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1 Introduction

In RAN1#75, repetition for PDSCH coverage enhancement was agreed as follows [1],
Agreements:
· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
Agreements:
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.
· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
In the last meeting, some structures of PDSCH transmission for coverage limiting MTC UEs were agreed. Based on the agreements, we suggest some detailed structure of PDSCH repetitions in this contribution.
2 (E)PDCCH and PDSCH timing relationship
When a PDSCH bundle is transmitted with the corresponding PDCCH bundle, it is needed to consider about transmission timing relationship between (E)PDCCH bundle and PDSCH bundle because both (E)PDCCH and PDSCH are repeated through multiple subframes. In the last meeting, it was agreed that assigned PDSCH is transmitted after end of (E)PDCCH. Based on this agreement, we discuss about detailed structure of (E)PDCCH and PDSCH timing relationship.
Option 1: Specified relationship between (E)PDCCH last subframe and PDSCH starting subframe
One way to assigning PDSCH transmission not before end of (E)PDCCH is to give a timing gap between the last subframe of (E)PDCCH bundle and the first subframe of PDSCH bundle as shown in Figure 1 (a). In other word, when the last subframe of (E)PDCCH repetition is subframe n, the first subframe of PDSCH repetitions is subframe n+G, where G (G > 0) is a specified value. If this option is applied, the transmission timing of PDSCH depends on the (E)PDCCH subframe repetition level. So the latency for data reception can be reduced when (E)PDCCH repetition number is small.
Option 2: Specified relationship between (E)PDCCH starting subframe and PDSCH starting subframe
To satisfy the agreement of the last meeting, timing gap between (E)PDCCH starting subframe and PDSCH starting subframe can be specified. In this case, the timing gap between the first subframe of (E)PDCCH repetitions and PDSCH repetitions should be larger than the duration of (E)PDCCH repetitions. So, when the first subframe of (E)PDCCH repetition is subframe n and the last subframe of (E)PDCCH repetition is subframe n+D, the first subframe of PDSCH repetitions is subframe n+G, where G is a specified value and larger than D. Transmission example of this option is depicted in Figure 2 (b). In this option, the PDSCH transmission timing is maintained although the subframe number for (E)PDCCH repetitions is varied. It would cause larger data reception latency compared to Option 1. However, eNodeB’s complexity on (E)PDCCH/PDSCH scheduling of multiple UEs would be reduced compared with Option 1.
Option 3: Independent configuration of PDSCH starting subframe with (E)PDCCH starting subframe
Instead of giving a relationship between (E)PDCCH and PDSCH repetitions, independent transmission timing between (E)PDCCH and PDSCH can be considered. Similar to the configuration of the possible starting subframes for (E)PDCCH repetitions, the possible starting subframes for PDSCH repetitions can be configured as shown in Figure 1 (c). In this case, for instance, PDSCH transmission can be started at the closest PDSCH starting subframe after finishing (E)PDCCH transmission. When the last subframe of (E)PDCCH repetition is subframe n, the first subframe of PDSCH repetitions is subframe n+G where the value of G depends on the location of the closest PDSCH repetition starting subframe from subframe n. This option can cause large data reception latency some times, but it would be less complicated to eNodeB and UE compared to Option 1.
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Figure 1. Examples of (E)PDCCH and PDSCH timing relationship
All options discussed above can be applied to determine the subframe location of PDSCH transmission. Option 1 would be a way to minimize the latency for PDSCH reception. However, Option 2 and 3 offer simple structure, so those options would reduce the scheduling complexity of eNodeB compared to Option 1. In addition, PDSCH transmission with Option 2 and 3 would help resource alignment of repeated PUCCH among UEs is considered. Therefore, when the complexity of eNodeB scheduling is considered, Option 2 or Option 3 seems more appropriate solution.
Proposal 1: Option 2 or 3 is preferred for timing relationship between (E)PDCCH and PDSCH repetitions
3 Considerations on PDSCH(PUSCH) repetitions
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 UE would be different because placed location and channel environment of each MTC UE are not same. For an MTC UE with low-mobility, required repetition number for PDSCH/PUSCH might be estimated based on long-term scale feedbacks and the number can also be maintained in long-term perspective. How often the required repetition number could be changed or should be changed is FFS. Without frequent feedback, it would not be easy to dynamically adjust 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 taken into account. If stable channel environment and low UE mobility is assumed, PDSCH/PUSCH repetition level can be configured by RRC signalling. If the support of dynamic configuration is required, indication of PDSCH/PUSCH repetition level via DCI can be considered. Without configuration of PDSCH/PUSCH repetition level, an MTC UE can obtain the PDSCH/PUSCH repetition level from (E)PDCCH repetition level. Then, linkage of (E)PDCCH and PDSCH/PUSCH subframe repetition levels can be specified or configured.
Subframe skipping during repetition
For coverage enhancement of PDSCH/PUSCH for the MTC UEs, it is considered as natural way to transmit PDSCH/PUSCH repetitions through consecutive subframes. However, some subframes would be hard to be used for transmission of repeated PDSCH/PUSCH bundle. Some examples of those subframes are listed below.

· Special subframe in TDD

In TDD system, special subframes could not be used for downlink data transmission if it has a small number of downlink symbols. For example, in case of special subframe consisting of only 3 downlink symbols (e.g. configurations 0 and 5 with normal CP), data cannot be transmitted through such subframe. Therefore, in some special subframe with small downlink symbols, repeated PDSCH could not be transmitted. Other special subframe configurations which can transmit PDSCH, repetition within a bundle can be occurred in the special subframes.
· MBSFN subframe

When MBSFN subframes are configured and the cell serves MBMS in these subframes, PDSCH cannot be transmitted through those MBSFN subframes. When a MBSFN subframe is not used to serve MBMS for other purpose (i.e. setting fake MBSFN subframe), it would be possible to use this subframe for PDSCH transmission, if an UE is configured with transmission mode 9. 

· 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) simultaneously in a single subframe. Therefore, if SIB is transmitted in a subframe, it could be considered not to transmit/receive UE-specific PDSCH (scheduled by PDCCH USS) in the subframe. So, when a subframe is able to transmit SIB for MTC UEs and the subframe is located in duration of UE-specific PDSCH bundle, transmission of SIB or UE-specific PDSCH can be restricted.
When these subframes exist during a transmission of PDSCH bundle, simple subframe skipping can be considered. For example, an eNB 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 consecutive downlink subframes except special subframes as shown in Figure 2. Furthermore, mechanism to indicate usable subframes for (UE-specific) PDSCH bundle to UEs can be also considered.
Proposal 2: Available subframe for composition of a PDSCH/PUSCH bundle is to be discussed and determined.
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Figure 2. PDSCH repetition with special subframe skipping

Collision between PDSCH and PDSCH for an UE
Because PDSCH for coverage limiting MTC UE is repeated via multiple subframes, from a UE perspective, more than one PDSCH may be scheduled in one subframe as shown in Figure 3 (b).  Particularly, if PDCCH bundle for cell-common PDSCH and PDCCH bundle for unicast PDSCH are overlapped partially or fully, overlap between two PDSCHs can be also possible. With a UE to receive simultaneous cell-common data and unicast data in a given subframe, overlap between cell-common PDSCH and unicast PDSCH may not cause a big problem, and for scheduling flexibility this may need to be allowed. However, whether to allow partial or full overlap either between two unicast PDSCHs or between two cell-common PDSCHs need some considerations. For example, two PDSCH bundles scheduled by corresponding (E)PDCCH can collide when a PDSCH is scheduled before transmission of another (prior) PDSCH bundle is finished. As long as the subframe locations for decoding these two PDSCHs are different, receiving both PDSCHs would be possible from UE decoding capability perspective if PRBs for two PDSCHs are not overlapped. However, subsequent HARQ-ACK feedback transmission and potential retransmission of those PDSCHs may need to be handled properly if overlap between two unicast is allowed. For example, if HARQ-ACK repetition on PUCCH corresponding to two PDSCHs is partially or fully overlapped, collision of PUCCH needs to be handled. Given that a coverage enhancement mode operating UE would be tolerable with large latency, for the simplicity, alternative option of not allowing partial or full overlap either between unicast PDSCHs or between cell-common PDSCHs can be considered. If this is assumed, either the network scheduler assures no overlap between PDSCHs or a UE may drop one PDSCH if collision occurs.
Proposal 3: Whether to allow partial or full overlap between unicast PDSCHs or between cell-common PDSCHs needs further considerations.
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Figure 3. An example of (a) non-overlapped case and (b) overlapped case of two PDSCH bundles

4 Conclusion
In this contribution, we discussed about the detailed structure of PDSCH transmission for coverage limiting MTC UEs. Based on the discussion, we have some proposals as follows,
Proposal 1: Option2 or 3 is preferred for timing relationship between (E)PDCCH and PDSCH repetitions

Proposal 2: Available subframe for composition of a PDSCH/PUSCH bundle is to be discussed and determined.
Proposal 3: Whether to allow partial or full overlap between unicast PDSCHs or between cell-common PDSCHs needs further considerations.
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