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Introduction
In this contribution, we present our views on the coverage enhancements for PDSCH/PUSCH. With the increase of bundle size of PDSCH/PUSCH, the channel estimation becomes a bottleneck. Therefore, it is important to consider the impact of receiver techniques as well as transmitter requirements for PDSCH/PUSCH with extended bundle size.
In RAN1#75, the following conclusions were made for PDSCH/PUSCH bundled transmissions:

Agreements:
· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
Agreements:
· For UEs in enhanced coverage mode for MTC,
· Repetition of PUSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
Agreements:

· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
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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 TTIs 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 can we expect to change batteries for these devices if they are not plugged in?
In this contribution we focus on the implementation requirements for long bundled communications. 

3.
PDSCH/PUSCH Bundling
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.  

3.1 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:

1. 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. 

2. Note that each of the bundling in the above connection setup may be 100 TTIs long.

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

a. 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. 

b. MTC traffic is significantly sparser than smartphone, however, with each transmission and reception repeated 100 times, the device battery consumption will be a main design challenge. 

Therefore, it is desirable to reduce the total transmit/receive time from the device as much as possible: 

· Persistent scheduling of MTC traffic

· Since most of the meter applications have regular packet size and reporting periodicity, it is possible to exploit these characteristics for persistent scheduling. 

· MTC device signals network its traffic pattern

· Network configures persistent assignments for both DL and UL 

· CSS Design Options

· For the common search space control channels, we can have fixed assignments for SIB/RAR/paging

· Another alternative is to design a new bundled PDCCH/ePDCCH common search space, but this is less efficient in terms of power efficiency. 
· RACH messages
· After UE transmit bundled RACH, it searches bundled Msg 2 with fixed size mapped to the bundle size of Msg 1. 
· This avoids blind detection from the UE for multiple lengths PDSCH or (e)PDCCH (if it is scheduled by (e)PDCCH). 
In summary, we propose the following:

Proposal 1: 

 Consider fixed assignment for MTC SIB/RAR/paging and consider persistent assignment for MTC traffic. 
3.2 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. 

The following implementation issues have to be considered to achieve efficient bundling operation:

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

b. For TDD systems, if the transmission direction changes across different subframes, can we still assume coherence across many subframes? 
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 requirement for eNB Rx processing across extended TTI bundling at such low SNRs. 
[image: image1.emf]-25 -20 -15 -10 -5 0

10

-2

10

-1

10

0

ETU3km/hr, No Frequency Error, PUSCH, RB1, MCS0

snr [dB]

FER

 

 

B=1

B=4, no comb.

B=4

B=32, no comb.

B=32

B=64, no comb.

B=64

B=128, no comb.

B=128


Figure 1. Comparison between Different eNB Receiver Processing without Frequency Error Modelling 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 returns 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 requirement for UE Tx phase coherence across extended TTIs.  
Proposal 2: 
Send an LS to RAN4 to ask about expected eNB performance with extended bundling and expected UE Tx phase coherence to allow coherent channel combining. 
3.3 Timing Relationship between Control and Data
It has been agreed that for UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
One simple mapping is to apply similar rules as UL scheduling and transmission, i.e. bundled PDSCH will start at n+k from the end of the PDSCH bundled transmission, e.g. k=4 for FDD. 

This fixed mapping has the following benefit:

1. Similar principle for both UL and DL. UE detects bundled PDCCH, at n+k transmit PUSCH and/or receive PDSCH. For TDD, different k can be applied for PUSCH and PDSCH according to the transmission direction of the subframe. 

2. For a low complexity UE, it has sufficient time to buffer and decode PDCCH before it transmits PUSCH or receive PDSCH. 

Proposal 3
Bundled PDSCH and PUSCH starts at n+k subframes after the ending of bundled control channel at n subframe, where k=4 for FDD. 
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Conclusion

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

We make the following observations and proposal: 

Proposal 1: 

 Consider fixed assignment for MTC SIB/RAR/paging and consider persistent assignment for MTC traffic. 
Proposal 2: 

Send an LS to RAN4 to ask about expected eNB performance with extended bundling and expected UE Tx phase coherence to allow coherent channel combining. 
Proposal 3
Bundled PDSCH and PUSCH starts at n+k subframes after the ending of bundled control channel at n subframe, where k=4 for FDD. 
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