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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”.  

Since 20dB coverage improvement target is hard to achieve for each channel, it is necessary to identify which functionalities are required for the MTC UEs with extremely poor coverage performance. In this contribution, the required system functionalities for MTC UEs are discussed and text proposals related to the required system functionalities are proposed.
2. Discussion on required system functionality
2.1 Synchronization Channel (PSS/SSS)

Synchronization Channel (PSS/SSS) is required for MTC UEs to acquire downlink frequency and time synchronization to a cell and determine the physical layer cell identity of the cell.  For MTC UEs, PSS/SSS can achieve better performance by using implementation related solutions (e.g., energy combining) due to the relaxed acquisition time requirement of delay tolerant MTC UEs.

2.2 System information

System information is divided into the MIB and a number of SIBs. MIB is transmitted four times on PBCH every 40ms. MIB contains SFN, downlink system bandwidth and PHICH configuration information. 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. Power boosting and increasing transmission times within 40ms TTI may not meet the coverage improvement target for MTC UEs. To design new MIB transmitted on enhanced broadcast channel is a recommended solution. SIB1 uses a fixed schedule with a periodicity of 80 ms and 4 times repetition. As for SIB1, power boosting and increasing transmission times within 80ms also may not meet the coverage improvement target. Furthermore, reception of SIB1 requires reception of the CSS in the PDCCH. In order to improve the performance of SIBs transmission, simplifying the SIBs information and optimizing transmission of the essential SIB information for the low cost MTC UEs are recommended. 
2.3 Paging

For legacy UEs, the paging channel (PCH) is transmitted on PDSCH with resource allocation information transmitted on PDCCH. For fixed MTC UEs with poor coverage performance, support paging from its serving cell is still needed. In order to improve the paging performance, time domain repetition on PDCCH/ePDCCH and PDSCH may be a possible solution. Paging information transmitted on predefined PDSCH resources without corresponding downlink control channel (PDCCH/ePDCCH) may also be an optimized way.  

2.4 Random access procedure

Random access procedure is needed for MTC UEs with poor coverage performance. In order for low cost MTC UEs with poor coverage performance to access the network, optimization of random access procedures is needed. Functionality of identifying the low cost MTC UEs with coverage improvement requirement is necessary.
2.5 Reference Signals
· DM-RS,CRS
The functionality of CRS and DM-RS is needed. CRS and DM-RS might need optimization.
· CSI-RS
CSI-RS can be removed if we always rely on the fixed MCS.

· Sounding
Sounding reference signal is not needed considering the relative immobility and the fixed MCS that may be used. Furthermore, the functionality of Sounding can be replaced by DM-RS. 
2.6 Control channel

· PDCCH/ePDCCH

PDCCH/ePDCCH is needed to transmit resource allocation related information for data channel of MTC UEs.  The information carried in PDCCH/ePDCCH might need to be compacted.
· PHICH
The function of PHICH can be implemented by PDCCH/ePDCCH for low cost MTC UEs with poor coverage performance.  HARQ timing impact caused by time domain repetition may need further study.
· PCFICH

If predefined fixed number of OFDM symbols is used for transmission of PDCCHs for MTC UEs, the PCFICH is not needed. Or, if ePDCCH is used for MTC UEs, the PCFICH can be replaced.  
· PUCCH

· HARQ-ACK
HARQ-ACK is needed and may need to be optimized. It is proposed to improve the HARQ-ACK coverage by increasing the repetition times. 
· SR 
All the three scenarios/use cases of smart metering applications agreed in R1-125406 are with the frequency of daily to monthly.  Support for SR may not be required since the uplink traffic is not frequent. RACH can be used instead.
· CSI
CSI can be removed if we always rely on the fixed MCS and reduction of transmission mode.
2.7 Data transmission
Considering three scenarios stated in updated version of 36.888, the downlink and uplink data transmission by dynamic scheduling or semi persistent scheduling are needed for MTC UEs with poor coverage performance. 
3. Conclusions
In this contribution, we have discussed the required system functionality for MTC coverage improvement. We propose to adopt the text proposal in section 4 into TR 36.888.
4. Text proposal

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

9.3 Required system functionality

9.3.1 Synchronization Channel (PSS/SSS)

Synchronization Channel (PSS/SSS) is required for MTC UEs to acquire downlink frequency and time synchronization to a cell and determine the physical layer cell identity of the cell.  For MTC UEs, PSS/SSS can achieve better performance by using implementation related solutions (e.g., energy combining) due to the relaxed acquisition time requirement of delay tolerant MTC UEs.

9.3.2 System information

System information is divided into the MIB and a number of SIBs. MIB is transmitted four times on PBCH every 40ms. MIB contains SFN, downlink system bandwidth and PHICH configuration information. 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. Power boosting and increasing transmission times within 40ms TTI may not meet the coverage improvement target for MTC UEs. To design new MIB transmitted on enhanced broadcast channel is a recommended solution. SIB1 uses a fixed schedule with a periodicity of 80 ms and 4 times repetition. As for SIB1, power boosting and increasing transmission times within 80ms also may not meet the coverage improvement target. Furthermore, reception of SIB1 requires reception of the CSS in the PDCCH. In order to improve the performance of SIBs transmission, simplifying the SIBs information and optimizing transmission of the essential SIB information for the low cost MTC UEs are recommended. 
9.3.3 Paging

For legacy UEs, the paging channel (PCH) is transmitted on PDSCH with resource allocation information transmitted on PDCCH. For fixed MTC UEs with poor coverage performance, support paging from its serving cell is still needed. In order to improve the paging performance, time domain repetition on PDCCH/ePDCCH and PDSCH may be a possible solution. Paging information transmitted on predefined PDSCH resources without corresponding downlink control channel (PDCCH/ePDCCH) may also be an optimized way.  

9.3.4 Random access procedure

Random access procedure is needed for MTC UEs with poor coverage performance. In order for low cost MTC UEs with poor coverage performance to access the network, optimization of random access procedures is needed. Functionality of identifying the low cost MTC UEs with coverage improvement requirement is necessary.

9.3.5 Reference Signals

· DM-RS,CRS

The functionality of CRS and DM-RS is needed. CRS and DM-RS might need optimization.
· CSI-RS
CSI-RS can be removed if we always rely on the fixed MCS.

· Sounding
Sounding reference signal is not needed considering the relative immobility and the fixed MCS that may be used. Furthermore, the functionality of Sounding can be replaced by DM-RS. 
9.3.6 Control channel

· PDCCH/ePDCCH

PDCCH/ePDCCH is needed to transmit resource allocation related information for data channel of MTC UEs.  The information carried in PDCCH/ePDCCH might need to be compacted.

· PHICH

The function of PHICH can be implemented by PDCCH/ePDCCH for low cost MTC UEs with poor coverage performance.  HARQ timing impact caused by time domain repetition may need further study.

· PCFICH

If predefined fixed number of OFDM symbols is used for transmission of PDCCHs for MTC UEs, the PCFICH is not needed. Or, if ePDCCH is used for MTC UEs, the PCFICH can be replaced.  

· PUCCH

· HARQ-ACK

HARQ-ACK is needed and may need to be optimized. It is proposed to improve the HARQ-ACK coverage by increasing the repetition times. 

· SR 
All the three scenarios/use cases of smart metering applications agreed in R1-125406 are with the frequency of daily to monthly.  Support for SR may not be required since the uplink traffic is not frequent. RACH can be used instead.

· CSI
CSI can be removed if we always rely on the fixed MCS and reduction of transmission mode.
9.3.7 Data transmission

Considering three scenarios stated in updated version of 36.888, the downlink and uplink data transmission by dynamic scheduling or semi persistent scheduling are needed for MTC UEs with poor coverage performance. 

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