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1 Introduction

During RAN #67 meeting, “Revised WID: Further LTE Physical Layer Enhancements for MTC” ([1]) was approved. One objective of this work item is to target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
In RAN1 #80 meeting, agreements on downlink control channel were listed below:
· For UEs in enhanced coverage:

· Repetition across multiple subframes is supported for the ‘Physical downlink control channel for MTC’

· Multiple repetition levels in time domain are supported

· For Rel-13 low complexity MTC UEs:

· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported for normal coverage

· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz

· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 

· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz

· Confirm the 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

· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes.

· If/When PDSCH is indicated via physical downlink control channel for MTC:

· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.

· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).

· 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.

Detailed designs on physical downlink control channel for MTC enhancement are discussed in this contribution.
2 Downlink Control Channel
2.1 General consideration on Downlink Control Channel
In RAN1 #80 meeting, it has made a working assumption that Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC at least for MTC UEs in coverage enhancement. On consideration of common design, downlink control channel should be same for both Rel-13 low complexity UEs and UEs in enhanced coverage. We have fully analyzed EPDCCH and Narrowband PDCCH in [2]. 
Considering specification impact and common design, EPDCCH is preferable for Rel-13 low complexity UEs and UEs in enhanced coverage. 
Proposal 1: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC.
When EPDCCH is used for Rel-13 low complexity UEs with ECSS introduction, the UEs could not obtain their USS location before RRC connection establishment. Predefined location or location indicated by common signal(s) needs to be considered to indicate configuration of the USS before RRC connection establishment. The details of how to determine configuration of the USS before RRC connection establishment should be further studied.

Proposal 2: The detailed mechanism of determining configuration of the USS before RRC connection establishment should be further studied.
2.2 SIB/RAR/Paging Operation
For Rel-13 low complexity UEs and UEs in enhanced coverage, common control messages may be operated without “Physical downlink control channel for MTC” or scheduled by “Physical downlink control channel for MTC”.
· SIB operation

In RAN2 #89 meeting, it was agreed that new SIB1 is common for EC and LC, and dynamic L1 information in PDCCH is not needed for acquiring of “SIB1”. If New SIB(s)(including “SIB1” and possible other “SIBs”) is/are transmitted by control-less mode, it can be transmitted in predefined time and frequency location and potential candidate TBS sets for blind detection would be specified. Since new SIB(s) contents are restricted to a small number of TBS sets and types as discussed in [3], blind detection of SIB messages could be easier with limited MCS and PRB pairs. 
· RAR/Paging  operation
Blind detection complexity of RAR/Paging for MTC for Rel-13 low complexity UEs and UEs in enhanced coverage may depend on the user number. Since RAR/Paging messages are always for a group of UEs in a cell, it is hard to determine the range of TBS for RAR/Paging messages. Especially for Paging, message size is not only related to the user number but also the Paging type. Blind detection complexity also depends on detection time. For RAR, blind detection would be more complex if each subframe within RAR detection windows should be blindly detected.  For paging, different parameter configurations may result in different detection time and the detection complexity may be higher. In addition, frequency location for RAR/Paging cannot be easily determined like new SIB(s) since these two common messages are not for all UEs in a cell. Considering the blind detection complexity and scheduling restriction caused by control-less mode for RAR/Paging transmission, RAR/Paging transmission scheduled by downlink control channel should be supported. Common search space of “Physical downlink control channel for MTC” for Rel-13 low complexity UEs and UEs in enhanced coverage should be introduced. Considering that RAR/Paging messages would be scheduled in CSS, the frequency location of CSS would be fixed or predefined in limited PRB pairs within the system bandwidth. Compared with USS, fewer aggregation level and candidates would be configured for CSS.
Proposal 3: New SIB(s) transmission by control-less mode and RAR/Paging transmission scheduled by downlink control channel should be supported.
Proposal 4: Common search space of Physical downlink control channel for MTC for Rel-13 low complexity UEs and UEs in enhanced coverage should be introduced.
2.3 Narrow band(s) for Downlink Control Channel

Narrow band(s) for physical downlink control channel for Rel-13 low complexity UEs could be determined from CSS and USS aspects. For a narrow band with only 1.4MHz bandwidth, it may not have enough resources to contain CSS and USS within single narrow band. It is better for CSS and USS to be configured independently according to different characteristics of two search space. As shown in Figure 1, a narrow band for physical downlink control channel could either contain CSS and USS or only contain one of them. Parameters relevant to CSS could be predefined or configured by SIB, while parameters relevant to USS could be predefined or configured by RRC signaling. Broadcast traffic and/or unicast traffic can be scheduled in any other narrow band through cross-subframe scheduling. 
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Figure 1 Narrow band(s) for physical downlink control channel
When USS and CSS are located in different narrow bands in a subframe, UE can only receive one of them. The reception priority can be predefined or up to the UE’s implementation. When USS and unicast traffic are located in different narrow band in a subframe, the UE can only receive one of them. The UE should consider the factor of UL synchronous feedback when deciding which one to receive.

Proposal 5: Narrow band(s) for CSS and USS should be configured independently.
2.4 Analysis on Cross-subframe scheduling
Cross-subframe scheduling was approved for unicast PDSCH transmission for normal coverage in RAN1 #80 meeting. If EPDCCH is transmitted in subframe n and the cross-subframe scheduling interval is k, PDSCH will be transmitted in subframe n+k. Cross-subframe scheduling interval k may be variable or informed by DCI. If it is variable, additional overhead would be expected. Alternatively, the cross-subframe scheduling interval k may be fixed. However, if cross-subframe scheduling interval k is fixed, it may need to address the issue that subframe n+k is an unavailable subframe. In LTE/LTE-A system, MBSFN subframe can be used for unicast and multicast/broadcast transmission. Legacy UEs could receive unicast traffic in MBSFN subframe through blind detection of PDCCH. When cross-subframe scheduling and/or repetition in coverage enhancement mode are applied for Rel-13 low complexity UEs, handling of MBSFN subframe should be considered. For example, if subframe n+k is an MBSFN subframe with PMCH transmission, PDSCH can be transmitted in the first available subframe next to the subframe n+k. In this case, the UE should know the available subframe set.
In addition, if cross-subframe scheduling is used for Paging transmission, subframes set of EPDCCH for scheduling Paging and subframes set of PDSCH for carrying Paging messages should be considered. Paging subframes set of legacy UEs is limited in {0 4 5 9} for FDD and {0 1 5 6} for TDD. Cross-subframe scheduling of Paging transmission may need to satisfy one of the following restrictions:
  (1). Both EPDCCH and PDSCH are restricted in limited subframes set or its subset.

  (2). Only EPDCCH for scheduling Paging is restricted in limited subframes set or its subset.

  (3). Only PDSCH carrying Paging messages is restricted in limited subframes set or its subset.

In enhanced coverage, besides the timing relationship between the starting subframe of PDSCH and the ending subframe of EPDCCH, the eNB and UEs should have the same understanding of the subframes for EPDCCH repetitions and PDSCH repetitions. If MBSFN subframe can be used for PDSCH repetition, it needs further study if transmission modes of other non-MBSFN subframes are required to be restricted to DMRS based in the same repetition cycle.  
Proposal 6: MBSFN subframe’s impact on cross-subframe scheduling and repetitions need further study. 
3 Especially for Coverage Enhancement
3.1 Repetition Level and Aggregation Level
In addition, further discussion are also needed on whether or not UE shall monitor multiple total aggregated resources of EPDCCH which may contain single or multiple ECCE aggregation levels with single or multiple repetition levels, and the detailed design of the possible starting sub-frames of EPDCCH repetition, etc. In RAN1 #79 meeting, it was agreed that 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. And in RAN1 #80 meeting, it was agreed that 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. This means one new aggregation level would be introduced with 24 ECCE at least in coverage enhanced mode and UE should monitor multiple aggregation levels.

There are four options for blind detection of EPDCCH. Option1 corresponds to single Total Aggregated Resource (TAR) while Option2/3/4 corresponds to multiple TARs.
Option1: single ECCE aggregation level and single repetition level

Option2: single ECCE aggregation level and multiple repetition levels

Option 3: multiple ECCE aggregation levels and single repetition level

Option4: multiple ECCE aggregation levels and multiple repetition levels

Above four options are compared in Table 1.
Table 1 Four options for blind detection of EPDCCH

	
	Advantage
	Disadvantage

	Option 1
	lowest blind detection complexity and power consumption
	worst scheduling flexibility

	Option 2
	If maximum aggregation level is always used, shortest delay can be obtained
	EPDCCH-PDSCH timing would be impacted since repetition level may be false detected.
The complexity of eNB scheduler would be increased.

larger specification impact

	Option 3
	Using single repetition level is beneficial for EPDCCH-PDSCH timing.
Multiple aggregation level is beneficial to avoid resource collision.
smaller specification impact
	The specific repetition level may needs to be signaled.

	Option 4
	best scheduling flexibility
	highest blind detection complexity and power consumption


Considering that the repetition level can be obtained by PRACH implicitly or by SIB/RRC signaling and option 2 may cause false detection, option 3 is preferable for blind detection of EPDCCH. 
Proposal 7: Multiple aggregation levels should be supported for Rel-13 low complexity UEs and UEs in enhanced coverage.
3.2 Starting Sub-frames
For UE-specific search space, from the UE perspective, the possible starting sub-frames of EPDCCH for MTC repetitions are limited to a subset of subframes. The starting sub-frames of the first transmission for EPDCCH repetitions may be restricted by formula (k+h*n) mod N=0, in which k is the starting sub-frames index, h is available sub-frames number in a frame, n is SFN and N is repetition times of EPDCCH (e.g., if all downlink subframes can be used for EPDCCH, FDD mode: h=10; TDD mode with UL-DL sub-frames configuration 1: h=4).  Examples are shown in Figure 2.  It is assumed that all subframes are available sub-frames, i.e., does not contain MBSFN subframes used for PMCH transmission. 
In Figure 2:
- If/when repetition level 1(e.g. 10 times) is used, UE decode at subframe 10, 20, 30, 40…while starting subframe = 0, 10, 20, 30, 40…
- If/when repetition level 2(e.g. 20 times) is used, UE decode at subframe 20, 40…while starting subframe = 0, 20, 40…
- If/when repetition level 3(e.g. 40 times) is used, UE decode at subframe 40, 80…while starting subframe = 0, 40, 80…

[image: image2.emf]Frame n

Frame 

n+1

Frame 

n+3

Frame 

n+2

RL3

RL2

RL1


Figure 2 Possible starting sub-frames of EPDCCH for MTC repetitions
Proposal 8:  The starting sub-frames of the first transmission for EPDCCH repetitions can be determined by repetition level/times.
3.3 Hopping
Frequency hopping of EPDCCH can be supported in enhanced coverage on consideration of hopping gains. Two hopping schemes can be considered. 

Scheme 1: hopping with hopping granularity dedicated for each repetition level
Scheme 2: hopping with common hopping granularity
Common hopping granularity could be the repetition times of lowest repetition level or half of the repetition times. There are not obvious performance differences between the above two schemes. On consideration of resource utilization, scheme 2 is more suitable for EPDCCHs hopping with different repetition levels in the same PRBs.
Proposal 9: Hopping should be supported for EPDCCH and hopping with common hopping granularity is preferable.
4 Downlink Control Information

For Rel-13 low complexity UEs, it is required to optimize the resource allocation field in DCI because of narrow band restriction. If we take 20MHz system bandwidth as an example, all resource allocation types (type 0/1/2) have restriction on continuous 6 PRB pairs. For type 0, 4 continuous PRB pairs would be always allocated. For type 1, 1 to 4 continuous or discontinuous PRB pairs would be allocated. For type 2, continuous PRB pairs would be always allocated. Discontinuous resource allocation type should be supported for Rel-13 low complexity UEs to obtain more scheduling flexibility. In addition, there may be only discontinuous resources left for Rel-13 low complexity UEs on consideration of high priority of resource occupation by legacy UEs. Resource allocation field in DCI could be optimized by two options. Option 1 is using two fields to indicate narrow band location and PRB pairs in the narrow band when narrow bands in system have been determined. Option 2 is indicating any PRB pairs within continuous 6 PRB pairs in the whole system bandwidth regardless of the narrow band allocation. If we take 20MHz system bandwidth as an example, option 1 needs 5 bits to indicate the allocated narrow band from 17 narrow bands and 6 bits to indicate PRB pairs within the allocated narrow band. Option 2 needs 
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 bits to indicate any PRB pairs within continuous 6 PRB pairs in system bandwidth. Overhead for resource allocation are compared in Table 2 for different types. The two optimized options have fewer overhead.

Table 2 Overhead comparison for different resource allocation types

	Resource allocation type
	Overhead for 20MHz system bandwidth   (bits)

	Type 0
	25

	Type 1
	25

	Type 2
	13

	Option 1
	11

	Option 2
	12


Besides coverage enhancement, methods of reduction of power consumption or repetition times should be considered for Rel-13 low complexity UEs. Compact DCI can reduce the repetition times for EPDCCH. As described in [4], Compact DCI formats can improve the coverage, e.g., about 1.7-2.4 dB coverage gain can be provided by reducing DCI format size from 29/27 bits to 9/10 bits. However, Compact DCI used for EPDCCH may have some specification impact. For Rel-13 low complexity UEs in coverage enhanced mode, unnecessary fields in DCI can be compacted on consideration of reducing repetition times of physical downlink control channel.

Proposal 10: Resource allocation field in DCI needs optimization for Rel-13 low complexity UEs. Considering scheduling flexibility, continuous and discontinuous resource allocation type within narrow band should be supported.
5 PHICH Related Aspects
If the functionality of physical layer HARQ is removed, RLC layer ARQ mechanism may be used to ensure transmission quality. But RLC layer ARQ is inefficient for packet retransmission. PHICH is used to convey HARQ-ACK for PUSCH transmission for legacy UEs. The functionality of PHICH can be replaced by EPDCCH for coverage enhanced MTC UEs. For example, it could be implemented by UL Grant in EPDCCH with HARQ processes introduced, then asynchronous uplink HARQ (similar to downlink) would be a better choice for PUSCH and corresponding HARQ-ACK transmission. Considering the overhead of replacing functionality of PHICH by EPDCCH may be large, a compact DCI format can be considered. 
Proposal 11: UL HARQ mechanism should be reserved for coverage enhanced MTC UEs, and functionality of PHICH can be replaced by EPDCCH.

6 Conclusions
In this contribution, further considerations on physical downlink control channel are discussed for Rel-13 low complexity UEs and UEs in enhanced coverage. We make the following proposals:
Proposal 1: Rel-11 EPDCCH is a starting point for design of physical downlink control channel for MTC.
Proposal 2: The detailed mechanism of determining configuration of the USS before RRC connection establishment should be further studied.
Proposal 3: New SIB(s) transmission by control-less mode and RAR/Paging transmission scheduled by downlink control channel should be supported.
Proposal 4: Common search space of physical downlink control channel for MTC for Rel-13 low complexity UEs and UEs in enhanced coverage should be introduced.
Proposal 5: Narrow band(s) for CSS and USS should be configured independently.
Proposal 6: MBSFN subframe’s impact on cross-subframe scheduling and repetitions need further study. 
Proposal 7:  Multiple aggregation levels should be supported for Rel-13 low complexity UEs and UEs in enhanced coverage.
Proposal 8: The starting sub-frames of the first transmission for EPDCCH repetitions can be determined by repetition level/times.
Proposal 9: Hopping should be supported for EPDCCH and hopping with common hopping granularity.
Proposal 10: Resource allocation field in DCI needs optimization for Rel-13 low complexity UEs. Considering scheduling flexibility, continuous and discontinuous resource allocation type within narrow band should be supported.
Proposal 11: UL HARQ mechanism should be reserved for coverage enhanced MTC UEs, and functionality of PHICH can be replaced by EPDCCH.
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