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1 Introduction

In RAN1#78bis meeting, there were the following agreements achieved: 
· 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 
This contribution provides analysis on the aspects of the second bullet.
2 Consideration of legacy PDCCH usage in 1.4 MHz system BW
2.1 General thoughts on physical downlink control channel design for Rel-13 MTC UEs 
Focusing on the new MTC work item objective, there were following agreements achieved in the last RAN1 meeting:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs. 
· UE power consumption is the new aspect to be considered.
It is obvious that UEs with system bandwidth beyond 1.4 MHz will benefit from limiting their resource within 6 PRBs in terms of complexity. Following this, for those UEs the transmission mechanism of legacy wideband control channel, such as legacy PDCCH and PCFICH would need to be eliminated or at least modified. The alternative approach for legacy PDCCH is EPDCCH-based method [1] or control-less transmission for common message [2], which have been introduced and considered to be very promising methods. In addition regarding PCFICH, many companies seem to prefer elimination of it according to contributions so far [3]
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[4].  Similarly considerations are needed for legacy PHICH for the newly approved work item. To the end for at least the above UEs, changes to the usage of legacy control region, including legacy (E)PDCCH seem to be unavoidable. 
Observation 1: Changes to the design of legacy (E)PDCCH are unavoidable for MTC UEs in eNB system BW beyond 1.4 MHz. 
2.2  Pros and cons of keeping legacy PDCCH
The main benefit of keeping legacy PDCCH when eNB system BW is 1.4 MHz for MTC may be able to allow more resource for data transmission as EPDCCH-based design of control channel would force control information and data to share the legacy data region within only 6 PRBs. 
However if the legacy PDCCH usage is kept at each stage of discussion for DL control channel design, the corresponding standard work cannot be ignored. It is not only for the design of control channel, but for that of the associated data channel similar effort may also be needed. For example there are proposals of higher density of DMRS for data channels for MTC UEs to improve channel estimation accuracy and reduce PDSCH repetition number in CE mode [3]
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[5]. Possibly companies will have to discuss the feasibility and benefits of a new DMRS pattern. If legacy PDCCH and the corresponding PDSCH still apply, then additionally the benefits as well as the co-existence impacts of different sets of RS will need to be identified and the standard work will be twofold.
Moreover, many candidate techniques aid to complexity and/or power consumption reduction on top of that achieved by bandwidth reduction, meaning also applicable for UEs in 1.4 MHz system BW. So these optimizations for the designs of physical channels in legacy control region are highly expected regardless the system bandwidth.
2.3 Market motivation of a uniform design of control channel operation for MTC devices 
MTC application is facing fast commercialization recently. There may be huge number of MTC devices serving in the network in the near future. Both the eNB vendors and UE vendors would expect economies of scale from having just one or a small number of Rel-13 types of MTC UEs as long as they aim to the same target which could be just the objective of low complexity and low power consumption as identified in the WID. From this perspective, a uniform design of control channel operation may be desirable.
Due to the above we have 
Observation 2: Usage of legacy PDCCH in 1.4 MHz system BW is beneficial in terms of resource utilization while a uniform design in other system bandwidths of the DL physical control channel for MTC UEs is beneficial from standardization and complexity perspective.
3 Conclusions

In this contribution with analysis of pros and cons of using legacy PDCCH in 1.4 MHz system BW for MTC, we captured 2 observations:
Observation 1: Changes to the design of legacy (E)PDCCH are unavoidable for MTC UEs in eNB system BW beyond 1.4 MHz.

Observation 2: Usage of legacy PDCCH in 1.4 MHz system BW is beneficial in terms of resource utilization while a uniform design in other system bandwidths of the DL physical control channel for MTC UEs is beneficial from standardization and complexity perspective.
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