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1 Introduction

This contribution discusses physical layer timing aspects for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs for MTC [1]. 
In 3GPP RAN1#82 meeting, the following has been agreed.

	Agreement:

· Timing relationships between M-PDCCH and PDSCH

· In FDD and HD-FDD with cross-subframe scheduling, the PDSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends, where k is defined by other agreements

· Timing relationships between M-PDCCH and PUSCH

· In FDD and HD-FDD, the PUSCH starts in subframe n+k, where n is the subframe where the repetitions of the decoded M-PDCCH message(s) ends

· FFS the value of k

· Timing relationships between PDSCH and PUCCH

· In FDD and HD-FDD, if PDSCH transmission ends in subframe n as indicated by the corresponding M-PDCCH, PUCCH carrying HARQ-ACK starts in subframe n+k

· FFS:  the value of k

· FFS: how to determine when PDSCH transmission ends for message 4

Working assumption:

1. Same-subframe scheduling for PDSCH (i.e., the one associated with an M-PDCCH in the same subframe) for LC-MTC UEs is NOT supported




Additionally, as shown in LS reply R4-155347 from RAN4, the following is agreed in RAN4.
	· The maximum retuning time between narrowband regions for MTC is 2 symbols including CP length (assuming normal CP)

· RAN4 requirements, if defined, will be based on the maximum retuning time mentioned above


2 Timing relationships for DL data transmission
An example of cross-subframe scheduling for a coverage enhanced DL HARQ transmission is shown in Figure 1 (the figure is somewhat simplified since frequency hopping is not taken into account in the figure). RAN1 has agreed that cross-subframe scheduling will be used in enhanced coverage, where the physical downlink control channel and its associated data transmission are transmitted in different subframes.
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Figure 1: Example of coverage enhanced DL HARQ process in FDD
In RAN1#81, a working assumption was made with regard to two Cases:
	· 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 

· 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)

· This overrides the previous agreement on the previous slide.


Case 1

Since the maximum retuning time is 2 OFDM symbols, k=2 should be used for Case 1, which leaves one subframe between the end of M-PDCCH and the start of PDSCH. Duration of 1 subframe (1 ms) is sufficient for decoding M-PDCCH and the subsequent retuning.
Case 2

Since Same-subframe scheduling for PDSCH for LC-MTC UEs is NOT supported, Case 2 is then only applicable to PDSCH being scheduled in a known (when frequency hopping is used) narrowband.
Case 2 has the benefit of leaving no space between M-PDCCH and the corresponding PDSCH. However, it is a separate timing relationship in addition to Case 1. Having to handle two different sets of timing relationship is a unnecessary complication to the system design. Thus it is preferable that only one Case is supported for LC/CE UE. Hence Case 2 should not be supported.
Proposals:

1. For Rel-13 low complexity UEs in normal and enhanced coverage, if subframe n is the last subframe for M-PDCCH repetition, then the corresponding PDSCH starts at subframe (n + 2).

· That is, Case 1 with k=2.

2. A scenario with different k value is not supported, where the UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband. That is,
· Case 2 is not supported.
3 Timing relationships for UL data transmission

An example of a coverage enhanced UL HARQ transmission is shown in Figure 2 (the figure is somewhat simplified since frequency hopping is not taken into account in the figure).
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Figure 2: Example of coverage enhanced UL HARQ process in FDD
Similarly to legacy operation, the start of the PUSCH transmission can be transmitted 4 subframes after the end of the associated UL grant transmission on M-PDCCH.  That is, for FDD, if the M-PDCCH repetitions for an UL grant ends in subframe n, the associated PUSCH data transmission starts in subframe n+4. For TDD, similarly, legacy timing offset between the end of M-PDCCH and the beginning of PUSCH is followed.

Proposals:

2. For both FDD and TDD, follow legacy time offset between the end of M-PDCCH and the beginning of the associated PUSCH.
4 Timing relationships for HARQ-ACK transmission

For PDSCH, there is a corresponding PUCCH carrying HARQ-ACK in response. For PUSCH, there is a corresponding M-PDCCH carrying HARQ-ACK in response. For both FDD and TDD, in principle, legacy timing for HARQ-ACK transmission should be reused. 

One concern is that for LC/CE UE with repetition, the starting subframe of M-PDCCH is limited to certain subframe indices known to the UE. The UE may not monitor M-PDCCH starting at every subframe. In this case, the M-PDCCH carrying HARQ-ACK is sent starting at the earliest subframe >= (n+k), where the subframe is a possible starting subframe of M-PDCCH.
Proposals:

3. For both FDD and TDD, follow legacy time offset between the end of PDSCH and the beginning of corresponding PUCCH HARQ-ACK.
4. For both FDD and TDD, if subframe n is the last subframe for PUSCH repetition, then the corresponding M-PDCCH carrying HARQ-ACK starts at subframe (n + k), where k follows the legacy timing offset.
· If UE does not monitor M-PDCCH starting at every DL subframe, the M-PDCCH carrying HARQ-ACK is sent starting at the earliest subframe >= (n+k), where the subframe is a possible starting subframe of M-PDCCH.
5 Unavailable DL Subframes

How to handle unavailable DL subframes has been discussed in RAN1. So far, it is not clear what the UE behavior should be when there is measurement gap. 
For subframes used for measurement gap, the legacy UE behavior is maintaining timing relationship between channels regardless of measurement gap. The same should be kept for LC/CE UEs. That is, the UE should drop the colliding DL transmission colliding with a measurement gap. 

It is noted that RAN2 and RAN4 should review the configuration of existing measurement gap definition. New measurement gap configurations may be necessary due to the reduced UE bandwidth.

Proposals:

5. Drop the repetition of a DL transmission that collides with a measurement gap.
6 Conclusions

This contribution discusses physical layer timing aspects for LC/CE UEs.

Proposals on timing relationships for DL data transmission:
1. For Rel-13 low complexity UEs in normal and enhanced coverage, if subframe n is the last subframe for M-PDCCH repetition, then the corresponding PDSCH starts at subframe (n + 2).

· That is, Case 1 with k=2.


2. A scenario with different k value is not supported, where the UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband. That is,

· Case 2 is not supported.

Proposals on timing relationships for UL data transmission:

3. For both FDD and TDD, follow legacy time offset between the end of M-PDCCH and the beginning of the associated PUSCH.

Proposals on timing relationships for HARQ-ACK transmission:

4. For both FDD and TDD, follow legacy time offset between the end of PDSCH and the beginning of corresponding PUCCH HARQ-ACK.

5. For both FDD and TDD, if subframe n is the last subframe for PUSCH repetition, then the corresponding M-PDCCH carrying HARQ-ACK starts at subframe (n + k), where k follows the legacy timing offset.

6. If UE does not monitor M-PDCCH starting at every DL subframe, the M-PDCCH carrying HARQ-ACK is sent starting at the earliest subframe >= (n+k), where the subframe is a possible starting subframe of M-PDCCH.
Proposals on subframes unavailable for repetition:

7. Drop the repetition of a DL transmission that collides with a measurement gap.
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