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1 Introduction

In the work item description of ‘Low-cost & enhanced coverage MTC UE for LTE’, following techniques are specified for coverage enhancement of MTC UE [1].
· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.

NOTE: 
Additional techniques primarily intended to mitigate spectrum efficiency impacts of enhanced coverage (evaluated in TR36.888) are not included in this work item. However, an exception may be considered for techniques where adding an enhancement later would not be feasible (e.g. those impacting common channels). 

In this contribution, we provide our views on some considerations about PDSCH and PUSCH repetition for coverage enhancement of MTC UE.

2 Considerations on PDSCH/PUSCH repetition
When PDSCH/PUSCH is transmitted by repetition for coverage enhancement of MTC UE, there are several considerations on repeated transmission of PDSC/PUSCH. In this section, we discuss about configuration of repetition number and subframe skipping during repetition.
Repetition number of PDSCH/PUSCH
If the channel environment of an MTC UE is changed, then required number of PDSCH/PUSCH repetitions for the UE would also be changed. Even if multiple MTC UEs are located in a cell, the required repetition number for each MTC UEs can be different because placed location and channel environment of each MTC UEs are not same. For an MTC UE with low-mobility, required repetition number for PDSCH/PUSCH may be estimated based on long-term scale feedbacks and the number can be maintained in long-term perspective. How often the required repetition number can be changed or should be changed is FFS. Without frequent feedback, it would not be easy to dynamically adapt the repetition number. Thus, to consider either semi-statically changed repetition level or dynamically changed repetition level, both spectral efficiency and feedback overhead should be considered.
Subframe skipping for repetition 

For coverage enhancement of PDSCH/PUSCH for MTC UE, it is considered to transmit repeated PDSCH/PUSCH bundle through consecutive subframes. However, some subframes can be hard to be used to transmission of repeated PDSCH/PUSCH bundle. Some examples of these subframes are listed below.
· Special subframe

In TDD system, special subframes could not be used for downlink data transmission if it has a small number of downlink symbols. For example, special subframe configuration 0 and 5 have only 3 downlink symbols, so downlink data cannot be transmitted through this special subframe. Therefore, in some special subframe configurations with small downlink symbols, repeated PDSCH could not be transmitted. However, there is still a possibility that special subframe with more than 3 downlink symbols is used to PDSCH repetition. 
· MBSFN subframe

When MBSFN subframes are configured and the cell serves MBMS in these subframes, PDSCH cannot be transmitted through MBSFN subframes. When a MBSFN subframe does not serve MBMS, it would be possible to use this subframe for PDSCH transmission. But it would be feasible when PDSCH can be demodulated using DM-RS.
· Subframe with SIB transmission

A low-cost MTC UE with narrow downlink bandwidth would have difficulty to receive two PDSCHs (i.e. cell-specific PDSCH and UE-specific PDSCH) in a subframe. Therefore, if SIB is transmitted in a subframe, it is considerable not to transmit PDSCH (scheduled by PDCCH USS) in the subframe. So, when a subframe can transmit SIB for MTC UEs and the subframe is located in subframe duration of PDSCH bundle (scheduled by PDCCH USS), transmission of SIB or UE-specific PDSCH can be dropped.
When these subframes exist during a transmission of PDSCH bundle, dropping repeated PDSCH can be considered. For example, an eNodeB transmits a PDSCH bundle by N repetitions in TDD system and special subframes are not able to transmit PDSCH, the PDSCH bundle can be transmitted using N downlink subframes except special subframes as shown in Figure 1. Furthermore, mechanism to indicate usable subframes for PDSCH bundle scheduled by USS PDCCH to UEs can be also considered.
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Figure 1. PDSCH repetition with special subframe skipping
Proposal 1: Available subframe for composition of a PDSCH/PUSCH bundle is to be discussed and determined.

3 PDSCH bundle transmission timing
When a PDSCH bundle is transmitted with a PDCCH bundle, we need to think about transmission timing of PDCCH and PDSCH bundle because both of PDCCH and PDSCH are transmitted through multiple subframes. In this section, we discuss about this issue and provide our view.
Option 1: Same timing for the first subframe of PDCCH and PDSCH bundle
According to the legacy rule that PDSCH is transmitted in a subframe that transmits PDCCH, we can consider that transmission of PDCCH and PDSCH bundle are started in a same subframe. As shown in Figure 2, when transmission of a PDCCH bundle is started in a subframe, transmission of PDSCH bundle is also started in the same subframe. In this case, subframe duration for PDCCH bundle and PDSCH bundle can always be equal. If the rule PDCCH and PDSCH are transmitted in a subframe can be broken, transmission a channel that requires less repetition number (It might be PDCCH) can be finished first.
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Figure 2. Same transmission starting subframe for PDCCH and PDSCH bundle
If Option 1 is applied to PDCCH and PDSCH bundle transmission, PDCCH and PDSCH transmission can have simple structure and less latency. However, since an UE receives PDSCH bundle before completion of PDCCH decoding, the UE should try to receive data for whole downlink bandwidth until success of PDCCH decoding. It would cause UE behaviour complexity and may require additional buffer. Especially for low-cost MTC UE, increase of buffer size would be a significant problem. When same subframe duration for PDCCH bundle and PDSCH bundle is assumed, it would cause resource waste because a channel that requires less repetition number is also repeated too much unnecessarily.
Option 2: Timing offset between PDCCH and PDSCH bundle

Considerable transmission timing of PDCCH and PDSCH bundle to solve the problem of Option 1 is shown in Figure 3. In this structure, PDSCH bundle transmission is started K subframes after the first subframe of PDCCH bundle. Then, K is the timing offset between the first subframe of PDCCH and PDSCH bundle.
Transmission latency for PDSCH would be increased with this structure, but it would not be a matter to delay-tolerant MTC UEs. If K is equal to or larger than PDCCH repetition number (i.e. N), this transmission structure enables to receive PDSCH after success of PDCCH decoding, so problems caused in Option1 would be solved.
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Figure 3. Timing offset between PDCCH and PDSCH bundle transmission
Particularly, if the UE can know the exact repetition number of each PDCCH bundle, the value of K can be set by N or N-1. When K is equal to N, PDSCH bundle transmission is started in the subframe next to the last subframe of PDCCH bundle in this case. If the value of K is N-1, PDSCH bundle transmission is started in the last subframe of PDCCH bundle as shown in Figure 3. 
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Figure 4. Transmission of PDCCH and PDSCH bundle when timing offset is N-1
As a result of discussion about transmission timing of PDCCH and PDSCH bundle, we prefer to adopt Option 2. 
Proposal 2: For transmission timing of PDCCH and PDSCH bundle, we prefer to configure a timing offset between PDCCH and PDSCH bundle transmission.
4 Conclusion
In this contribution, we provide our views on PDSCH and PUSCH repetition for MTC UE. From the discussion, we obtained following proposal,
Proposal 1: Available subframe for composition of a PDSCH/PUSCH bundle is to be discussed and determined.

Proposal 2: For transmission timing of PDCCH and PDSCH bundle, we prefer to configure a timing offset between PDCCH and PDSCH bundle transmission.
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