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1 Introduction
The following agreements on DL and UL scheduling timing for Rel-13 MTC UEs are agreed:

· For Rel-13 low complexity MTC UEs:

· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported for normal coverage

· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage

· For UE-specific search space, from the UE perspective, the possible starting sub-frames of physical downlink control channel for MTC repetitions are limited to a subset of subframes.

· If/When PDSCH is indicated via physical downlink control channel for MTC:
· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.
· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).
· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

· FFS: Which Option to select may depend on amount of required coverage enhancement

· It means one or two option(s) in total
· 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

· For a Rel-13 low complexity UE not operating coverage enhancements:
· Multiplexing of ‘Physical downlink control channel for MTC’ and un-associated PDSCH in the same subframe to the same UE is supported.

· When the UE is not required to retune to other narrowband region due to monitoring of PSS/SSS, PBCH, SIB, paging occasion, etc.,

· In FD-FDD, the UE can receive PDSCH and transmit PUSCH in every subframe.

· In TDD, the UE can either receive PDSCH or transmit PUSCH in every subframe.

· In HD-FDD, the UE can either receive PDSCH or transmit PUSCH in most subframes (i.e. more than half of the subframes).

Confirm the following revised working assumption at RAN1#80bis meeting 

Working assumption:

· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling, 

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs 

· CSI measurements can be restricted to a subset of the available  narrow-bands 

· FFS: details

· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband 

· This doesn’t preclude predefined frequency hopping 
Override a previous agreement in RAN1 #80bis with the following: 
· 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 (R1-153082).

· 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) 

In this contribution, we discuss a few remaining issue for DL/UL unicast scheduling timing.
2 Rel-13 MTC UEs not in coverage enhanced mode
2.1 With cross subframe scheduling
It has been agreed that cross subframe scheduling is supported for Rel-13 MTC UEs not in coverage enhanced mode. Furthermore, it has been agreed that a Rel-13 MTC UE not in coverage enhanced mode shall be able to receive and transmit data in all subframes for FD-FDD, receive or transmit data in all subframes for TDD, and receive or transmit data in most subframes for HD-FDD. Therefore, it can be directly derived from the existing agreements that Case 2 UE can assume PDSCH is scheduled in the same narrow band as M-PDCCH is supported.
Proposal 1: It is supported for Rel-13 MTC UEs not in coverage enhanced mode that UE can assume PDSCH is scheduled in the same narrow band as M-PDCCH. 

For FD-FDD and PDSCH, it is straightforward that with cross subframe scheduling, an M-PDCCH in subframe n can schedule a PDSCH in subframe n+1 in the same narrowband. In order to have sufficient time for the UE to process the PDSCH decoding and prepare the HARQ-ACK transmission, the HARQ-ACK is transmitted in subframe n+5.
For FD-FDD and PUSCH, the existing HARQ timing can be reused, i.e. an UL grant transmitted in subframe n schedules a PUSCH in subframe n+4, and the corresponding retransmission occurs in subframe n+8. In order to comply with the agreement that PUSCH can be transmitted in all subframes, the UE may assume that the narrow band for PUSCH transmission does not change across subframe.
For TDD and PDSCH, it is not possible to always have k=1 with cross subframe scheduling, since the subframe n+1 might be an UL subframe, depending on the UL/DL configuration and the subframe n containing the M-PDCCH DL grant. Hence, in order to comply with the agreement that PDSCH can be received all DL subframes for TDD, the value of k must be dependent on the UL/DL configuration as well as the subframe index n. A general rule can be that for TDD, the DL grant in subframe n schedules PDSCH in the first DL or special subframe of n+k. The timing between the PDSCH and the corresponding HARQ-ACK can follow the existing TDD HARQ timing.
For TDD and PUSCH, the existing HARQ timing can be reused, following the UL HARQ timing of the corresponding UL/DL configuration. In order to comply with the agreement that a TDD UL can transmit or receive in all subframes, the narrow band for PUSCH transmission shall be the same as that for M-PDCCH and PDSCH. 
For HD-FDD, it is preferable that the same DL and UL HARQ timing of the FD-FDD is used.

Proposal 2: When a Rel-13 MTC UE not in coverage enhancement mode assumes that PDSCH is transmitted in the same narrow band as that of the M-PDCCH and cross subframe scheduling, 

· a DL grant in subframe n schedules PDSCH in the first DL or special subframe of n+k, where k≥1, and the timing between the PDSCH and corresponding HARQ-ACK follows the existing timing.
· the UL scheduling and HARQ timing follows the existing UL scheduling timing for FDD and TDD respectively.
2.2 Same subframe scheduling
It has not been explicitly agree that whether same subframe scheduling (only applicable for PDSCH) is supported for Rel-13 MTC UEs not in coverage enhancement mode. It is noted that same subframe subframe has been adopted since Rel-8. For Rel-13 UEs not in coverage enhancement mode, same subframe scheduling is beneficial in terms of UE power consumption, since the Rel-13 MTC UE can complete the reception of DL and data within the same subframe. As UE power consumption is one of the important design targets for Rel-13 MTC UEs, it is beneficial to support same carrier scheduling. In addition, it shall be noted that the existing DL and UL HARQ timing can be reused for Rel-13 MTC UEs not in coverage enhancement mode and same subframe scheduling, which simplifies the eNB scheduler if the PRBs the narrow band shall be reused for legacy UEs. To some extent, same subframe scheduling is preferable to cross subframe scheduling, for Rel-13 MTC UEs not in coverage enhancement mode. 
Proposal 3: When a Rel-13 MTC UE not in coverage enhancement mode assumes that PDSCH is transmitted in the same narrow band as that of the M-PDCCH, same subframe scheduling is supported for the UE and the existing DL and UL scheduling/HARQ timing is reused.  
3 Rel-13 UEs in coverage enhancement mode
For Rel-13 UEs in coverage enhancement mode, it is preferable that the DL grant or UL grant occupies the whole 6 PRBs such that the UE can receive the control information quickly, which reduces the UE power consumption. Therefore, cross subframe scheduling is necessary for Rel-13 UEs in coverage enhancement mode. It is possible that the scheduled PDSCH is either in the same or a different narrow band compared to that of the M-PDCCH. If the narrow band for PDSCH and M-PDCCH is the same, no retuning time is needed. However, with the agreement that the narrow bands for PDSCH can be indicated in the M-PDCCH, it is beneficial to have a unified design, i.e. always assume some retuning time is needed. 

For the DL, the DL scheduling timing can be that the last subframe n containing the DL grant schedules PDSCH in subframe n+k, where subframe n+k is the first DL or special subframe and k≥2. The timing between the last subframe used for PDSCH transmission and the first subframe containing the corresponding HARQ-ACK follows the existing HARQ timing.
For the UL, the UL scheduling timing can be that the last subframe n containing the UL grant schedule PUSCH in subframe n+k, wherein the value k follows the existing FDD or TDD UL HARQ timing. In addition, the timing between the last subframe of the PUSCH transmission and the first subframe for the UL grant/PHICH transmission of the same UL HARQ process follows that of the existing FDD or TDD UL HARQ timing.

Proposal 4: For a Rel-13 UE in coverage enhancement mode:

·  the last subframe n containing the DL grant schedules PDSCH in subframe n+k, where subframe n+k is the first DL or special subframe and k≥2, and the timing between the last subframe used for PDSCH transmission and the first subframe containing the corresponding HARQ-ACK follows the existing HARQ timing;
· the timing between the last subframe containing an UL grant and the first subframe of the PUSCH transmission, as well as the timing between the last subframe of the PUSCH transmission and the first subframe for the UL grant/PHICH transmission of the same UL HARQ process follows that of the existing FDD or TDD UL HARQ.
4 Conclusions
In this contribution, we discuss the DL and UL HARQ timing for Rel-13 MTC UEs not in coverage enhancement mode and Rel-13 UEs in coverage enhancement mode. The following proposals are made:
Proposal 1: It is supported for Rel-13 MTC UEs not in coverage enhanced mode that UE can assume PDSCH is scheduled in the same narrow band as M-PDCCH. 

Proposal 2: When a Rel-13 MTC UE not in coverage enhancement mode assumes that PDSCH is transmitted in the same narrow band as that of the M-PDCCH and cross subframe scheduling, 

· a DL grant in subframe n schedules PDSCH in the first DL or special subframe of n+k, where k≥1, and the timing between the PDSCH and corresponding HARQ-ACK follows the existing timing.

· the UL scheduling and HARQ timing follows the existing UL scheduling timing for FDD and TDD respectively.

Proposal 3: When a Rel-13 MTC UE not in coverage enhancement mode assumes that PDSCH is transmitted in the same narrow band as that of the M-PDCCH, same subframe scheduling is supported for the UE and the existing DL and UL scheduling/HARQ timing is reused.  
Proposal 4: For a Rel-13 UE in coverage enhancement mode:

· the last subframe n containing the DL grant schedules PDSCH in subframe n+k, where subframe n+k is the first DL or special subframe and k≥2, and the timing between the last subframe used for PDSCH transmission and the first subframe containing the corresponding HARQ-ACK follows the existing HARQ timing;

· the timing between the last subframe containing an UL grant and the first subframe of the PUSCH transmission, as well as the timing between the last subframe of the PUSCH transmission and the first subframe for the UL grant/PHICH transmission of the same UL HARQ process follows that of the existing FDD or TDD UL HARQ.
