementation issues
· Expected frequency errors and phase noise
· Some procedural enhancements such as persistent scheduling with long DRX cycle and HARQ_less operations can be considered for power and signaling efficiency. 
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