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1. Introduction

At the last meeting, extensive offline and online discussions were carried out for the physical downlink control channel for MTC. The following agreements were achieved [1]. 
Agreements:
· Regarding the physical downlink control channel for MTC:
· It is used to transmit DCI messages to Rel-13 low complexity UEs
· Its usage for other purposes than unicast transmission is FFS
· Its usage for other UEs in enhanced coverage is FFS
· It is a narrowband (within 6 PRBs) control channel
· Its demodulation is based on CRS and/or DMRS (FFS)
· It is not mapped to legacy control regions
· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable
· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH
In this contribution, we continue discussing the issues related to the physical downlink control channel for MTC on the basis of the above progress. Our observations and views will be presented. 
2. Discussion
According to the conclusion achieved at the last meeting, two directions can be considered for the physical downlink control channel for MTC. One direction is to transmit the downlink control information (DCI) within 1.4MHz bandwidth for Rel-13 MTC UEs by reusing the PDCCH design principle. The other direction is to utilize the EPDCCH within the reduced bandwidth. The main advantage of the PDCCH over the EPDCCH is the usage of the existing functionalities (such as CSS or PHICH) [2], and ~10% cost reduction. Since CSS or PHICH could also be easily imported to the EPDCCH region if needed, it is not persuasive to consider the usage of existing functionalities as an advantage. As for the cost reduction, without fair comparison by conducting further evaluation, it is premature to say 10% cost can be reduced from the EPDCCH at this stage. Besides, as analysed in [3], PDCCH-like physical downlink control channel requires multiplexing control region and data region in TDM manner. Therefore, the indication of the number of OFDM symbols for the PDCCH will be a problem. Another obstacle is that the number of residual REs in each PRB is too limited to multiplex Rel-13 MTC UE. Moreover, introducing a narrow band PDCCH would also complicate the process at the network side due to varied DCI generating and transmitting procedure, which is not desirable for operators. Considering the above aspects, it seems preferable to start with the design of physical downlink control channel for MTC from the EPDCCH-like direction. 
Proposal 1: The EPDCCH should be supported for the DCI transmission in the design of physical downlink control channel for MTC.
To acquire system information and paging information, DCIs scrambled with SI-RNTI/P-RNTI should be supported for the scheduling in broadcast transmission and then it is necessary to introduce EPDCCH-based common search space to accommodate these DCIs.
Proposal 2: The EPDCCH-based common search space should be supported for the broadcast information scheduling
For the low cost MTC UEs, it is desired to keep similar performance in DCI transmission to that for the normal LTE UEs. However, for the EPDCCH locating within a reduced bandwidth of 1.4 MHz, a worse frequency diversity gain could be easily predicted than that for the PDCCH spanning across full bandwidth. The performance gap will be even enlarged due to DM-RS based channel estimation [4]. According to link level simulation results exhibited in Fig. 1, around 3dB gap exists between the EPDCCH within a reduced bandwidth of 1.4 MHz and the PDCCH across the full bandwidth of 10 MHz under the requirement of 1% BLER. For low cost MTC UEs in non-coverage enhancement mode, more resources are required to satisfy the BLER requirement or more repetitions are caused due to higher BLER which in turn lower the spectral efficiency and increase the power consumption. For MTC UEs in coverage enhancement mode, extensive repetitions are paid, which is also unfavorable for power saving and spectral efficiency. 
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Figure 1 BLER performance for PDCCH and EPDCCH
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Figure 2  BLER performance for EPDCCH with different payload size
In this case, certain solutions with little negative impact on power saving and spectral efficiency should be investigated to reduce the performance gap. Furthermore, the common solution for the both normal and coverage enhancement modes is desirable. Compressing the content in DCI is one promising way and many companies show positive views on this technique [3], [5], and [6]. Since some fields in DCI are redundant or of less importance for low cost MTC UEs, removing these fields could lower the coding rate with ignorable impact. As shown in Fig. 2, it is observed that, compressing the payload size of DCI from 27 bits to 17 / 10 bits, around 1/2 dB gain can be achieved.  Except for compacting DCI, frequency hopping and increasing the RS density can also be considered to obtain frequency diversity gain and compensate the channel estimation loss. 
Proposal 3: Enhanced techniques such as compact DCI, DM-RS densification and frequency hopping to improve the EPDCCH performance under reduced bandwidth should be investigated
3. Conclusion
In this contribution, we discuss the issues related to physical downlink control channel for MTC. As conclusion, the following proposals are summarized. 
Proposal 1: The EPDCCH should be supported for the DCI transmission
Proposal 2: The EPDCCH-based common search space should be supported for the broadcast information scheduling

Proposal 3: Enhanced techniques such as compact DCI, DM-RS densification and frequency hopping to improve the EPDCCH performance under reduced bandwidth should be investigated
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Annex

Table 1 Parameters for link-level simulation
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Value

System BW TOMFz for PDCCH
1.4MHz for EPDCCH

Ageregation level $CCE

'DCI format DCI1A
Duplex mode FDD

“Antenna configuration 2x1

‘Channel model EPA
Doppler spread. 1HZ

Frequency tracking error 100 HZ

‘Channel estimation Pratical

PCFICH value
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