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1 Introduction
RAN#65 approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1].
We outlined our initial thoughts on the design of physical data channels and associated physical control channels in contribution [2] and here we provide some further discussion on the timing relationships between different physical channels for reduced bandwidth and/or enhanced coverage UEs. As described in the WID [1], half duplex operation is particularly beneficial from device complexity and power consumption point of view. Thus this contribution focuses on HD-FDD and FDD unicast operation.
2 Configuration of repetition
For data transmission to and from enhanced coverage UEs, PDSCH and PUSCH need to be repeated in time across subframes. This means bundling multiple PDSCH/PUSCH transmissions in adjacent subframes. To accommodate both normal coverage and enhanced coverage UEs as well as variation in propagation conditions, there is a need to support multiple repetition levels for PDSCH and PUSCH. 
For unicast traffic, the number of repetition levels ought to be UE-specific and adapted to the propagation conditions the UE experiences. Thus the repetition level should be configured by the eNB once the UE becomes connected. Before the repetition level is configured, a predefined, default number of repetitions is used to receive the UE-specific RRC signaling via EPDCCH and PDSCH. To reduce the blind decoding load, it is necessary that the possible starting sub-frames of EPDCCH repetitions are limited to a subset of sub-frames.
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Figure 1: Illustration of EPDCCH and PDSCH/PUSCH transmission.
Proposals:

· Repetition or subframe bundling is supported for EPDCCH, PDSCH, PUSCH, and PUCCH.
· At least for unicast, multiple repetition levels in time are supported for EPDCCH, PDSCH, PUSCH, and PUCCH.
· At least for unicast, the repetition levels of PDSCH, PUSCH, and PUCCH are each configurable by eNB in UE-specific RRC signalling.
· From the UE perspective, the possible starting sub-frames of EPDCCH repetitions are limited to a subset of sub-frames.
3 Guard times

For Rel-13 reduced bandwidth and/or enhanced coverage UEs in half-duplex FDD (HD-FDD) operation, similarly as for Rel-12 Category-0 UEs, a guard subframe is inserted for Rx-to-Tx switching before the UL subframe transmission, and a guard subframe is also inserted for Tx-to-Rx switching after the UL subframe.
For FDD and TDD, guard time is also needed for the UE to move from one set of 6 PRBs to another set of 6 PRBs, whenever the UE needs to change the operating frequency.
While the amount of guard time to allocate is to be determined by RAN4, both types of guard time need to be taken into account in RAN1 design.

4 Timing relationships

The scheduling flexibility and throughput of a reduced bandwidth UE will benefit from being able to receive EPDCCH and PDSCH sequentially. In enhanced coverage, one practical solution is that all EPDCCH subframes are transmitted before all PDSCH subframes, i.e. a form of cross-subframe scheduling, as depicted in Figure 1. As stated in the WID, the work with the physical layer control signalling (e.g. EPDCCH) should aim for a high level of commonality between the solutions for the new low complexity UEs and the solutions for coverage enhanced UEs.

In Rel-12, the scheduling and HARQ-ACK response timing of Category-0 UEs are the same as Category-1 UEs. That is, the UL-to-DL or DL-to-UL turn-around time is kept as 4 subframes. For Rel-13 reduced bandwidth and/or enhanced coverage UEs, the timing can be relaxed. Considering the need to insert a guard subframe for Tx-to-Rx and Rx-to-Tx transition for half-duplex FDD operation, one option is to relax the scheduling and HARQ-ACK timing by at least 1 subframe. Thus:
· The start of uplink PUCCH carrying HARQ-ACK is subframe n+k, k≥5, where subframe n is the last subframe containing the associated PDSCH that requires HARQ-ACK.

· The start of the downlink control channel carrying HARQ-ACK is subframe n+k, k≥5, where subframe n is the last subframe containing the associated PUSCH that requires HARQ-ACK. Here the HARQ-ACK response can be carried by EPDCCH since PHICH is no longer applicable.
· The start of a PDSCH retransmission is subframe n+k, k≥5, where subframe n is the last subframe containing the PUCCH carrying the associated HARQ-ACK.

· The start of a PUSCH retransmission is subframe n+k, k≥5, where subframe n is the last subframe containing the downlink control channel carrying the associated HARQ-ACK.

· The start of PUSCH is subframe n+k, k≥5, where subframe n is the last subframe containing the associated EPDCCH that schedules the PUSCH.

For scheduling of at least unicast PDSCH, the start of PDSCH follows the end of the associated EPDCCH. That is, the start of a PDSCH is subframe n+k, k≥0, where subframe n is the last subframe containing the associated EPDCCH that schedules the PDSCH.
Proposals:

· HARQ-ACK transmission starts at least 5 subframes later than the corresponding PDSCH/PUSCH.
· PDSCH/PUSCH re-transmission starts at least 5 subframes later than the corresponding HARQ-ACK.
· The start of PUSCH is subframe n+k, k≥5, where subframe n is the last subframe containing the associated EPDCCH that schedules the PUSCH.
· The start of a PDSCH is subframe n+ k, k≥0, where subframe n is the last subframe containing the associated EPDCCH that schedules the PDSCH.

5 Number of HARQ processes

Assuming the scheduling and HARQ-ACK timing is 5 subframes, the maximum number of HARQ processes possible, as a function of repetition level, are drawn in Figure 2 to Figure 5 for HD-FDD operation. The repetition level in time ranges from 1 repetition to 4 repetitions. 
In Figure 2 to Figure 5, PUSCH transmission scheduled by EPDCCH is assumed. For PDSCH, the repetition level of PDSCH and EPDCCH is reduced for enhanced coverage UEs, since the repetition of PDSCH does not start until EPDCCH has ended. For example, if Figure 5 is interpreted for PDSCH transmission, then both EPDCCH repetition and PDSCH repetition are contained within subframe 1-4, with subframes 9-12 for the corresponding HARQ-ACK transmission.
As illustrated, for HD-FDD the maximum number of HARQ processes possible is 1 when the repetition level is 4 or more. For full-duplex FDD, the maximum of HARQ processes is also reduced when repetition in time is necessary for EPDCCH/PUSCH/PDSCH.

Thus the max number of HARQ processes for Rel-13 enhanced coverage UEs should be reduced compared to Cateogry-0 UEs.
Proposal:

· The max number of HARQ processes for Rel-13 enhanced coverage UEs is reduced compared to Category-0 UEs.
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Figure 2: Max #HARQ process = 4 when one repetition in time.
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Figure 3: Max #HARQ process = 2 when two repetitions in time.
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Figure 4: Max #HARQ process = 2 when three repetitions in time.
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Figure 5: Max #HARQ process = 1 when four or more repetitions in time.
6 Conclusions

In this contribution we discussed the physical channel timing relationships for Rel-13 reduced bandwidth and/or enhanced coverage UEs. Based on the discussion, we have the following proposals. 
Proposals:

1. Repetition or subframe bundling is supported for EPDCCH, PDSCH, PUSCH, and PUCCH.
2. At least for unicast, multiple repetition levels in time are supported for EPDCCH, PDSCH, PUSCH, and PUCCH.
3. At least for unicast, the repetition levels of PDSCH, PUSCH, and PUCCH are each configurable by eNB in UE-specific RRC signalling.
4. From the UE perspective, the possible starting sub-frames of EPDCCH repetitions are limited to a subset of sub-frames.

5. HARQ-ACK transmission starts at least 5 subframes later than the corresponding PDSCH/PUSCH.
6. PDSCH/PUSCH re-transmission starts at least 5 subframes later than the corresponding HARQ-ACK.
7. The start of PUSCH is subframe n+k, k≥5, where subframe n is the last subframe containing the associated EPDCCH that schedules the PUSCH.

8. The start of a PDSCH is subframe n+ k, k≥0, where subframe n is the last subframe containing the associated EPDCCH that schedules the PDSCH.

9. The max number of HARQ processes for Rel-13 enhanced coverage UEs is reduced compared to Category-0 UEs.
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