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1 Introduction
One of the objectives of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.
The WID suggests that the coverage improvement for the physical data channels PDSCH and PUSCH should be realized through repetition/bundling and/or PSD boosting. In this contribution we discuss our view on how to achieve the repetition needed for coverage enhancement for PDSCH and PUSCH and how HARQ process mapping and control channel timing can be realized.

2 Discussion
HARQ retransmissions and TTI bundling could be helpful in enhancing coverage through repetitions. For PUSCH the currently supported maximum number of HARQ repetitions is 28 and the TTI bundle size is 4 subframes when TTI bundling is configured. Increasing these values may therefore be needed. For the TTI bundling size the current value is fixed to 4 subframes so not only might the maximal bundle size need to be increased but a variable bundle size selection have to be introduced. Further, TTI bundling is currently only available in uplink and should therefore also be introduced for downlink data transmissions. The maximum bundle size need to be derived, this should target a reasonable BLER with a non-trivial size to limit overhead from DCI and feedback as well as MAC and RLC. An estimate is that it should be in the order of a few hundred bits. 

Proposals:
· Introduce TTI bundling also for downlink
· Extend the possible TTI bundle sizes
· Maximum bundle size should target a few hundred bits at 15 dB coverage enhancement
· Up to [200] subframes for PUSCH
· Up to [50] subframes for PDSCH
·  Make the TTI bundle size configurable
2.1 Uplink transmissions
Different repetition levels may be required for uplink and downlink dependent on network deployment and UE capabilities (low cost UE or not). An uplink HARQ design should aim to have a unified design independent of (E)PDCCH repetition configuration. For uplink scheduling timing we today have a fixed delay from DCI reception to data transmission. With a fixed timing offset between DCI and data we get a problem of resource utilization unless the UL repetition factor is a multiple of the (E)PDCCH repetition factor. This since it is not always possible to schedule a new transmission directly following the ending transmission of a previous repetition. If the UL repetition factor is large compared to the downlink repetition this potential miss of uplink resources may be insignificant. This problem is avoided if the PUSCH repetition is a multiple of the (E)PDCCH repetition. An alternative would be to define a separate uplink grid where a PUSCH transmission can only start at fixed occasions, this way the timing offset between DCI and transmission is not kept, but continuous uplink transmission would always be possible. To keep commonality with Rel 12 TTI bundling keeping the offset between control and data is preserved, and instead limit the UL bundling to be a multiple of the (E)PDCCH bundling.

Proposals:
· Limit PUSCH repetition configurability to be a multiple of the (E)PDCCH repetition factor.
· PUSCH start time is in SF n+4 after the end of the DCI is received in SF n-k to n.
[image: image1.emf]0 10 20 30 40 50 60 70 80 90 100

0.5

1

1.5

PDCCH

0 10 20 30 40 50 60 70 80 90 100

0.5

1

1.5

PUSCH

 

 

HP 0

HP 1


Figure 1 Example mapping with 6 SF (E)PDCCH repetition and 20 ms PUSCH repletion with fixed uplink grid where grants are not given periodically
[image: image2.emf]0 10 20 30 40 50 60 70 80 90 100

0.5

1

1.5

PDCCH

0 10 20 30 40 50 60 70 80 90 100

0.5

1

1.5

PUSCH


Figure 2 Example mapping with 6 SF (E)PDCCH repetition and 20 ms PUSCH repletion with fixed timing offset where all uplink resources cannot be scheduled
Signaling of retransmission for a HARQ transmission can follow today’s procedure and have a PHICH resource in subframe n+4 after the last subframe n of a PUSCH transmission and a PDCCH scheduling opportunity timed based on the RTT. Alternatively the PHICH timing could also be based on the PDCCH timing. If bundling is needed for PHICH the motivation to use a separate timing for this is significantly smaller, since the resource is no longer “reserved” from the uplink transmission. If a PHICH like functionality is supported the used subframes may coincide with the PDCCH timing, instead of todays fixed offset. Further study is needed on how to identify PHICH resources if PHICH repetition is to be supported. 

The number of HARQ processes needed for uplink depend on the repetition needed on (E)PDCCH and PUSCH, but in most cases 2 processes seem to be sufficient since the repetition needed in uplink is expected to be large than the one needed in downlink.

2.2 Downlink transmission 
HARQ mapping for downlink transmissions are today based on an explicit notification in the DCI, enabling maximum flexibility and low latency. In order to lower the DCI size to limit repetition need of the DCI, synchronous HARQ with an implicit mapping as used today for uplink could be considered also for downlink. The HARQ process to apply for a PDSCH transmission, starting the subframe after the last (E)PDCCH subframe, could be derived from a modulus operation either from the (E)PDCCH start subframe or the PDSCH start subframe. An explicit HARQ process indication is of course also possible. 

Proposal:
· Consider introducing synchronous HARQ also on PDSCH.
If we assume a fixed period for the downlink control channel the same problem with subframe utilization arises also for downlink. It is hence also here beneficial if the repetition level on PDSCH is a integer multiple of the repetition level on (E)PDCCH. If multiple (E)PDCCH repetition levels are supported it is beneficial if they are multiples of each other. 

Proposal:

· Limit PDSCH repetition configurability to be a multiple of the (E)PDCCH repetition factor.
HARQ feedback timing is derived to allow sufficient time for decoding, and since it is not expected to be significantly higher complexity to decode in enhanced coverage mode than in normal coverage mode, the same timing as today can be kept.

Proposal:
· Keep same decoding delay between PDSCH reception and HARQ feedback transmission
How to map HARQ feedback needs to be derived since using today’s CCE-index based mapping may cause collisions due to difference in repetition levels between different users. This is a “problem” already today in HARQ-ACK repetition where this has been solved with a semi-static resource used for feedback repetitions, and a similar solution can be imagined also here, potentially with some explicit or implicit indication in the DCI. An implicit signaling would for example be to derive the resource from the PDSCH resource assignment.  
3 Conclusions

In this contribution we discuss our view on how to define HARQ timing and scheduling timing for PUSCH and PDSCH:
Proposals:
· Introduce TTI bundling also for downlink
· Extend the possible bundle sizes
· Maximum bundle size should target a few hundred bits at 15 dB coverage enhancement
· Up to [200] subframes for PUSCH
· Up to [50] subframes for PDSCH
·  Make the TTI bundle size configurable
· Limit PUSCH repetition configurability to be a multiple of the (E)PDCCH repetition factor.
· PUSCH start time is SF n+4 after the end of the DCI is received in SF n-k to n. 
· Consider introducing synchronous HARQ also on PDSCH.
· Limit PDSCH repetition configurability to be a multiple of the (E)PDCCH repetition factor.
· Keep same decoding delay between PDSCH reception and HARQ feedback transmission
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