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1 Introduction

In RAN1 #81 meeting, timing relationship between M-PDCCH and PDSCH was agreed as below [1]:
· For Rel-13 MTC UEs in enhanced coverage, if subframe n is the last M-PDCCH for MTC repetition then PDSCH start n + k (k > 0)

· Value of k in Case 1 is: 

· k>=2 

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

· Company should investigate impact on UE complexity of M-PDCCH decoding.

· When k > 2, RTT may need to be modified. 

· Value of k in Case 2 is: 
· k=1 

· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD) 

Besides, the following Working assumption was made in RAN1 81 meeting [2]:
· The UE assumes that at least the following subframes would not be used for at least unicast M-PDCCH/PDSCH repetition

· FFS regarding MBSFN subframe(s)

· Special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP)

· Special subframe configuration is signaled by MTC SIB-1

· FFS uplink subframes in TDD 

· FFS on subframe(s) assumed to be used for frequency retuning when frequency hopping occurs in every Y subframes

· FFS on subframe(s) configured for a measurement gap

· FFS on other cases

Considering that MBSFN subframes may have impact on downlink timing relationship, analysis on MBSFN subframes are discussed in this contribution.
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. UE Power consumption may be increased due to prolonged time in connection state. In order for reducing the delay and power consumption, 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 with fixed value k was approved for PDSCH transmission for normal and enhanced coverage in previous RAN1 meetings. Since 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.
Considering that an MBSFN subframe may be available or unavailable subframe according to the specific configuration, if the fixed value of k is interpreted from the perspective of physical subframes, the actual k value would be different for different cases. Therefore the fixed value of k should be interpreted as available subframes.
Proposal 1: MBSFN subframes which are not used for PMCH transmission should be used for Rel-13 low complexity UEs and MTC UEs in enhanced coverage.
· The single fixed value of k should be interpreted as the available subframes not physical subframes.
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. MBSFN subframes not used for PMCH transmission and special subframes with special subframe configuration other than 0 and 5 can be used as available subframes for repetition. 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. Then subframes for PMCH transmission can be skipped during repetition of downlink channels.  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: 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.
Cross-subframe scheduling of unicast is approved for Rel-13 low complexity UEs in normal coverage. Considering a unified design, cross-subframe scheduling of Paging messages should also be supported in normal coverage. In addition, if cross-subframe scheduling is used for Paging transmission, subframes set of M-PDCCH scheduling Paging and subframes set of PDSCH 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:
  Option 1: Both M-PDCCH and PDSCH are restricted in limited subframes set or its subset.
  Option 2: Only M-PDCCH scheduling Paging is restricted in limited subframes set or its subset.
  Option 3: Only PDSCH carrying Paging messages is restricted in limited subframes set or its subset.
Considering that UEs in IDLE mode may need to receive Paging messages before receiving SIB information, option 1 is preferable. Both Option 2 and 3 may cause scheduling limitation. For example, if k = 2 and FDD, M-PDCCH is transmitted in limited subframes set {0, 4, 5, 9} for Option 2, Paging messages would be transmitted in subframes set {1, 2, 6, 7} which may include unavailable subframes; For Option 3, Paging messages are transmitted in limited subframes set {0, 4, 5, 9}, the M-PDCCH scheduling the Paging messages is located in subframes set {2, 3, 7, 8} which may include unavailable subframe.
Since UEs in IDLE mode may not receive MTC SIBs that indicates available MBSFN subframes set, subframes set for transmission of Paging messages and M-PDCCH scheduling Paging messages should be restricted in limited subframes set of {0 4 5 9} for FDD and limited subframes set of {0 1 5 6} for TDD for normal and enhanced coverage.
Proposal 3: Cross-subframe scheduling of Paging messages is supported.
· Subframes for transmission of Paging messages and M-PDCCH scheduling Paging messages should be restricted in the limited subframes set for normal and enhanced coverage.
For case 1, value of k is k>=2. If k is interpreted as physical subframe and fixed as 4, M-PDCCH would be located in limited subframes set {0, 5} for FDD and {1, 6} for TDD. If k is interpreted as physical subframe and fixed as 5, M-PDCCH would be located in limited subframes set {0, 4} for FDD and {0, 1} for TDD. For case 2, k=1 and M-PDCCH would be located in limited subframes set {4, 9} for FDD and {0, 5}. As a result, subframes set for Paging transmission would be a subset of limited subframes set with single fixed k value. Or using limited subframes set for Paging transmission with different fixed k value determined by physical subframe index of M-PDCCH.
For Paging transmission, if k is interpreted as physical subframe, larger k may be required compared with unicast. In order to use unified fixed k value, value of k should be interpreted as the available subframes for Paging message.
Proposal 4: For cross-subframe scheduling of Paging message, value of k should be interpreted as the available subframes. 
· The available subframes is {0 4 5 9} for FDD and {0 1 5 6} for TDD. 
3 Conclusions
In this contribution, MBSFN subframe impact on timing relationship are discussed for Rel-13 low complexity UEs and MTC UEs in enhanced coverage. We make the following proposals:
Proposal 1: MBSFN subframes which are not used for PMCH transmission should be used for Rel-13 low complexity UEs and MTC UEs in enhanced coverage.
· The single fixed value of k should be interpreted as the available subframes instead of physical subframes.
Proposal 2: 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 3: Cross-subframe scheduling of Paging messages is supported.
· Subframes set for transmission of Paging messages and M-PDCCH scheduling Paging messages should be restricted in limited subframe set for normal and enhanced coverage.
Proposal 4: For cross-subframe of Paging message, value of k should be interpreted as the available subframes. 
· The available subframes is {0 4 5 9} for FDD and {0 1 5 6} for TDD.
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