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1
Introduction
In RAN#60, the work item for MTC is approved with the following aspects regarding coverage enhancements [1]:

· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.

NOTE: 
Additional techniques primarily intended to mitigate spectrum efficiency impacts of enhanced coverage (evaluated in TR36.888) [2] are not included in this work item. However, an exception may be considered for techniques where adding an enhancement later would not be feasible (e.g. those impacting common channels). 
In this contribution, we present our views on the modem implementation considerations for MTC coverage enhancements. In contribution [3] we present our views on the power considerations for MTC coverage enhancements. 
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General considerations for coverage enhancements

In order to achieve the target of 15 dB enhancements, repetition/power boost/ receiver techniques/small cell enhancements have been considered as both link level and system level solutions [2]. For the WI, the scope has been reduced to link level solutions [1]. In this section, we discuss general considerations in terms of power consumption and modem implementation for extended TTI bundling.  

The following factors need to be considered when determining the extent of TTI bundling for coverage enhancements:

1. Power consumption considerations: with 15 dB coverage enhancement requirements, most of the supported DL and UL channels need to be either power boosted or repeated. For example, the following may be needed for each of the UE wake up:

a. Bundled RACH transmission, bundled PDCCH indicating bundled PDSCH for narrowband Msg 2, bundled PUSCH for Msg 3, and bundled PDCCH and bundled PDSCH for narrowband Msg 4, etc. 

b. Note that each of the bundling in the above connection setup may be 100 TTI long.

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

c. C-DRX and I-DRX are designed to provide battery saving for smartphones. Even with these techniques, typical smartphones are charged weekly if not daily. 

d. MTC traffic is significantly sparser than smartphone, however, with each transmission and reception repeated 100 times, how often we expect to change batteries for these devices if they are not plugged in?
2. Modem implementation considerations: so far, most evaluations are done without much modeling of the RF noise and implementation impact. For very large TTI bundling, coherent channel combining over multiple subframes at eNB Rx as well as phase coherence over time at the UE Tx may be required. 

a. To what extend can we assume phase coherence across subframes for the cheap devices?

b. For TDD systems, if the transmission directions change across different subframes, can we still assume coherence across many subframes? 
The power consumption impact and system efficiency improvements are discussed in [3], in this contribution we focus on the implementation requirements for long bundled communications. 

3.
Implementation Requirements for Long Bundling

Some examples of the PUSCH bundled transmissions are shown in Figures 1 and 2. 
eNB receiver requirements:
Figure 1 shows the performance comparison for long bundling with and without channel estimation combining at the eNB side. As we can see, with proper channel estimation combining, the performance gain improves roughly linearly with each doubling of the bundle size. In other words, eNB assumes that the channel is slowly varying and there is phase coherence from the UE Tx. On the other hand, if the eNB does not combine across subframes, as in most general case, then the performance becomes limited by the channel estimation as the bundle size increases. Furthermore, in these simulations, perfect frequency and timing tracking loops are assumed at the eNB, even though we are operating 15 dB below the minimum operating region from today. 
Observation 1:

Even with perfect UE Tx, eNB receiver processing such as channel estimation and tracking loops makes a big difference in achievable TTI bundling gain. Note that currently there is no RAN4 requirements for eNB Rx processing across extended TTI bundling at such low SNR. 
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Figure 1. Comparison between Different eNB Receiver Processing without Frequency Error Modeling at UE Tx
UE transmitter requirements:

The coherent channel estimation combining requires both the slow varying channel as well as phase coherence across subframes. With the low cost devices for MTC and lack of requirement on the phase continuity from RAN4, the bundling gain may be limited, and this impact is shown in Figure 2 with some uncompensated frequency errors. Note that this type of frequency error can be also caused by inaccurate frequency tracking loop at the eNB at extremely low SNR regions. 
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 2 by observing that the gain at 10% BLER is much less than 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 2. Bundling Gain with Frequency Error Modelling

Observation 2:

Even with enhanced eNB processing and almost static channel assumption, the Tx phase coherence has big impact on achievable TTI bundling gain. Note that currently there is no RAN4 requirements for UE Tx across extended TTIs.  
Proposal: 
Send an LS to RAN4 to define eNB performance requirements with extended bundling and UE Tx requirements to allow coherent channel combining. 

3
Conclusion

In this contribution, we presented our view on modem implementation considerations for MTC coverage enhancements.  

We make the following observations and proposal: 

Observation 1:

Even with perfect UE Tx, eNB receiver processing such as channel estimation and tracking loops makes a big difference in achievable TTI bundling gain. Note that currently there is no RAN4 requirements for eNB Rx processing across extended TTI bundling at such low SNR. 
Observation 2:

Even with enhanced eNB processing and almost static channel assumption, the Tx phase coherence has big impact on achievable TTI bundling gain. Note that currently there is no RAN4 requirements for UE Tx across extended TTIs.  
Proposal:
Send an LS to RAN4 to define eNB performance requirements with extended bundling and UE Tx requirements to allow coherent channel combining. 
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