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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#78bis, regarding the UE complexity reduction and physical downlink control channel for a new low-complexity MTC UE, some agreements and working assumptions were made as follows [2],

Agreement:
· 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.

Working assumptions:
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.

· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs

· FFS: UE behavior

Working assumptions:
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

Agreements:

· 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

In this contribution, we provide some technical solutions for downlink physical data channels and associated physical control channels with respect to above aspects and agreements.
2 A new UE category/type related issues
In this section, we discuss several considerable issues to reduce operation complexity and power saving for MTC UEs with a new low-complexity category/type. This section focuses on aspects on control channel.
· Control overhead
Regarding to the power saving aspect of a new UE category/type, reduction of DCI size can be considered. To reduce the DCI size, some unnecessary field can be removed. For example, the length of MCS field could be reduced. If a new UE category/type follows same modulation order with a Cat-0 UE, it could not support 64 QAM for uplink. Also, since the new UE category/type could have smaller maximum TB size compared with Cat-0 UE, the number of supporting modulation orders and TBS indices could be reduced. Then, the size of modulation and TBS index table for both PDSCH and PUSCH could be reduced, so supporting TBS field via smaller bits can be considered.
Another way could be reducing the length of some fields. Because a new UE category/type has reduced bandwidth with 1.4 MHz, resources for PDSCH can be scheduling within 6 PRBs. In this case, RB assignment field can be composed based on this reduced bandwidth. Thus, when a new category/type UE interprets RB assignment field, it 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.
· Blind decoding complexity
For a new low-complexity UE category/type, separation of subframes for CSS monitoring and USS monitoring can be considered to reduce UE blind decoding complexity. If sub-band FDM for a new UE category/type is allowed and sub-band for cell-common channels and UE-specific channels can be divided, separation of CSS and USS monitoring subframes could be more desirable.
To reduce UE blind decoding complexity, we can also consider reducing the number of aggregation levels. But, it can decrease eNodeB scheduling flexibility, so further consideration could be needed.
· EPDCCH
Since a new UE category/type is unable to decode legacy PDCCH, it was agreed that the physical downlink control channel for MTC is transmitted within a narrowband (6 PRBs) and not mapped to legacy control regions. Then, EPDCCH or EPDCCH-like channel can be used to the physical downlink control channel for a new UE category/type.

Then, if EPDCCH is used to physical control channel for a new UE category/type, CSS on EPDCCH could be necessary. Unless all cell-common PDSCHs (e.g., SIB, Paging, and RAR) are transmitted via predefined resource or their resource locations are indicated by other way, it would be required to transmit EPDCCH scrambled by SI-RNTI, P-RNTI, and/or RA-RNTI via EPDCCH CSS. Transmitting all cell-common PDSCHs in predefined resource without dynamic configurability would disturb scheduling flexibility. So, it would desirable to transmit EPDCCH to schedule some cell-common PDSCHs. Then, since all MTC UEs should receive cell-common PDSCHs, EPDCCH CSS can be identified in predefined cell-common resource location.
If all OFDM symbols in a subframe are used to transmit downlink control channel for MTC UE, decoding downlink grant and related downlink data is a subframe could be hard to low-complexity MTC UE. Therefore, we can consider cross-subframe scheduling for PDSCH if all OFDM symbols in a subframe are used to transmit downlink control channel.
· EPHICH
A new UE category/type would also unable to receive legacy PHICH, 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.
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.
Another option is to transmit HARQ-ACK/NACK information via 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.
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.
Proposal 1: Control overhead reduction is considered for a new UE category/type power saving.
Proposal 2: Separation of subframes for CSS and USS monitoring can be considered for a new UE category/type with low-complexity.

Proposal 3: EPDCCH CSS is introduced for a new UE category/type.
3 Coverage enhancement related issues
In general, we could consider to start discussion on coverage enhancement for physical data and control channels, based on Rel-12 work item agreements. Then, based on Rel-12 agreements, following issues could be discussed further.

· Hashing function within repetition window
During Rel-12 MTC work item discussion, it was discussed how to handle the hashing function to determine the starting location of USS at each subframe within the repetition window. This discussion was not concluded in Rel-12, and we can discuss further about this issue. In current specification, the hashing unit of physical downlink control channel repetitions is a subframe, so (E)CCE location consisting of a physical downlink control channel repetition is changed every subframe. It could have benefit from diversity effect, but USS resource collision issues between MTC UEs with coverage enhancement could be happened. In our view, to address multiplexing issue between coverage limiting MTC UEs, hashing function (the unit of hashing) in a physical downlink control channel repetition can be modified (e.g., the same hashing value is used within a physical downlink control channel bundle).

· PDSCH/PDSCH, and PUSCH/PUSCH overlapping
Because PDSCH for coverage limiting MTC UE is repeated via multiple subframes, from a UE perspective, more than one PDSCH might be scheduled in one subframe as shown in Figure 1 (b). However, reception of two PDSCHs in a same subframe needs to be not required considering UE complexity, as discussed in our companion contribution [3]. Collision issue between two UE-specific PDSCH bundles could also increase UE complexity. In addition, subsequent HARQ-ACK feedback transmission and potential retransmission of those PDSCHs could be another problem. Considering a new low complexity UE category/type, due to its limited number of PRBs (i.e., 6 PRBs), the ratio of PRB resource overlapping between two PDSCHs could be pretty high. Therefore, it might be unable to decode both PDSCHs successfully. This can be avoided by the network scheduling. For the simplicity, it is considerable to prevent overlapping of two UE-specific PDSCHs by extending the interval between two unicast DL grants transmission. The same principle can be applied to PUSCH scheduling as well. However, in case of overlapping between UE-specific PDSCH and cell-common PDSCH, preventing collision solely by eNodeB scheduling may not be easily feasible or efficient as the eNodeB does not know when a UE reads cell-common PDSCH such as SIB. Therefore, UE behaviour for UE-specific PDSCH and cell-common PDSCH collision needs to be defined. For example, UE can receive only one PDSCH and drop the other in overlapped subframes.
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Figure 1. An example of (a) non-overlapped case and (b) overlapped case of two PDSCH bundles

· Frequency hopping
To obtain enhanced coverage, frequency hopping across sub-band within a repetition for low-complexity MTC UE can be considered. In some channel environments, coverage gain from frequency diversity could be obtained and it could help to reduce the number of repetitions. However, frequency hopping for low-complexity MTC UE might require frequency re-tuning time. If the re-tuning time does not converge to zero, spectral efficiency could be reduced since the low-complexity UE cannot receive/transmit some or all OFDM symbols in a subframe used for frequency re-tuning. If frequency hopping is considered, a way to avoid system spectral efficiency degradation due to frequency retuning latency needs to be considered. One example can be to perform frequency hopping per multiple subframes rather than each subframe where the first or last subframe is used for frequency re-tuning which can be used for scheduling some other UEs.
Proposal 4: Hashing function in a repetition of physical downlink control channel for MTC is modified to address multiplexing issue between coverage limiting MTC UEs.

Proposal 5: From the UE perspective, two PDSCHs overlapping in a subframe should not be assumed.

Proposal 6: For frequency hopping across sub-band within a repetition for coverage enhancement, we should further investigate the performance benefits and mechanisms to mitigate potential spectral efficiency degradation from frequency re-tuning latency.
4 Conclusion 
In this contribution, we discussed about downlink physical data channels and associated physical control channels. Based on discussion, we obtained following proposals.
Proposal 1: Control overhead reduction is considered for a new UE category/type power saving.

Proposal 2: Separation of subframes for CSS and USS monitoring can be considered for a new UE category/type with low-complexity.

Proposal 3: EPDCCH CSS is introduced for a new UE category/type.
Proposal 4: Hashing function in a repetition of physical downlink control channel for MTC is modified to address multiplexing issue between coverage limiting MTC UEs.

Proposal 5: From the UE perspective, two PDSCHs overlapping in a subframe should not be assumed.

Proposal 6: For frequency hopping across sub-band within a repetition for coverage enhancement, we should further investigate the performance benefits and mechanisms to mitigate potential spectral efficiency degradation from frequency re-tuning latency.
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