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1 Introduction

Considering Rel-13 low complexity (LC) MTC UEs with reduced bandwidth support, the following design details were agreed regarding the physical downlink (DL) control channel for MTC at the RAN1 #78bis meeting [1]:

· 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

Further, at the RAN1 #79 meeting, the following agreements and working assumption were arrived at [2]:
· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz
· CFI where the UE can start control/data reception is provided by one of following alternatives

· Alt. 1: Signaling in MIB

· Alt. 2: Signaling in SIB

1. CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system information
· Alt. 3: Fixed in a specification for all subframes

· Note: RAN1 will conclude it among above 3 alternatives in RAN1 #80 meeting
· 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.

Additionally, regarding the support of cross-subframe scheduling for unicast transmissions, the following was agreed [2]
:

· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported at least for Rel-13 UE supporting enhanced coverage
In this contribution, we share our views on the design and enhancements related to the physical DL control channel for MTC considering both LC MTC UEs with reduced bandwidth support and MTC UEs in enhanced coverage.
2 Discussion on Enhancements for Reduced Bandwidth
At the RAN1 #78bis meeting [1], reduced UE bandwidth of 1.4 MHz in both downlink and uplink was agreed as the most important UE complexity reduction technique for Rel-13. In this section, we present our views on some of the aspects related to the design of the physical DL control channel for MTC considering LC MTC UEs with reduced bandwidth support.

Starting symbol for control/data reception for UEs with reduced bandwidth support

As outlined in the Introduction section, it was agreed that, at least for system bandwidths greater than 1.4 MHz, Rel-13 LC MTC UEs are not expected to receive legacy wideband DL control channels including PDCCH. Accordingly, these UEs would need to be informed of the extent of the legacy control region, similar to the functionality achieved by the Control Format Indicator (CFI). 
Three following alternatives were identified at the last meeting for indication of the starting symbol where MTC UE with reduced bandwidth support can expect to receive control/data transmissions (henceforth referred to as the “CFI value”) and it was agreed to down-select one from these:

· Alt. 1: Signaling in MIB

· Alt. 2: Signaling in SIB

· CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system information
· Alt. 3: Fixed in a specification for all subframes
Alt. 3 is the simplest option. However, this option can be either too restrictive by preventing PDCCH scheduling flexibility based on loading on the legacy PDCCH (if the fixed CFI value is a small value), or suffer from inefficiency in transmission of the control/data for MTC UEs which is highly undesirable considering the importance of coding gain in enhanced coverage operation (if the CFI value is fixed to the maximum possible value of 4 symbols for legacy control region). 
Between Alternatives 1 and 2, Alt. 1 is simpler from the MTC UE’s perspective since once the UE decodes the MIB, it knows the CFI value for all subframes. However, this comes at the expense of 1 or 2 spare bits in the MIB to indicate the CFI value. In terms of flexibility to the network it may be sufficient to be able to adjust the CFI value semi-statically and hence, indication via SIB may be sufficient and significantly less expensive than using the MIB to indicate the CFI value. Further flexibility can be realized via Alt. 2 by defining the CFI value for the subframes with SIB transmission as a function of the system bandwidth.
Based on the above analysis, it is recommended that Alt. 2 is adopted. 

Proposal 1

· The starting symbol from which LC MTC UEs with reduced bandwidth support can expect to receive control/data transmission (“CFI value”) is signaled in the SIB. 

· The CFI value for the subframes carrying the relevant SIB messages is fixed in the specification and can be a function of the system bandwidth.
Physical DL control channel enhancement for reduced bandwidth

According to the agreement in the RAN1 #78bis meeting [1], either narrowband PDCCH or EPDCCH can be considered for the DL control channel design for MTC UEs with reduced bandwidth support. In particular, the following three options can be further studied in light of implementation and specification efforts towards maximizing the achievable reduction of UE cost/complexity while minimizing the impact to system spectral efficiency and impact to non-MTC UEs:
· Option a): The physical DL control channel for MTC is designed based on new narrowband PDCCH design to satisfy the core functionalities of the legacy DL control channels;
· Option b): The physical DL control channel for MTC is designed based on current EPDCCH design with enhancements including possible addition of common search space (CSS) support;
· Option c): Support of operation for common control message without dynamic scheduling (i.e., without the physical DL control channel for MTC) and reusing the existing EPDCCH with UE-specific search space as the physical DL control channel for MTC for unicast scheduling. 
For Option a), narrowband downlink control channel spans the first few symbols within allocated MTC resource for MTC UEs with reduced bandwidth, while MTC data channel occupies the remaining symbols. Note that in the case, the main design principle for the legacy control channel may be easily extended for the design of narrowband PDCCH channel. Further, configuration information for PHICH transmission within allocated MTC resource can reuse the existing bits in the MIB to minimize the overhead. 

For Option b), the existing EPDCCH with UE-specific search space can be reused for scheduling the unicast transmission. However, in order to support the scheduling of common control channel, i.e., SI/RAR/Paging messages, EPDCCH with common search space (CSS) needs to be defined which would need certain specification efforts. Compared to the Option a) of utilizing narrowband PDCCH for PDSCH scheduling, EPDCCH based solution may achieve better scheduling flexibility and spectral efficiency, especially when considering lightly-loaded MTC traffic. This is primarily due to the fact that as EPDCCH and PDSCH are multiplexed in the frequency domain, eNB can schedule the PDSCH transmission for legacy UEs within allocated MTC regions when MTC traffic loading is low. 
It should be noted that relying on an EPDCCH-based design may run the risk of increasing the UE processing requirements in order to receive the subframe-based control channel. This may not be an issue, however, when taking into account the small packet sizes for data transmission for typical MTC applications. 
Similar to the Option b), the existing EPDCCH with UE-specific search space (USS) can be reused for scheduling the unicast transmission for Option c). In addition, EPDCCH-less operation on the common control messages can be employed with predefined or configured PDSCH locations as well as MCS of the common channels. In this regard, considerable reduction in the control overhead for scheduling of the transmission of common control channels can be achieved as described in [3], [4]. This would also help to reduce the power consumption for MTC UEs with reduced bandwidth by skipping the EPDCCH decoding. In addition, EPDCCH-less operation for the scheduling of SI/RAR/Paging messages may also be desirable for MTC UEs in enhanced coverage [3], which would enable the design solutions to have a high level of commonality between reduced bandwidth and enhanced coverage. 
Based on the analysis above, the impact on specification impact, spectral efficiency, UE power consumption and UE processing constraint for the above options of MTC DL control channel design is summarized in the Table 1. 
Table 1. Analysis on potential solutions for MTC DL control channel design

	
	Specification impact
	Scheduling flexibility and/or spectral efficiency
	UE power consumption
	UE processing constraint

	Option a)
	Medium
	Low
	Medium
	Low

	Option b)
	Medium
	Medium
	Medium
	Medium

	Option c)
	Low
	Medium
	Low
	Medium


As should be evident from the comparison in the Table 1, Option c) can achieve better scheduling flexibility, spectral efficiency or UE power consumption reduction with limited specification impact compared to Options a) and b). Given the fact that UE processing constraint may not be an issue for typical MTC application with small packet size, it is proposed to consider Option c), i.e., EPDCCH with USS for unicast transmission scheduling and control-less operation for common control message scheduling, for the design of MTC DL control channel. 
Proposal 2
· Consider Option c), i.e., EPDCCH with USS for unicast transmission scheduling and common control message transmission without dynamic scheduling using the physical DL control channel for MTC, for the design of MTC DL control channel.
3 Discussion on Coverage Enhancement 

Coverage enhancement for (E)PDCCH 

According to the agreement in the RAN1 #75 meeting [2], “for MTC UEs in the enhanced coverage mode, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames from the UE perspective”. This is primarily aimed to reduce the blind decoding attempts for MTC UEs in enhanced coverage modes and consequently, the UE power consumption. Two potential options can be considered for the starting sub-frames of (E)PDCCH repetitions.

· Option 1: The starting subframe for (E)PDCCH USS transmission may be configured by higher layer signaling. Note that the starting subframe can be predetermined or broadcasted via SIB2 before RRC configuration. More specifically, the configuration index consisting of the subframe offset and the periodicity for the potential (E)PDCCH subframes can be signaled for coverage limited MTC UEs. 
· Option 2: The starting subframe for (E)PDCCH USS transmission may be predefined. In particular, the starting offset can be defined as the functions of repetition level. Similarly, to further improve the system level spectral efficiency, eNB may schedule the transmission of data and control channel according to UE specific coverage extension level.   
Proposal 3
· The starting subframe for (E)PDCCH USS transmission is configured by higher layer signaling or predefined. 
Coverage enhancement for PHICH 

For PUSCH transmission, HARQ procedure may be realized by either PDCCH or PHICH. While PDCCH-based HARQ procedure can be utilized to replace PHICH functionality by checking NDI toggling, it would result in substantial downlink resource consumption in retransmission, which would be accentuated when PDCCH is scheduled for retransmission purpose especially in heavily loaded systems. On the contrary, due to the simplicity of the physical layer structure, existing PHICH can be easily extended to meet the coverage enhancement target for low cost MTC with limited impact on the specification and UE implementation cost while saving the DL resource by allowing non-adaptive retransmission. 

Based on the analysis in [5], PHICH based mechanism can achieve substantially less resource overhead and consequently can help to reduce the blocking probability compared to PDCCH based solution. Hence, it is desirable to consider PHICH based uplink HARQ procedure for MTC UEs in enhanced coverage modes. Further, frequency domain repetition can be employed in conjunction with time domain repetition to achieve PHICH coverage enhancement target. In this case, the number of time domain repetitions would be reduced significantly for PHICH transmission, which would help to improve the ACK/NACK feedback latency for MTC UEs in enhanced coverage mode. 

Proposal 4
· PHICH-based uplink HARQ procedure is supported for MTC UEs in enhanced coverage modes, where repetition across multiple subframes is employed together with allocating multiple PHICH resources per subframe.
Coverage enhancement for PCFICH 

PCFICH is used to convey the information with respect to the size of control region. The following was agreed on PCFICH coverage enhancement at the RAN1 #75 meeting [2]:

· No need for UE to decode PCFICH in coverage enhanced mode.  Not to specify PCFICH repetition.

· FFS on how UE derives CFI.

To derive the CFI value for MTC UEs located in the coverage holes, three potential options can be considered as follows:

· Option 1: MTC UEs in enhanced coverage are expected to blindly decode the PDCCH with different CFI values. Considering the PDCCH transmission with repetition across multiple subframes, this approach may not be feasible due to substantial blind decoding complexity.
· Option 2: CFI value can be predefined for MTC UEs in enhanced coverage mode. In particular, depending on the system bandwidth, the CFI values may be different in order to allow efficient PDCCH scheduling.
· Option 3: CFI value can be broadcast via common RRC signaling, e.g., SIB2, for MTC UEs in enhanced coverage mode. Compared to the Option 2, this mechanism may provide slightly better scheduling flexibility for PDCCH. 

Based on the analysis above, it would be desirable to broadcast CFI values for PDCCH region for MTC UEs in enhanced coverage mode using SIB signaling. 
Proposal 5
· CFI values for PDCCH region are indicated using SIB signaling for enhanced coverage operation. 
· Their values for the subframes carrying the relevant SIB messages are predefined in the specification (Option 3).

As agreed during the RAN1#75 meeting [2], cross-subframe scheduling in which the assigned PDSCH is transmitted not before the end of (E)PDCCH was introduced for MTC UEs in enhanced coverage mode. In the subframes when PDSCH is transmitted for coverage limited MTC UEs, it would be desirable for the eNB to configure different CFI values than the predetermined or broadcasted ones in order to allow more efficient network operation. In this case, the PDSCH starting symbol for MTC UEs in enhanced coverage mode can be configured by higher layer signaling.

Proposal 6
· The PDSCH starting symbol for MTC UEs in the enhanced coverage mode is configured by higher layer signaling.

4 Conclusion

In this contribution, we provided our views on the physical DL control channel for MTC considering reduced bandwidth support and enhanced coverage in LTE systems. Based on the discussion presented, we summarize our views through the following proposals and observations:
Proposal 1

· The starting symbol from which LC MTC UEs with reduced bandwidth support can expect to receive control/data transmission (“CFI value”) is signaled in the SIB. 

· The CFI value for the subframes carrying the relevant SIB messages is fixed in the specification and can be a function of the system bandwidth.
Proposal 2

· Consider Option c), i.e., EPDCCH with USS for unicast transmission scheduling and common control message transmission without dynamic scheduling using the physical DL control channel for MTC, for the design of MTC DL control channel.
Proposal 3

· The starting subframe for (E)PDCCH USS transmission is configured by higher layer signaling or predefined. 
Proposal 4

· PHICH-based uplink HARQ procedure is supported for MTC UEs in enhanced coverage modes, where repetition across multiple subframes is employed together with allocating multiple PHICH resources per subframe.
Proposal 5

· CFI values for PDCCH region are indicated using SIB signaling for enhanced coverage operation. 

· Their values for the subframes carrying the relevant SIB messages are predefined in the specification (Option 3).

Proposal 6

· The PDSCH starting symbol for MTC UEs in the enhanced coverage mode is configured by higher layer signaling.
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