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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type.

In RAN1#80, regarding physical downlink control channel for a new low-complexity MTC UE, some agreements and working assumptions were made as follows [2],

	Working Assumption:
· For subframes containing PDSCH carrying MTC SIB1, the starting OFDM symbol of MTC SIB1 reception is a fixed value predefined in the specification

· The fixed value is equal to the maximum CFI value for the given system configuration (TDD/FDD, system bandwidth)
· Here “MTC SIB1” refers to the first SIB that carries configuration information for the low-complexity/coverage-enhancement UE 
· FFS: Handling of duration  of DwPTS for TDD
· For "Physical downlink control channel for MTC" and other PDSCH, the starting OFDM symbol is broadcast to all low-complexity/coverage-enhancement UEs in a cell via a shared higher layer parameter in MTC SIB1.

· The higher layer parameter is a 2-bit field, indicating starting OFDM symbol ( {1,2,3} for  [image: image1.png]NE>10
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· As in existing system, the starting OFDM symbol for subframe 1 and 6 for TDD is maximum 2

· FFS if starting OFDM symbol can be 0
· FFS: MBSFN subframe handling

Agreements:
· Confirm WA unless MIB is agreed to indicate starting OFDM symbol for low-complexity UEs in coverage-enhancement
Agreements:
· 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

Agreements:
· 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

Agreements:
· 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.


In this contribution, we provide more detailed technical solutions for downlink control channels for Rel-13 low-complexity UEs with respect to above aspects and agreements.
2 CFI and HARQ ACK/NACK
2.1 CFI signaling
In the last meeting, it was agreed that CFI value for "Physical downlink control channel for MTC" and other PDSCH transmission is broadcast via MTC SIB1, unless MIB is agreed to indicate starting OFDM symbol for low-complexity UEs in coverage-enhancement.
According to this agreement, dynamic CFI value change is unable for MTC UEs. Then, resource waste could be occurred when CFI value indicated by PCFICH for non-MTC UEs is smaller than CFI value indicated by MTC SIB1 for MTC UEs. For efficient resource utilization, more flexible CFI value indication than MTC-SIB1 indication would be useful at least for MTC UEs not in enhanced coverage. For example, in addition to SIB1 configuration, CFI indication via RRC signalling for normal coverage UE can be considered. In this approach, a UE assumes CFI value is acquired from MTC-SIB1 before receiving RRC signalling, and CFI value would be re-configured by RRC signalling. Dynamic CFI indication using DCI also can be considered. In this instance, each downlink grant can indicate starting OFDM symbol location for scheduled PDSCH reception.
The CFI value determination for MBSFN subframe should be discussed if MBSFN subframes are configured to MTC UEs. Other than 1.4MHz system BW, it is yet unclear whether MBMS can be supported for low-cost MTC UEs. If MBMS is not supported for low-cost MTC UEs, MBSFN subframe configuration may not be necessary. There can be two approaches for CFI value configuration for MBSFN subframe. One is indication additional CFI value for MBSFN subframe via MTC-SIB1, and the other one is applying indicated CFI value for both non-MBSFN subframe and non-MBSFN subframe. To reduce the amount of configuration, indicating only one CFI value for non-MBSFN and MBSFN subframe would be desirable. However, when the indicated CFI value is 3 or 4, this CFI value is not efficient for MBSFN subframe since the maximum CFI value for MBSFN subframe is 2. As a simple solution for this problem, UE can obtain CFI value from min(2, CFI indicated by MTC-SIB1) in MBSFN subframes at least for unicast control and data reception.
Proposal 1: More dynamic (re-)configuration of CFI in addition to MTC-SIB1 configuration is considered for MTC UEs in normal coverage.
Proposal 2: If MBSFN subframe configuration is given to low cost MTC UEs, CFI value of unicast transmission is minimum between 2 and CFI value indicated by signalling. 
2.2 HARQ ACK/NACK transmission for PUSCH

A Rel-13 low-complexity UE is not able to receive legacy PHICH at least for system BW larger than 1.4 MHz [3]. Then, new method to transmit HARQ-ACK/NACK associated with PUSCH should be discussed. We can consider three options for HARQ-ACK/NACK transmission for PUSCH.

· Option A: PHICH-less operation
First option is PHICH-less operation for low-complexity MTC. In this option, the NDI field in uplink grant could replace HARQ-ACK/NACK functionality. This option is simple and would not require much specification impact.
· Option B: New DCI for HARQ-ACK/NACK
Another option is to transmit HARQ-ACK/NACK information via physical downlink control channel for low-complexity MTC UEs. For example, we can adopt a common DCI format containing HARQ-ACK/NACK information of a group of UEs similar to DCI format 3/3A for TPC command. However, this option would not reduce resource overhead significantly to schedule PUSCH retransmission compared to Option A, since it also transmitted via downlink control channel. In addition, it would require larger amount of specification impacts than Option A. 

· Option C: New channel (i.e., EPHICH) design for HARQ-ACK/NACK
For HARQ-ACK/NACK transmission for PUSCH, enhanced PHICH (i.e. EPHICH) transmitted within a narrowband (6 PRBs) can be designed to transmit HARQ-ACK/NACK. It could be designed similar to PHICH and transmitted in a certain region within 6 PRBs. Explicit HARQ ACK/NACK transmission using Option C transmit HARQ ACK/NACK efficiently using smaller amount of resource than transmitting downlink control channel. But resource for EPHOCH transmission would be reserved and this resource could not be used for downlink control channel and PDSCH transmission for Rel-13 low-complexity UE. It would be not desirable to low-complexity UE in enhanced coverage, since reduced resource for downlink control channel and PDSCH transmission would increase repetition numbers. Also, this option would require large specification impact.
So, Option A seems appropriate for HARQ ACK/NACK transmission (retransmission scheduling) for PUSCH. 
Proposal 3: PHICH-less operation using uplink grant in Option A is considered to replace HARQ-ACK/NACK functionality for PUSCH schedule.
3 EPDCCH monitoring for MTC UEs in enhanced coverage
In this section, we discuss about details on EPDCCH monitoring Rel-13 low-complexity UE in enhanced coverage. 
3.1 EPDCCH monitoring region
For UE complexity reduction and power saving, it would be desirable to reduce unnecessary EPDCCH monitoring. For example, UE does not need to monitor EPDCCH during PDSCH reception, since PDSCH would be transmitted using resources as much as possible to reduce repetition number. As a similar case, monitoring EPDCCH during PDSCH transmission for other UEs would also waste UE power. Regarding these aspects, it would be worth to consider restricting EPDCCH monitoring timing as shown in Figure 1.
EPDCCH monitoring timing at least for USS can be configured to a UE, and following configurations would be necessary. These can be UE-specific configurations to provide flexibility of cell operation.
· EPDCCH monitoring timing Period and Offset: It configures the period and offset of starting subframe of each EPDCCH monitoring time region. A UE would start EPDCCH monitoring according to this configuration. For UE power saving, it would be desirable that this period is configured to be larger than the required period for EPDCCH and associated PDSCH transmission.

· EPDCCH monitoring Duration: It indicated the duration of each EPDCCH monitoring time region. From start subframe of each EPDCCH monitoring region, a UE would continue to monitor EPDCCH during ‘EPDCCH monitoring Duration’. If a UE can monitor EPDCCH only a subset of subframes in each EPDCCH monitoring region, the location for EPDCCH monitoring within a EPDCCH monitoring region can be configured.
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Figure 1. EPDCCH monitoring time

Regard to PRB resource for EPDCCH monitoring within EPDCCH monitoring time region, restricting PRB resource for EPDCCH monitoring to whole PRBs in a sub-band (i.e., 6 PRBs) seems not desirable in our perspective. For instance, it is not possible to convince that 6 PRBs can be always used to EPDCCH monitoring. If a sub-band for a UE is partially overlapped with center 6 PRBs, it would be not able to transmit EPDCCH using the overlapped PRB region in subframes transmitting PSS/SSS and/or PBCH. In addition, it is worth to give flexibility to eNodeB, so the eNodeB can select PRB region for EPDCCH monitoring for flexible cell operation. 
Proposal 4: EPDCCH monitoring subframes can be restricted to subset of subframes.
3.2 EPDCCH transmission within EPDCCH monitoring region
In this section, we discuss about EPDCCH candidates composition and EPDCCH transmission within EPDCCH monitoring region. 
Before discussion details design for EPDCCH candidates, we need to discuss about whether EPDCCH multiplexing is necessary or not.

· Multiple DCIs transmission for a UE: For FD-FDD case, a UE can transmit PUSCH bundle while receiving PDSCH bundle using different uplink/downlink frequency region. Regarding TDD case, transmitting PUSCH bundle while receiving PDSCH bundle is possible using separated uplink/downlink subframe location. To make a UE transmits PUSCH bundle while receiving PDSCH bundle, a UE needs to receive both downlink grant and uplink grant while EPDCCH monitoring. Transmitting more than one DCI to a UE is also natural considering a UE can receive both downlink grant and uplink grant in USS in current specification.
· DCI multiplexing for multiple UEs: Especially for PUSCH transmission, PUSCH multiplexing in a subframe would be desirable considering a PUSCH bundle would be transmitted by no more than 1 PRB for PSD boosting. Then, multiplexing multiple DCIs for uplink scheduling should be considered. A possible mechanism of configuring multiple sub-bands for concurrent uplink grant scheduling can be considered, however, this may restrict the scheduling flexibility. 
Considering above aspects, the design should allow possible multiplexing of multiple DCIs in 6PRBs in one subframe. Furthermore, the commonality between coverage enhancement and normal coverage is also important. Based on the evaluations and trade off [3], we consider that MTC control channel should be based on EPDCCH in normal coverage as well. For normal coverage UE scheduling, it is straightforward to assume that multiple DCIs can be multiplexed in the configured EPDCCH monitoring PRBs. 

Proposal 5: It is assumed that multiple DCIs can be multiplexed in the configured EPDCCH PRBs. 

As discussed in Rel-12, the total aggregated resource (TAR) for one DCI can vary depending on the coverage enhancement (CE) level and link adaptation of a UE. Though it may depend on the accuracy of measurement, UE mobility, and others, it is generally considered that the gap between two CE levels is relatively large (e.g., 5 dB), i.e., finer granularity of semi-static CE level configuration can be challenging. Thus, generally, we think that some link adaptation to adjust the amount of TAR would be necessary. Furthermore, this flexibility for transmission EPDCCH could be necessary considering various applications of MTC UEs. So, we can consider maintaining multiple aggregation levels for MTC UEs. Instead of multiple aggregation levels, monitoring EPDCCH candidates with various repetition levels (RL, i.e., number of repeated subframes) also can be considered. Then, we would like to discuss about aggregation level and repetition level of multiple EPDCCH candidates for a UE. In terms of adjusting TAR, we can consider overall two approaches – (1) fixing the repetition number in subframes (RL), and change the used resource in one subframe (AL) and (2) fixing the used resource in one subframe (AL) and change the repetition number (RL). 

· Alternative 1: Multiple ALs and single RL, multiple candidates per AL
In this alternative, repetition number of all EPDCCH candidates would depend on the coverage enhancement level of a UE, and all decoding candidates have single repetition number. Within a coverage enhancement level, there exists multiple aggregation levels for code rate adjusting based on DCI size, channel variation and resource flexibility. UE monitors multiple aggregation levels per subframe, and there can be multiple EPDCCH candidates for an aggregation level as shown in Figure 2. (a). In this alternative, multiple EPDCCH for a UE can be transmitted using different EPDCCH candidates which composed with different resources in a (UE-specific) EPDCCH monitoring time region. Using this approach, a UE could perform decoding in one subframe for all decoding candidates. In our view, this approach offers better flexibility compared to the other approach. In terms of possible power saving, though it is generally desirable to reduce the number of receiving TTIs, when compact DCI is used, it is yet unclear how much additional power saving can be achieved by the other approach.
· Alternative 2: Single AL and multiple RLs
In this approach, all EPDCCH candidates can have single aggregation level but different repetition numbers as depicted in Figure 2. (b) and (c). 

· Alternative 2-1: Single AL and multiple RLs, one decoding occasion per RL
In Alternative 2-1, within one period of control channel repetition, only one decoding occasion (i.e., ending subframe of repetition) is expected per RL where the starting subframes of different repetition numbers are aligned. In this approach, repetition number can be adapted for link adaptation and/or fine tuning of coverage enhancement levels. With this approach, it could be considered to have short sleeping when EPDCCH decoding is succeed for candidate with short repetition number. If PDSCH/PUSCH is assumed to be transmitted immediately after EPDCCH transmission, there can be power saving effect by reducing IDLE time to complete reception of one unicast control/data transmission. This benefit, however, can be enjoyed only in limited circumstances and with some assumptions. For example, if a UE monitors both DCI for downlink schedule and uplink grant at the same time, a UE cannot stop receiving repetition until it finishes successful decoding on both. Also, there can be an implementation method that a UE checks all decoding candidates even if a decoding candidate passes CRC check to select best decoding candidate. In this implementation way, the advantage from short sleeping cannot be obtained. Also, blocking probability when transmit multiple EPDCCHs for different UEs could be increased, since the number of decoding candidates using separated resource is not enough compared to other alternatives.
· Alternative 2-2: Single AL and multiple RLs, multiple decoding occasions per RL
In Alternative 2-2, all EPDCCH candidates can have single aggregation level and UE monitors candidates with multiple repetition numbers similar to Alternative 2-1. But, there can be multiple decoding occasions for each repetition number as shown in Figure 2. (c). Unlike to Alternative 2-1, high blocking probability of Alternative 2-1 could be reduced. However, high specification impact to introduce time-domain index to indicate a decoding candidate would be occurred. 
In the last meeting, it was agreed to have 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 [2]. According to discussion, Alternative 2-1 and 2-2 do not have considerable benefits compared to Alternative 1. Furthermore, commonality between normal and enhanced coverage needs to be considered as well. Then, it is natural to maintain legacy design of EPDCCH as much as possible. Therefore, we propose to compose EPDCCH candidates with multiple aggregation levels as presented in Alternative 1.
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Figure 2. Examples of (a) Alternative 1, (b) Alternative 2-1, and (c) Alternative 2-2

Based on Alternative 1, it can be considered to introduce multiple monitoring starting locations within a EPDCCH monitoring time region for further multiplexing of EPDCCHs and UE multiplexing. For example, if the EPDCCH monitoring time region consists of subframe #n ~ #n+39, starting location of EPDCCH monitoring can be subframe #n, #10, #20, and #30 if the repetition number of EPDCCH is 10 subframes.
Proposal 6: EPDCCH decoding candidates for a MTC UE can have different aggregation levels, but have single repetition number.
3.3 Timing relationship between EPDCCH and PDSCH transmission

In the last meeting, it was agreed that 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)) [2]. To receive unicast PDSCH scheduled by EPDCCH, timing relationship between EPDCCH and PDSCH bundle transmission should be determined. Then, we can consider two options as follows.

· Option 1: Fixed timing offset k between EPDCCH and PDSCH bundle
One way to assigning PDSCH transmission not before the end of EPDCCH transmission is to give a fixed subframe gap between EPDCCH and PDSCH bundle. In other word, when the last subframe of EPDCCH transmission is subframe n, the first subframe of PDSCH transmission is subframe n+k, where k (k > 0) is a fixed value.

· Option 2: Flexible timing offset k between EPDCCH and PDSCH bundle
Instead of giving a fixed gap between EPDCCH and PDSCH bundle transmission, timing offset between EPDCCH and PDSCH bundle can be flexible. Then, PDSCH transmission starting subframes for UE1 and UE2 can be different even if EPDCCH transmission ending subframes for both UEs are same. It would make it feasible to multiplex EPDCCHs for multiple UEs and transmit PDSCHs for multiple UEs by TDM. This option enables eNodeB to operate a cell flexibly. Also, this could allow independent configuration of starting subframe sets for control and data channel repetitions where starting subframe set for control channel needs to consider both downlink and uplink repetitions.
For multiplexing PDSCH bundles and providing network flexibility, Option 2 would be more appropriate solution.

Proposal 7: Option 2 is preferred for timing relationship between EPDCCH and PDSCH transmission for coverage enhanced MTC UEs.
4 DCI size reduction
In RAN1#79 meeting, it was agreed to strive to reduce active transmission/reception time by considering the DCI size [4]. To reduce DCI size, we can discuss about which fields are really necessary for low-complexity UE.
For downlink grant, at least following fields seem necessary to be transmitted.

· Resource block assignment: This field would be needed for flexible resource allocation, but its field size can be reduced if the reduced bandwidth (i.e., 6 PRB) is assumed. Then, a UE can understand   
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 to the reduced bandwidth (i.e., 6 PRBs) instead of downlink system bandwidth. Then, almost 55 % of the length of RA field can be reduced when 50 PRBs system bandwidth is assumed.
· Modulation and coding scheme: Depend on application of MTC UEs, MTC UE can require various transport block size. If supported modulations for a low complexity UE is considered, it is possible to reduce MCS field size. Also, in a coverage enhancement mode, it may not be necessarily to support all MCS levels. Thus, MCS field size reduction can be considered at least in coverage enhancement mode.

· HARQ process number: It would be required to support more than one HARQ process number for low-complexity UE. 

· New data indicator:  It is essential field to support HARQ retransmission.

· TPC command for PUCCH: This field can be used for low-complexity UE not in enhanced coverage at least. 
For uplink grant resource block assignment, transport block size, new data indicator, TPC command for scheduled PUSCH can be transmitted similar to PDSCH. In addition, following field also can be transmitted in uplink grant.

· CSI request: Aperiodic CSI request is supported for Rel-13 low-complexity UE.

Proposal 8: Resource block assignment field in DCI is composed based on reduced bandwidth (i.e. 6 PRBs)
5 Conclusion 
In this contribution, we discussed about detailed technical solutions for downlink control channels for Rel-13 low-complexity. Based on discussion, we obtained following proposals. 
Proposal 1: More dynamic (re-)configuration of CFI in addition to MTC-SIB1 configuration is considered for MTC UEs in normal coverage.
Proposal 2: If MBSFN subframe configuration is given to low cost MTC UEs, CFI value of unicast transmission is minimum between 2 and CFI value indicated by signalling. 
Proposal 3: PHICH-less operation using uplink grant in Option A (in Section 2.2) is considered to replace HARQ-ACK/NACK functionality for PUSCH schedule.
Proposal 4: EPDCCH monitoring subframes can be restricted to subset of subframes.
Proposal 5: It is assumed that multiple DCIs can be multiplexed in the configured EPDCCH PRBs. 

Proposal 6: EPDCCH decoding candidates for a MTC UE can have different aggregation levels, but have single repetition number.
Proposal 7: Option 2 (in Section 3.3) is preferred for timing relationship between EPDCCH and PDSCH transmission for coverage enhanced MTC UEs.
Proposal 8: Resource block assignment field in DCI is composed based on reduced bandwidth (i.e. 6 PRBs)
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