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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 analyze the potential coverage improvement solutions for physical channels and signals for low cost MTC UEs. 
2. Text proposal
2.1 Analysis of PSS/SSS
Synchronization Channel (PSS/SSS) is invariant during acquisition time for the UEs. Acquisition time can be relaxed   for MTC UEs with 20dB coverage enhancement requirement. PSS/SSS can achieve better performance by using implementation related solutions (e.g., energy combining) due to the relaxed acquisition time requirement for these delay tolerant MTC UEs.

2.2 Analysis of PBCH
MIB is transmitted four times on PBCH every 40ms TTI. MIB contains 8bit SFN information, 3 bit downlink system bandwidth information and 3bit PHICH configuration information. Since SFN information contained in MIB will change every 40ms, implementation related solution such as energy combining can only be applied to PBCH within 40ms TTI. For the low cost MTC UEs with bandwidth reduction option DL-1 and DL-2, downlink system bandwidth and PHICH configuration information might not be necessary and SFN information would be the only required field. To design new MIB information transmitted on enhanced broadcast channel for the MTC UEs is a possible way to improve the coverage performance of MIB transmission.

2.3 Analysis of PRACH
A direct and effective way to improve the coverage of access preamble is time domain repetition. For example, K times repetition of access Preamble will bring about 10*log(k) dB gain under AWGN channel and less than 10*log(k) dB gain under fading channel.  

In order to avoid collision with normal UEs, the PRACH resource for MTC UEs is expected to be different from that for normal UEs. There could be a need of some specification changes on the Random access procedure for MTC UEs. Besides access preamble, time domain repetition is also a direct solution for coverage enhancement of Msg2, Msg3 and Msg4.
2.4 Analysis of PDCCH/ePDCCH

For low cost MTC UEs, coverage enhancement of PDCCH/ePDCCH should compensate the coverage degradation caused by the cost reduction techniques and 20dB penetration loss.  

Time domain repetition, definition of higher aggregation levels, compact DCI formats and power boosting are the possible coverage improvement techniques for PDCCH/ePDCCH. The repetition times of PDCCH/ePDCCH should not be too large considering the tradeoff of control channel overhead and repetition gain. Power boosting with corresponding interference coordination is a potential way to improve the coverage performance of PDCCH or ePDCCH during quiet times.
Definition of CCE with higher aggregation level and using compact DCI can bring performance gain for PDCCH. According to the simulation result in [2], gain from 8CCE to 16CCE is about 2.8dB and gain from DCI format size 29 bits to 19 bits is about 1.3dB while gain from DCI format size 19bits to 9bits is about 1.1dB.

ePDCCH has been supported in LTE Release 11. Compared to PDCCH, ePDCCH with higher aggregation level can bring about 4.5dB coverage gain according to the simulation result in [2]. 

2.5 Analysis of PDSCH / PUSCH

Time domain repetition, spreading and using very low rate coding are possible solutions to improve coverage of both PDSCH and PUSCH. 

According to simulation result in [2], 8 times time-domain repetition can get about 9dB gain and 16 times time-domain repetition can achieve about 11dB gain for PDSCH while 8 times time-domain repetition can get around 6dB gain and 16 times time-domain repetition can achieve about 8dB gain for PUSCH. The impact on HARQ timing caused by time domain repetition needs further study. 
Considering traffic size of low cost MTC UEs, using low rate coding and optimizing the corresponding CRC length for PDSCH may be considered to improve the coverage performance.  Additional coverage gain may be achieved by bundles of variable TTIs for PDSCH and PUSCH considering the latency up to 10 seconds in downlink and up to 1 hour in uplink.  

Power boosting is an effective way to improve the coverage performance of PDSCH if corresponding interference coordination schemes applied.  In addition, Beamforming may be considered as a supplemental solution to improve the coverage of PDSCH. 
Besides above mentioned solutions, scheduling optimization (optimization of frequency hopping pattern) and reference signal optimization may also be considered to improve the coverage of PDSCH and PUSCH.

2.6 Analysis of PUCCH

Time domain repetition is a direct way to improve the coverage of uplink control channel. It needs further analysis on the extension of the maximum repetition times of PUCCH.
3. Conclusions
In this contribution, we have analyzed the potential coverage improvement solutions for physical channels and signal for low cost MTC UEs. We propose to adopt the text proposal in section 4 into TR 36.888.
4. Text proposal

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

9.5 Analysis of Physical Channels and Signals
9.5.1 PSS/SSS
Synchronization Channel (PSS/SSS) is invariant during acquisition time for the UEs. Acquisition time can be relaxed   for MTC UEs with 20dB coverage enhancement requirement. PSS/SSS can achieve better performance by using implementation related solutions (e.g., energy combining) due to the relaxed acquisition time requirement for these delay tolerant MTC UEs.
9.5.2 PBCH
MIB is transmitted four times on PBCH every 40ms TTI. MIB contains 8bit SFN information, 3 bit downlink system bandwidth information and 3bit PHICH configuration information. Since SFN information contained in MIB will change every 40ms, implementation related solution suchas energy combining can only be applied to PBCH within 40ms TTI. For the low cost MTC UEs with bandwidth reduction option DL-1 and DL-2, downlink system bandwidth and PHICH configuration information might not be necessary and SFN information would be the only required field. To design new MIB information transmitted on enhanced broadcast channel for the MTC UEs is a possible way to improve the coverage performance of MIB transmission.
9.5.3 PRACH
A direct and effective way to improve the coverage of access preamble is time domain repetition. For example, K times repetition of access Preamble will bring about 10*log(k) dB gain under AWGN channel and less than 10*log(k) dB gain under fading channel.  

In order to avoid collision with normal UEs, the PRACH resource for MTC UEs is expected to be different from that for normal UEs. There could be a need of some specification changes on the Random access procedure for MTC UEs. Besides access preamble, time domain repetition is also a direct solution for coverage enhancement of Msg2, Msg3 and Msg4.
9.5.4 (E)PDCCH
For low cost MTC UEs, coverage enhancement of PDCCH/ePDCCH should compensate the coverage degradation caused by the cost reduction techniques and 20dB penetration loss.  
Time domain repetition, definition of higher aggregation levels, compact DCI formats and power boosting are the possible coverage improvement techniques for PDCCH/ePDCCH. The repetition times of PDCCH/ePDCCH should not be too large considering the tradeoff of control channel overhead and repetition gain. Power boosting with corresponding interference coordination is a potential way to improve the coverage performance of PDCCH or ePDCCH during quiet times.
Definition of CCE with higher aggregation level and using compact DCI can bring performance gain for PDCCH. According to the simulation result in [2], gain from 8CCE to 16CCE is about 2.8dB and gain from DCI format size 29 bits to 19 bits is about 1.3dB while gain from DCI format size 19bits to 9bits is about 1.1dB.
ePDCCH has been supported in LTE Release 11. Compared to PDCCH, ePDCCH with higher aggregation level can bring about 4.5dB coverage gain according to the simulation result in [2]. 
9.5.5 PDSCH / PUSCH

Time domain repetition, spreading and using very low rate coding are possible solutions to improve coverage of both PDSCH and PUSCH. 
According to simulation result in [2], 8 times time-domain repetition can get about 9dB gain and 16 times time-domain repetition can achieve about 11dB gain for PDSCH while 8 times time-domain repetition can get around 6dB gain and 16 times time-domain repetition can achieve about 8dB gain for PUSCH. The impact on HARQ timing caused by time domain repetition needs further study. 
Considering traffic size of low cost MTC UEs, using low rate coding and optimizing the corresponding CRC length for PDSCH may be considered to improve the coverage performance. Additional coverage gain may be achieved by bundles of variable TTIs for PDSCH and PUSCH considering the latency up to 10 seconds in downlink and up to 1 hour in uplink.  
Power boosting is an effective way to improve the coverage performance of PDSCH if corresponding interference coordination schemes applied.  In addition, Beamforming may be considered as a supplemental solution to improve the coverage of PDSCH. 
Besides above mentioned solutions, scheduling optimization (optimization of frequency hopping pattern) and reference signal optimization may also be considered to improve the coverage of PDSCH and PUSCH.
9.5.6 PUCCH
Time domain repetition is a direct way to improve the coverage of uplink control channel. It needs further analysis on the extension of the maximum repetition times of PUCCH.

---------------------------------------------------- End of Text proposal---------------------------------------------------------
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