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1 Introduction

In RAN1 #80bis meeting, agreements on downlink control channel were listed below [1]:
· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:

· Option 1: k is fixed

· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH

· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)

· Option 2: k is variable

· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used

· FFS: Which Option to select may depend on amount of required coverage enhancement
Considerations on downlink and uplink timing relationship for Rel-13 low complexity UEs and MTC UEs in enhanced coverage are discussed in this contribution. Note that M-PDCCH, EPDCCH and physical downlink control channel for MTC have the same meaning and M-PDCCH is used in this contribution. 

Considering that MBSFN subframes may have impact on downlink timing relationship, analysis on MBSFN subframes are discussed before timing relationship.
2 Analysis on MBSFN subframes
In LTE/LTE-A system, MBSFN subframe can be used for unicast and multicast/broadcast transmission. Legacy UEs could receive unicast traffic in MBSFN subframe through blind detection of PDCCH. Rel-13 low complexity UEs and MTC UEs in enhanced coverage cannot know whether a MBSFN can be used for unicast traffic without decoding PDCCH. If only non-MBSFN subframes can be used for Rel-13 low complexity UEs and MTC UEs in enhanced coverage, much longer repetition delay would be expected. In order for reducing the delay, MBSFN subframes which are not used for PMCH transmission should be used for Rel-13 low complexity UEs and MTC UEs in enhanced coverage. Cross-subframe scheduling was approved for unicast PDSCH transmission for normal coverage in RAN1 #80 meeting. And in RAN1 #80bis, it was agreed when not operating coverage enhancement, fixed value k is used when cross-subframe scheduling is used. Value of k can be fixed or variable when operating coverage enhancement. 
If k is variable, the starting subframe of PDSCH can easily avoid subframe for PMCH transmission. Since 4 subframes of one radio frame are definitely non-MBSFN subframes, the maximum number of unavailable subframes for PDSCH start between two non-MBSFN subframes is 3. The variable k may be in the set of [1, 2, 3, 4]. If more flexible scheduling is considered, there would more possible k values. 

If k is fixed, it may need to address the issue that subframe n+k is an unavailable subframe. For example, if subframe n+k is an MBSFN subframe with PMCH transmission, PDSCH can be transmitted in the first available subframe next to the subframe n+k. In this case, the UE should know the available or PMCH subframe set. Available MBSFN subframes set or subframes set for PMCH transmission can be indicated to MTC UEs by MTC SIB message.
When repetitions of downlink channels are applied for Rel-13 low complexity UEs in enhanced coverage, handling of MBSFN subframes should also be considered when determining the subframes for repetition. Available MBSFN subframes set or subframes set for PMCH transmission can be indicated to UEs in enhanced coverage by MTC SIB message. Then subframes for PMCH transmission can be skipped during repetition of downlink channels.

Above all, variable k value can only solve the problem that the starting subframe of PDSCH is not an unavailable subframe. As a unified solution, available MBSFN subframes set or subframes set for PMCH transmission can be indicated to Rel-13 low complexity UEs and MTC UEs in enhanced coverage by MTC SIB message. Meanwhile, fixed k value is also a simple way to determine the starting subframe of PDSCH.
Proposal 1: Available MBSFN subframes set or subframes set for PMCH transmission are indicated to Rel-13 low complexity UEs and MTC UEs in enhanced coverage by MTC SIB message.

In addition, if cross-subframe scheduling is used for Paging transmission, subframes set of M-PDCCH for scheduling Paging and subframes set of PDSCH for carrying Paging messages should be considered. Paging subframes set of legacy UEs is limited in {0 4 5 9} for FDD and {0 1 5 6} for TDD. Cross-subframe scheduling of Paging transmission may need to satisfy one of the following restrictions:

  (1). Both M-PDCCH and PDSCH are restricted in limited subframes set or its subset.

  (2). Only M-PDCCH for scheduling Paging is restricted in limited subframes set or its subset.

  (3). Only PDSCH carrying Paging messages is restricted in limited subframes set or its subset.

In enhanced coverage, besides the timing relationship between the starting subframe of PDSCH and the ending subframe of M-PDCCH, the eNB and UEs should have the same understanding of the subframes for M-PDCCH repetitions and PDSCH repetitions. If MBSFN subframes can be used for PDSCH repetition, it needs further study if transmission modes of other non-MBSFN subframes are required to be restricted to DMRS based in the same repetition cycle.  

Proposal 2: MBSFN subframe’s impact on cross-subframe scheduling of Paging and transmission modes for repetitions need further study.
3 Value k of DL/UL timing
3.1 The relation of PDSCH timing to M-PDCCH

In RAN1 #80bis meeting, two options were discussed on PDSCH timing relationship to M-PDCCH and option selection maybe depend on different coverage enhancement levels and impact of MBSFN subframes. 

As analyzed in section 2, fixed “k” value should be used when available MBSFN subframes set or subframes set for PMCH transmission are indicated to Rel-13 low complexity UEs and MTC UEs in enhanced coverage by MTC SIB message.

Even for maximum coverage enhancement level, the corresponding “k” value will not be very large on consideration of processing time. Variable “k” values will bring more standardization work and increase implementation complexity, which is not helpful for cost reduction. Regardless of M-PDCCH repetition times, the processing time would be enough for cumulative combining reception when k=1.Considering specification impact and common design, fixed “k” value is more preferable. The interval value k should be fixed in the specification. 
Proposal 3: Time offset value ‘k’ is fixed in specification, and the same “k” value is used for different coverage enhancement levels of PDSCH timing to M-PDCCH timing.
3.2 The relation of PUSCH timing to M-PDCCH
In legacy FDD system, the starting sub-frame of transmission of PUSCH would be the 4th sub-frame after the M-PDCCH transmission. Under the coverage enhancement scenario, even if the number of maximum blind detection for M-PDCCH repetition is larger, 4 sub-frames are enough for M-PDCCH repetition processing. Relation of PUSCH timing to M-PDCCH timing should maintain the existing 4 sub-frames timing.

Proposal 4: Relation of PUSCH timing to M-PDCCH timing should maintain the existing 4 sub-frames timing.
4 UL HARQ
If the functionality of physical layer HARQ is removed, RLC layer ARQ mechanism may be used to ensure transmission quality. But RLC layer ARQ is inefficient for packet retransmission. PHICH is used to convey HARQ-ACK for PUSCH transmission for legacy UEs. The functionality of PHICH can be replaced by M-PDCCH for Rel-13 low complexity UEs and UEs in enhanced coverage. For low complexity UEs without coverage enhancement, using UL grant in M-PDCCH to replace functionality of PHICH seem available and overhead is not significant. For UEs in enhanced coverage, it could be implemented by UL Grant in M-PDCCH with HARQ processes introduced, then asynchronous uplink HARQ (similar to downlink) would be a better choice for PUSCH and corresponding HARQ-ACK transmission. Considering the overhead of replacing functionality of PHICH by M-PDCCH may be large, a compact DCI format can be considered. 
Proposal 5: UL HARQ mechanism should be reserved for coverage enhanced MTC UEs, and functionality of PHICH can be replaced by M-PDCCH.
5 Conclusions
In this contribution, further considerations on timing relationship of physical channels are discussed for Rel-13 low complexity UEs and MTC UEs in enhanced coverage. We make the following observations and proposals:
Proposal 1: Available MBSFN subframes set or subframes set for PMCH transmission are indicated to Rel-13 low complexity UEs and MTC UEs in enhanced coverage by MTC SIB message.

Proposal 2: MBSFN subframe’s impact on cross-subframe scheduling of Paging and transmission modes for repetitions need further study.

Proposal 3: Time offset value ‘k’ is fixed in specification, and the same “k” value is used for different coverage enhancement levels of PDSCH timing to M-PDCCH timing. 

Proposal 4: Relation of PUSCH timing to M-PDCCH timing should maintain the existing 4 sub-frames timing.
Proposal 5: UL HARQ mechanism should be reserved for coverage enhanced MTC UEs, and functionality of PHICH can be replaced by M-PDCCH.
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