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1. Introduction

At the RAN1#78bis, RAN1#79 and RAN1 #80 meeting, extensive discussions were carried out for the physical downlink control channel for MTC. The following agreements were achieved [1], [2], [3]. 
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
Agreements:
· At least for unicast channel,

· For the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage,

· Strive to reduce active transmission/reception time by considering the DCI size
· UE monitoring of multiple ‘Physical downlink control channel for MTC’ decoding candidates and/or one or more repetition level(s) is supported at least for the UE-specific search space
· FFS: whether RS for ‘Physical downlink control channel for MTC’ is based on DMRS, CRS or both

· Working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
· FFS: SIB/RAR/Paging operation without ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage
· FFS: Common search space of ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage
Working assumption:
· Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement.

In this contribution, we continue discussing the issues related to the physical downlink control channel for low complexity (LC)-MTC on the basis of the above progress. Our observations and views will be presented. 
2. Discussion
According to the above progress, 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. As analysed in our companion contribution [4], reusing the PDCCH design principle within narrowband brings the issue of multiplexing PDCCH and PDSCH and complicates the processing at the network side without any obvious advantage over the EPDCCH-based design. Considering this situation, it seems preferable to start with the design of physical downlink control channel for LC-MTC from the EPDCCH-like direction. 
To acquire system information and paging information, the flexible scheduling in broadcast transmission should be supported for the DCIs scrambled with SI-RNTI/P-RNTI and then it would be natural to introduce the common search space (CSS) on the EPDCCH to accommodate these DCIs.
Proposal 1: The EPDCCH-based common search space should be supported for the broadcast information scheduling.
For the low complexity MTC UEs, it is desired to keep similar performance in the 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 [6]. Moreover, the low complexity feature of 1 Rx in LC-MTC UEs further degrades the receiving performance. According to the link level simulation results exhibited in Fig. 1, around 5dB 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 the LC-MTC UEs in normal coverage, higher aggregation level or more repetitions are required to satisfy the required SNR which in turn lower the spectral efficiency and increase the power consumption. For the LC-MTC UEs in enhanced coverage, extensive repetitions are needed, which is further 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
Certain solutions with little negative impact on power saving and spectral efficiency should be investigated to reduce the performance gap. Compressing the content of the DCI is one promising way as also described in [5], [7], and [8]. Since some fields in the DCI would become redundant or of less importance for LC-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 21 bits to 10 bits, around 1 dB gain can be achieved. Except for compacting DCI, frequency hopping and increasing the RS density can also be considered to obtain the frequency diversity gain and compensate for the channel estimation loss. 
Proposal 2: 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-based common search space should be supported for the broadcast information scheduling.
Proposal 2: 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

[image: image3.emf]Parameters Value

System BW 10 MHz for PDCCH

1.4MHz for EPDCCH/PDCCH

Aggregation level 8 CCEs

DCI size 43 bits for 10MHz case

37 bits for 1.4MHz case

26bits for compact DCI @ 1.4MHz case

Antenna configuration 2Tx X 2 Rx for PDCCH@10MHz

2Tx X 1Rx for EPDCCH/PDCCH@1.4MHz

Channel model EPA

Doppler spread 1 HZ

Frequency tracking error 100 HZ

Channel estimation Practical

(10 subframes averaging for EPDCCH repetition)

PCFICH value 3
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