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1 Introduction
In Rel-12, RAN1 had made some agreements and working assumptions on data channel and control channel in coverage enhanced mode. WID for Rel-13 MTC [1] says these can be taken as a starting point of Rel-13 study. In this document, we will continue the discussion on timing relation between data channel and associated control channel for MTC UEs.
2 Discussion
Starting subframe of (E)PDCCH

In enhanced coverage mode, UEs should combine the (E)PDCCH repetitions and decode it. It is necessary for UE to know the exact starting subframe of its (E)PDCCH candidate. In RAN1 #75 meeting, it was agreed:

“From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames.”
Repetition of (E)PDCCH with multiple levels is also supported. The subset of starting subframes needs to be designed carefully to avoid resource blocking among repetition levels which is illustrated in Fig.1. If one coverage enhanced (E)PDCCH with R2 repetitions are transmitted on the resource of 2nd (E)PDCCH repetition candidate, the resources of 1st and 2nd candidate with R3 repetitions are blocked as circled in red. This issue could be partially managed by eNB scheduling but increase the complexity of scheduler [2]. 
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Fig.1 Illustration of resource blocking among repetition levels in time domain
To avoid above blocking problem, the repetition numbers of the repetition levels can have common divisor, just like the tree-like structure where the search space design of different aggregation levels in legacy PDCCH. The tree-like structure can be used in the resource mapping among repetition levels in time domain which is shown in Fig.2. The starting subframes of different repetition levels are aligned and each repetition candidate of lower repetition level only block the resource of one repetition candidate of higher repetition levels. This decreases the resource blocking probability in time domain. 
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Fig.2 Illustration of resource blocking among repetition levels in time domain
Proposal 1: Tree-like structure among repetition levels is used to map (E)PDCCH repetitions in time domain.
In [3], we proposed system level repetition granularity N which is common for all the MTC UEs: 
· The actual repetition number is multiple of N, where N can be 4 or 8 for FDD,

· The repetitions start in the subframes satisfying mod([(SFN * 10) + subframe number] , N) = 0.

The part of the tree size could be aligned with 4 or 8 subframes i.e. repetition granularity. In [4], we proposed multiple subframe code spreading. The relation to the spreading function also needs to be taken into account. 
Timing relation between control and scheduled data channel
In RAN1 #75 meeting, it was agreed:

“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 other words, the second bullet means that (E)PDCCH and the scheduled PDSCH are transmitted in different sets of subframes.

Actually, within one (E)PDCCH repetition level, the number of repetitions can be dynamically changed according to the channel state, PSD boosting, scheduling situation, etc. If EPDCCH is used, PSD boosting can be utilized and the boosting rate is changed subframe by subframe due to scheduling situation. eNB may not know the required repetition number of EPDCCH to achieve the coverage before the EPDCCH repetitions ends. In another case, eNB estimates the channel state in error and more than required repetitions of (E)PDCCH are transmitted. MTC UEs can decode the control information successfully before all the repetitions are transmitted and exact repetition number is unaware. But the eNB cannot explicitly inform the MTC UE about neither the exact number of repetitions nor about the starting subframe of scheduled data channel by dynamic way according to the first bullet of the quoted agreement. These lead to misunderstanding of the starting subframe of scheduled PDSCH. To avoid the problem, we propose:
Proposal 2: The starting subframe of data channel should be independent of the repetition number of the associated control channel. 
Timing relation among HARQ processes
In coverage enhancement mode, if the number of repetitions of the control channel, the data channel and the HARQ-A/N feedback channels are different, there may be collision among HARQ processes. Take DL data transmission for example, as shown in Fig.3, there are PDSCH and A/N collisions among HARQ processes which are indicated in red circles. The collision of (E)PDCCH may happen when the repetition numbers are different values.
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Fig.3 Illustration of resource collision among HARQ processes
If (E)PDCCH collision happened, there may be more than one (E)PDCCHs for DL UE-specific data channel in one subframe. This will increase the scheduling complexity for eNB as for some aggregation levels (4, 8) there are only two available candidates in one control channel region. If PDSCH collision happened, there are two unicast PDSCHs for the same UE which is waste of control channel resource. For the case of two PUCCHs carrying two A/N sets for two PDSCHs for one UE in one subframe, it may increase UL PAPR. The problem may also occur in UL data transmission. 
Thus, the resource collision among HARQ processes should be paid attention and further study the impacts.

Proposal 3: The impact of resource collision among HARQ processes should be studied. 
3 Conclusion

This paper mainly discussed the timing relation of control channel and scheduled data channel. We have following proposals, 
Proposal 1: Tree-like structure among repetition levels is used to map (E)PDCCH repetitions in time domain.
Proposal 2: The starting subframe of data channel should be independent of the repetition number of the associated control channel.
Proposal 3: The impact of resource collision among HARQ processes should be studied.
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