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1 Introduction

There is rich progress for data channel transmission in RAN1#80 meeting. In this contribution, further analysis and our view of design of PDSCH for MTC low-complexity UE and UE supporting coverage enhancement are provided, with the relevant agreements treated in each section.
2 Frequency resource determination
The frequency resource determination could be different between common message and unicast message. For at least some common message transmissions, we observe that there are benefits for MTC to use control-less methods, and in this case the frequency resource assignment can be acquired through several methods as analyzed in [2]. For unicast messages, a L1 control channel (the DL physical control channel for MTC) is needed for flexibly scheduling data within the 1.4 MHz narrowband.

Another issue that needs consideration is capacity, especially when there are large populations of MTC devices in the network. Then multiple narrow bands may be necessary for both common message and unicast message for each or a group of UEs. As the low-complexity UE only needs to support 1.4MHz bandwidth, the narrowband selection mechanism in this case needs specifying. If control-less is adopted, the mechanisms would also be different between the transmission for common message and unicast message. Thus, cross-narrowband scheduling with details of narrowband location determination is to be discussed.
Proposal 1: It is to be decided how to determine the narrowband location for the transmission of common message and/or unicast message.

3 Time resource determination
There are some agreements made in RAN1#80 meeting for timing issue as below.
Agreements:  
· 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 
· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage 
· 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).
Thus, for unicast message for MTC UE in normal coverage, the starting subframe of PDSCH can be in the same subframe as the associated EPDCCH or a delayed subframe behind the EPDCCH. As observed in [3], there are benefits for low-complexity UEs only supporting cross-subframe scheduling if delay tolerance is assumed for MTC application.
For unicast transmission for MTC UE in enhanced coverage, cross-subframe scheduling is inevitable due to DCI repetition, restricted UE complexity, and more decoding time of repeated EPDCCH. As for the delayed gap value k, there are proposals stating that it should not be fixed. Because there could be UEs with different repetition levels mixed in one narrowband for EPDCCH, and then the repetition number of associated PDSCHs are different in the subsequent subframes. Also there is consideration that even during repetition of PDSCH transmission for a low-complexity UE, the repetition number might be changed dynamically because of such as PSD boosting. Our current view is that if suitable cross-narrowband scheduling can be implemented and/or if the timing relation of PDSCH and associated EPDCCH can be dynamically known to the UE, k can be fixed, e.g. 2 for EPDCCH decoding
For the time resource determination of common message, such as transmission period, SI/RAR window size if applicable and PO/PF for Paging, some analysis are provided in our companion contribution [4][5]
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Proposal 2: It is to be decided how the relation of PDSCH timing to physical downlink control channel for MTC timing can be known to UE.
· The value of k, which is the gap between ending subframe of EPDCCH repetition and starting subframe of associated PDSCH, can be fixed in this case.

4 HARQ operation
HARQ operation, including repetition number, HARQ process number and RV determination needs to be considered.
Repetition number
It is also agreed that for PDSCH transmission, multiple repetition levels are supported for matching different coverage enhancement targets.
Agreements:  
· For UEs in enhanced coverage: 
· Repetition/bundling of PDSCH across multiple subframes is supported 

· Multiple repetition/bundling levels in time domain are supported 
Unlike the similar technique TTI bundling supported in uplink in current specification, repetition number of PDSCH transmission would change in a quite large range considering the different deployment scenarios for MTC, the different sizes of cells, and the different geographical distributions that may occur even within cells of the same type. As it will also affect the UE power consumption significantly and will be beneficial for allowing for further optimization during repetition, e.g. power boosting, how and to what extent this value can be changed within each bundle or among different CE levels needs further discussion. Besides UE complexity and power consumption, this needs to take eNB scheduling complexity and/or UE mobility into account. 
Proposal 3: It is to be decided how frequently and with what granularity the determination of repetition number can be changed.
HARQ process number
For uplink transmission there are 8 HARQ processes in non-subframe bundling operation. The HARQ process number is reduced when subframe bundling is applied due to changed round trip time (RTT) for PUSCH transmission. Basically, the maximum possible number of HARQ processes can be calculated from repetition number and RTT, and actually used number of HARQ processes can be controlled by eNB. Reduction of HARQ process number may result in big specification impacts on both physical layer and higher layer, while the benefits of reducing the maximum number of HARQ processes the eNB can assume at the UE  in terms of UE cost appear small, and power consumption could possibly increase by lengthening on time for a data transmission.. Thus, our current view is:
Proposal 4: The max number of DL HARQ process at least for low complexity MTC UEs without CE can be the same as those of Cat.1 UEs.
5 Conclusions
In this contribution, some interested PDSCH agreements are treated and our views are provided. The proposals on PDSCH transmission with or without CE are summarized here.
Proposal 1: It is to be decided how to determine the narrowband location for the transmission of common message and/or unicast message.

Proposal 2: It is to be decided how the relation of PDSCH timing to physical downlink control channel for MTC timing can be known to UE.
· The value of k, which is the gap between ending subframe of EPDCCH repetition and starting subframe of associated PDSCH, can be fixed in this case.

Proposal 3: It is to be decided how frequently and with what granularity the determination of repetition number can be changed.
Proposal 4: The max number of DL HARQ process at least for low complexity MTC UEs without CE can be the same as those of Cat.1 UEs.
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