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1 Introduction

In the last two meetings RAN1#78bis and 79, some details of physical downlink control channel for MTC has been agreed. The agreements were as follows:
Agreements at RAN1#78bis:

· 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 RAN1#79:

· 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
· 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

· CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system informations

· 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
In this contribution, we provide further details of “physical downlink control channel for MTC” by discussing it’s relation with the legacy EPDCCH USS and whether a new EPDCCH CSS is required for Rel-13 low complexity MTC.
2 Physical downlink control channel for MTC 
In RAN1#78bis, it has been agreed that physical downlink control channel for MTC will be used to transmit DCI messages to at least Rel-13 low complexity MTC UEs for unicast transmission. In addition in RAN1#79, it has been agreed that legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz. Therefore, the straightforward choice is that the physical downlink control channel for MTC should be based on existing EPDCCH for system BW>1.4MHz and this control channel should also be used for other UEs configured in coverage enhanced mode.
In case the system BW is 1.4MHz, it has been argued to allow Rel-13 low complexity MTC UE to access 1.4 MHz using legacy PDCCH. The motivation was that from system perspective, it is not efficient to operate both legacy PDCCH and a new control channel as the system resources in 1.4MHz are very limited. Therefore, it is suggested to have PDCCH channel in order legacy UEs and Rel-13 low complexity MTC UEs can share PDCCH resources such as transmission of common control messages (i.e. SIB, RAR and Paging). On the contrary, it has been argued that the objective of this WI is to design a low complexity MTC terminal, so, in order to reduce the complexity and cost of such terminals, the design should avoid any unnecessary or redundant features, therefore, it is suggested that Rel-13 low complexity MTC UE should not support PDCCH in any system bandwidth.

In our view, it is more efficient if 1.4MH system BW do not operate both legacy PDCCH and physical downlink control channel simultaneously as the system resources in 1.4MHz are very limited. This would mean that either legacy LTE system or stand-alone MTC carrier of 1.4MHz BW is operated. In case of stand-alone MTC carrier, the legacy PCFICH, PDCCH and PHICH are completely eliminated or not supported, leading common design of having physical downlink control channel based on existing EPDCCH in all system BWs for Rel-13 MTC UEs. 
Proposal 1: The design of the “physical downlink control channel for MTC” should be based on EPDCCH for all system BWs.
3 UE Specific Search Space for MTC 
As discussed above, our view is that the design of the physical downlink control channel for MTC should be based on EPDCCH. Therefore, details of EPDCCH should be provided such as CSS and USS and how UE initially finds the location of EPDCCH CSS. 
In RAN1#79, it has been agreed that UE to monitor multiple ‘Physical downlink control channel for MTC’ decoding candidates and/or one or more repetition level(s) at least for the UE-specific search space. However, for Rel-13 low complexity MTC UEs in non-coverage enhanced mode, repetition in time domain may not be configured, so in this case, the design requirement should be same as normal UEs supporting EPDCCH USS specified in Rel-11. Based on that an MTC UE should be configured one PRB set (e.g. PRB-pairs of 2, 4, and 6) of either localized or distributed transmission for EPDCCH USS monitoring in which the configuration can be done via a new EPDCCH CSS or control-less transmission as discussed in the next section.
For Rel-13 low complexity MTC UEs in coverage enhanced mode, the design of EPDCCH USS should be same as UEs in non-coverage enhanced mode coupled with repetition in time domain where the number of repetitions depends on coverage level. Therefore, UE needs to monitor a number of decoding candidates and one or more repetition level(s) in the EPDCCH USS. We discuss the following possible options [4]:

Option 1: single ECCE aggregation level and single repetition level – In this option, UE monitors single aggregation level and single repetition level as shown on Figure 1. It seems that this option has least specification impact and complexity at the UE.
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     Figure 1. Option 1: single aggregation level and single repetition level.
Option 2: single ECCE aggregation level and multiple repetition levels - The aggregation level can be fixed (or semi-statically configured) and multiple repetition levels can be configured within the repetition window. In this case, the repetition window will be given by the longest repetition level. For example as shown on Figure 2, single AL8 and two repetition levels of length 10 and 40 can be applied where UE combines repetitions across subframes and tries to decode EPDCCH at subframe 10 for repetition length 10 and at subframe 40 for repetition length 40. If UE decodes the EPDCCH successfully in the first repetition level, then UE does not continue to decode the remaining repetition levels and UE waits at the end of repetition window. It seems there are some merits for this option, such as to deal with varying channel conditions and some possible power saving at the UE. However, our understanding is that eNB does not know at which point the UE decoded the EPDCCH successfully, so it has to rely on the longest repetition level which is same as the repetition window. For the aggregation level, it may be beneficial to make configurable in order to ease the blocking probability and multiplexing different UEs in the EPDCCH search space.
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     Figure 2. Option 2: single aggregation level and multiple repetition levels.
Option 3: Multiple ECCE aggregation levels and single repetition level - The repetition level can be fixed, but, multiple aggregation levels can be transmitted within the repetition window. For example as shown on Figure 3, AL4 and 8 with single repetition level of length 20 can be employed. UE combines the repetitions across many subframes and tries to decode the EPDCCH in each aggregation level at the end of repetition window. The merit is that there are parallel repetitions corresponding different coverage levels in order to deal with UE’s varying channel condition. However, this option consumes a lot of resources in the EPDCCH search space as there are parallel repetitions in the repetition window and also increases blocking probability in the search space.
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     Figure 3. Option 3: multiple aggregation levels and single repetition level.
Option 4: Multiple ECCE aggregation levels and multiple repetition levels - This is option is to support multiple aggregation levels and multiple repetition levels within the repetition window, for example AL4 and 8 with two repetition lengths 10 and 40. This option has more complexity at the UE as it involves multiple repetition levels where in each repetition level contains multiple aggregation levels in which UE tries to decode them. Other demerits are higher resource consumption and higher blocking probability in the EPDCCH search space. So, this option has to be ruled out.
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     Figure 4. Option 4: multiple aggregation levels and multiple repetition levels.
Based on the above discussions, among all options, Option 1 and 2 provide least specification impact, complexity, resource consumption and blocking probability in the EPDCCH search space. However, between Option 1 and 2, Option 2 is preferable as it can handle UE’s varying channel condition based on multiple repetition levels within the repetition window. 

Proposal 2: consider Option 2 of single aggregation level and multiple repetition levels where the aggregation level is semi-statically configured.
4 Common Search Space for MTC 
If only EPDCCH is supported for Rel-13 low complexity MTC UE, there should be a way to schedule the common control information such as SIB, RAR and Paging for MTC UEs. There are at least two options:

Option 1: Control-less Common Control transmission - it can be applied similar to PBCH-like design in which transmission timing, resource allocation (RA) and transmission formats (MCS, RV, etc.) are predefined for the common control information transmission. The advantage is that this option provides overhead reduction as well as power consumption reduction at the UE due to elimination of the control transmission. The disadvantage is that it lacks eNodeB scheduling flexibility and also difficult to add more information at least for SIB in the later releases for possible enhancements. 
Option 2: EPDCCH CSS transmission - another option is to define common search space (CSS) in EPDCCH to provide dynamic scheduling for the common control information for Rel-13 low complexity UEs. However, the disadvantage is the control overhead compare to Option 1, more specifically for coverage enhanced mode where a significant number of repetitions are needed. The advantage is the eNodeB scheduling flexibility that achieves an efficient system operation. The following design principles can be considered for EPDCCH CSS:
· The resources for EPDCCH CSS can be signaled in PBCH
· EPDCCH CSS is based on distributed EPDCCH transmission and if required repetition in time domain can be considered as a baseline to ensure cell-edge coverage. 
· The ratematching parameters for EPDCCH CSS can be pre-determined
· Starting OFDM symbol for EPDCCH CSS can be signaled in PBCH (Note that in case of stand-alone MTC carrier of 1.4MHz BW is operated, starting OFDM index for EPDCCH CSS will be zero, hence, no legacy control channel is present).
Proposal 3: FFS either Control-less Common Control transmission or EPDCCH CSS transmission for Rel-13 low complexity MTC UE. 

Conclusion

In this contribution, we have provided some further details of physical downlink control channel for MTC and we have the following proposals: 
Proposal 1: The design of the “physical downlink control channel” for MTC should be based on EPDCCH for all system BWs.

Proposal 2: Consider Option 2 of single aggregation level and multiple repetition levels where the aggregation level is semi-statically configured.
Proposal 3: FFS either Control-less Common Control transmission or EPDCCH CSS transmission for Rel-13 low complexity MTC UE. 
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