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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 PDSCH transmission for a new low-complexity MTC UE, some agreements were made as follows [2],

	Agreements:
· For Rel-13 low complexity UE in enhanced coverage, the following techniques related to at least unicast PDSCH should be supported

· In order to allow cross-subframe channel estimation, PRB position is the same during at least X subframes 

· X value and configuration are FFS
· This does not preclude dis-continuous transmission for unicast PDSCH

· Frequency hopping is supported over the system BW

· If/when frequency hopping is applied, frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y.
· Configurability is FFS

· FFS: Other techniques
Agreements:
· For UEs in enhanced coverage:
· Repetition/bundling of PDSCH across multiple subframes is supported

· Multiple repetition/bundling 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


In this contribution, we provide some technical solutions for PDSCH transmission with respect to above aspects and agreements.
2 PDSCH transmission resources
2.1 Subframes for PDSCH repetition
For PDSCH transmission for MTC UEs in enhanced coverage, it needs to be discussed which subframe can be used for PDSCH repetition. In this section, we provide our opinion on PDSCH transmission in special subframe and MBSFN subframe.
· Special subframe in TDD
Special subframe in TDD can be used for PDSCH repetition at least the length of DwPTS is not too short. However, in case of special subframe consisting of only 3 downlink symbols (e.g., special subframe configurations 0 and 5 with normal CP), it would be hard to transmit PDSCH in special subframe. 
· MBSFN subframe
Even if a subframe is configured to MBSFN subframes, this subframe can be used to transmit PDSCH for MTC UEs. Thus, it can be considered to use MBSFN subframes for PDSCH repetition for MTC UEs. However, for MBMS transmission at least for legacy UEs, only a part of MBSFN subframes can be used to transmit PDSCH bundle for MTC UEs. In this case, additional configuration to indicate subframes used for PDSCH repetition can be configured.
Proposal 1: PDSCH transmission in special subframe and MBSFN subframe can be considered for MTC UEs.

2.2 PRB location for PDSCH transmission

In our companion contribution [3], a cell-common hopping pattern is proposed which can be applicable to both control and data channels for unicast transmission. It also proposes to consider allocating a virtual sub-band to each UE for unicast transmission where the allocated virtual sub-band can change physical frequency location over time according to frequency hopping pattern. Though allocating sub-band location for PDSCH dynamically may offer better flexibility, it adds DCI overhead and complexity in terms of multiplexing/scheduling repeated control channels and data channels among different UEs with different repetition levels. If frequency hopping is used, cell common enabling/disabling of frequency hopping can be considered. So, in our perspective, indicating sub-band location for PDSCH transmission via DCI is not necessary at least in coverage enhancement mode. Then, resource allocation for PDSCH transmission can be based on the reduced bandwidth (i.e., 6 PRBs). In other words, only PRB location within a sub-band can be configured via DCI for MTC UEs. 
At least for MTC UEs in normal coverage, flexible resource allocation within a sub-band would be necessary. However, dynamic indication of PRB location with high flexibility might not be needed for MTC UEs requiring coverage enhancement, since PDSCH would be transmitted using resources as much as possible to reduce repetition number. Then, it could be considered to reduce RA field size or use RA field for other purposes for MTC UEs in enhanced coverage.
Proposal 2: Reduction in RA field is considered in both normal and enhanced coverage mode.
3 Repetition/Retransmission
3.1 Redundancy version
For PDSCH transmission for MTC UEs in enhanced coverage, repeated PDSCH could be transmitted over multiple subframes bundle. If a UE failed to decode PDSCH, the PDSCH bundle could be retransmitted as depicted in Figure 1. In legacy PDSCH transmission, PDSCH is transmitted via one subframe, and the redundancy version (RV) for the PDSCH transmission is indicated by DCI. For retransmission, the RV can be changed depending on DCI indication. Unlike to legacy PDSCH transmission, PDSCH is transmitted over multiple subframes for coverage enhanced MTC UEs. Then, it would be necessary to discuss the UE assumption for RV value used for repeated PDSCH and retransmitted PDSCH.

For RV value for PDSCH repetition and retransmission, we discuss two considerable methods.

· Option I: Equal RV value during repetition
First option we can consider is to use equal RV value during repetition. In this case, RV used during PDSCH repetition (PDSCH bundle transmission) can be indicated by DCI. For retransmission of PDSCH bundle, the new RV value can be indicated by DCI so the value can be changed.

· Option II: Different RV value during repetition
The other option is changing RV value for each subframe for PDSCH repetition (PDSCH bundle transmission). For example, similar to TTI bundling for PUSCH, a fixed pattern for RV value (e.g. 0, 2, 3, 1, 0, 2, 3, 1, …) can be used during PDSCH repetition. Then, a UE can collect transport blocks with different RVs during a PDSCH bundle reception. In this case, if RV pattern is fixed and same RV pattern can be used for PDSCH bundle retransmission, RV field in DCI can be removed or used for other purpose. On the other hand, there can be multiple RV patterns, and RV field in DCI can indicate the RV pattern used for a PDSCH bundle transmission.
Both options are simple and considerable. However, in some cases, decoding performance of Option II could be better than Option I. When PDSCH does not use low MCS, a UE could receive only a part of encoded transport block then the decoding success probability would be reduced. On the other hand, in Option II, whole encoded transport block could be received. Moreover, Option II could enhance decoding performance since it can obtain more time diversity. Similar transmission structure with Option II is already existed in TTI bundling for PUSCH, so it can be natural to choose to RV value for PDSCH repetition and retransmission.

Proposal 3: Option II is used for RV value for PDSCH repetition and retransmission.
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Figure 1. Repetition and retransmission of PDSCH
3.2 Repetition subframe number for PDSCH
Repetition number of PDSCH transmission would depend on the coverage enhancement level of a UE. If there is three coverage enhancement levels (e.g., 5 dB, 10 dB, and 15 dB enhancement), required coverage enhancement level of a UE might be fixed or changed unfrequently. 
In addition to required coverage enhancement level of MTC UE, adjusting repetition number could be useful. In current system, depend on message size and channel environment (i.e., operating SNR), MCS and the number of allocated PRB resource might be changed. So, if operating SNR is increased, MCS index can be increased whereas resource for PDSCH transmission (i.e., PDSCH PRB size) can be reduced to transmit same amount of data. However, for MTC UEs in enhanced coverage, reducing repetition number rather than PRB size could be more efficient in UE power saving perspective. In other words, the small data can be also transmitted in the entire 6PRBs to reduce the number of repetition subframes. Thus, it would be beneficial to consider dynamical signalling of the repetition number in subframes which can be changed depending on TB size. If this is considered, the current mechanism of determining TB size based on the allocated number of PRB and MCS may not be suitable for MTC UEs in coverage enhancement mode.
Proposal 4: It would be beneficial to consider dynamical signalling of the repetition number for PDSCH transmission.
4 Conclusion 
In this contribution, we discussed about detailed structure of PDSCH transmission for MTC UEs. Based on the discussion, we have some proposals as follows,
Proposal 1: PDSCH transmission in special subframe and MBSFN subframe can be considered for MTC UEs.
Proposal 2: Reduction in RA field is considered in both normal and enhanced coverage mode.
Proposal 3: Option II (in Section 3.1) is used for RV value for PDSCH repetition and retransmission.
Proposal 4: It would be beneficial to consider dynamical signalling of the repetition number for PDSCH transmission.
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