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1. Introduction

During RAN #57 meeting, RP-121441 “Updated SID on: Provision of low-cost MTC UEs based on LTE” was approved.  The coverage enhancement target was determined as “A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency”.  

In this contribution, we propose some potential coverage improvement techniques may be considered to meet the 20dB coverage enhancement requirement. 
2. Discussion on concepts for coverage improvement
2.1  Repetition/retransmission/spreading/low rate coding
· Time domain repetition
Time domain repetition schemes (HARQ retransmission or TTI bundling) can bring significant performance gain and are the most important ways to improve the coverage performance.  For delay tolerant MTC UEs, TTI bundling with larger TTI bundle size may be considered. For delay tolerant MTC UEs, the maximum number of HARQ retransmissions may be extended to achieve better performance. However, the HARQ retransmission extension may bring more control channel overhead. 
· Spreading
Time domain or frequency domain spreading by code division multiplexing can improve the link level performance when SINR is very low. Since time domain or frequency spreading by code division multiplexing can increase the resource for MTC UE and reduce impact on normal UEs and system performance, it might be considered to support data transmission for MTC UEs. 
·  Low rate coding

With RLC segmentation, MTC traffic packets could be segmented into smaller packets.  Low rate coding may contribute to the coverage improvement for the very low rate MTC UEs. The CRC length might be further optimized for the smaller transport block transmission.
2.2 Power boosting
For MTC UEs, power boosting is an effective way to improve the downlink coverage performance if corresponding interference coordination schemes applied. For example,  based on inter-cell coordination, all of the power can be concentrated on the narrow bandwidth for MTC UEs and MTC UEs with low coverage performance will share this power boosted resource region during quiet times when network is not busy. 
2.3 Relaxed requirement
· Relaxed acquisition time 

Relaxed acquisition time will contribute for MTC UEs to utilize energy combining to successfully detect the PSS/SSS and RACH related signals.
· Relaxed missed detection probability
For delay tolerant MTC UEs, relaxed missed detection probability will benefit to the MCL of the downlink and uplink channels.
2.4 Design new channels
· Enhanced broadcast channel
For MIB with a fixed scheduling periodicity, power boosting and increasing repetition times within a fixed scheduling periodicity can’t meet the coverage improvement requirement.  For delay tolerant MTC UEs, it is recommended to design new MIB information transmitted on enhanced broadcast channel.
· Enhanced PRACH channel

Enhanced PRACH channel for MTC UEs with resource allocation different from legacy PRACH resource may be needed.
· Enhanced traffic channel
Paging/ system information transmitted on predefined multiple PDSCH resources with predefined periodicity without corresponding downlink control channel (PDCCH/ePDCCH) is an optimized data transmission way for poor coverage MTC UEs. In order to improve the coverage, the optimization of traffic channel structure and traffic channel transmission (e.g., pilot optimization) may also be considered.  
2.5 Small cell/relay/repeater/external antennas/advanced receiver
For some MTC UEs with very poor coverage performance, small cell/relay/repeater/external antennas/advanced receiver may be considered to provide additional gain to compensate the penetration loss.
2.6 Beamfoming

Beamforming may be considered as a supplemental solution to improve the coverage of downlink traffic channel. 
3. Conclusions
In this contribution, we have summarized the concepts for coverage improvement for MTC UEs. We propose to adopt the text proposal in section 4 into TR 36.888.
4. Text proposal

---------------------------------------------------- Start of Text proposal---------------------------------------------------------

9.4 Concepts for coverage improvement

9.4.1. Repetition/retransmission/spreading/low rate coding

· Time domain repetition

Time domain repetition schemes (HARQ retransmission or TTI bundling) can bring significant performance gain and are the most important ways to improve the coverage performance.  For delay tolerant MTC UEs, TTI bundling with larger TTI bundle size may be considered. For delay tolerant MTC UEs, the maximum number of HARQ retransmissions may be extended to achieve better performance. However, the HARQ retransmission extension may bring more control channel overhead. 
· Spreading

Time domain or frequency domain spreading by code division multiplexing can improve the link level performance when SINR is very low. Since time domain or frequency spreading by code division multiplexing can increase the resource for MTC UE and reduce impact on normal UEs and system performance, it might be considered to support data transmission for MTC UEs. 

·  Low rate coding

With RLC segmentation, MTC traffic packets could be segmented into smaller packets. Low rate coding may contribute to the coverage improvement for the very low rate MTC UEs. The CRC length might be further optimized for the smaller transport block transmission.
9.4.2. Power boosting

For MTC UEs, power boosting is an effective way to improve the downlink coverage performance if corresponding interference coordination schemes applied. For example,  based on inter-cell coordination, all of the power can be concentrated on the narrow bandwidth for MTC UEs and MTC UEs with low coverage performance will share this power boosted resource region during quiet times when network is not busy. 
9.4.3 Relaxed requirement

· Relaxed acquisition time 

Relaxed acquisition time will contribute for MTC UEs to utilize energy combining to successfully detect the PSS/SSS and RACH related signals.

· Relaxed missed detection probability
For delay tolerant MTC UEs, relaxed missed detection probability will benefit to the MCL of the downlink and uplink channels.

9.4.4 Design new channels

·  Enhanced broadcast channel

For MIB with a fixed scheduling periodicity, power boosting and increasing repetition times within a fixed scheduling periodicity can’t meet the coverage improvement requirement.  For delay tolerant MTC UEs, it is recommended to design new MIB information transmitted on enhanced broadcast channel.

· Enhanced PRACH channel

Enhanced PRACH channel for MTC UEs with resource allocation different from legacy PRACH resource may be needed.

· Enhanced traffic channel

Paging/ system information transmitted on predefined multiple PDSCH resources with predefined periodicity without corresponding downlink control channel (PDCCH/ePDCCH) is an optimized data transmission way for poor coverage MTC UEs. In order to improve the coverage, the optimization of traffic channel structure and traffic channel transmission (e.g., pilot optimization) may also be considered.  
9.4.5 Small cell/relay/repeater/external antennas/advanced receiver
For some MTC UEs with very poor coverage performance, small cell/relay/repeater/external antennas/advanced receiver may be considered to provide additional gain to compensate the penetration loss.
9.4.6 Beamfoming

Beamforming may be considered as a supplemental solution to improve the coverage of downlink traffic channel. 
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References

[1] R1-123075, 3GPP TR 36.888 V2.0.0, “Study on provision of low-cost MTC UEs based on LTE”
[2] RP-121282, “Coverage targets for continued “low-cost LTE for MTC” work”, Vodafone, RAN#57
[3] RP-121441, “Updated SID on: Provision of low-cost MTC UEs based on LTE”, Vodafone, RAN#57
[4] 3GPP TR 36.824 V11.0.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); LTE coverage enhancements”
[5] R1-124829, “Coverage improvement techniques for low cost MTC UEs”, ZTE, 3GPP RAN1 #71

[6] R1-125363, “Text proposal for TR 36.888 on coverage improvement”, Huawei, HiSilicon, 3GPP RAN1 #71

































