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1 Introduction

This contribution discusses the HARQ timing and related aspects for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs for MTC [1].
We have submitted a related RAN2 contribution in R2-152651 which complements this contribution.
2 Cross-subframe and same-subframe scheduling

Examples of coverage enhanced HARQ processes are shown in Figure 1 and Figure 2 (the figures are somewhat simplified since frequency hopping is not taken into account in the figures). 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 downlink HARQ process
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Figure 2: Example of coverage enhanced uplink HARQ process
It has not yet been agreed whether LC UEs will support same-subframe scheduling in normal coverage or whether they will always be using cross-subframe scheduling.
· On one hand the possibility to choose between same-subframe and cross-subframe scheduling dynamically would provide scheduling flexibility to eNB.

· On the other hand the WID [1] stipulates that the work with physical layer control signaling should aim for a high level of commonality between the solutions for LC and CE, and the WID also states that UE processing relaxations through relaxed downlink HARQ time line can be considered as a device complexity reduction technique within the WI, we are inclined to say that same-subframe scheduling should not be supported.
With these considerations in mind, we are inclined to say that same-subframe scheduling should not be supported but we are interested in hearing views from other companies, especially views from UE vendors on the complexity impact of supporting both same-subframe and cross-subframe scheduling in a LC UE.
Proposal:
· Rel-13 LC UEs only support cross-subframe (not same-subframe) scheduling.
3 Number of HARQ processes in enhanced coverage
In enhanced coverage, lower data rates and higher latency have to be tolerated. With the subframe repetitions of EPDCCH, PDSCH, PUSCH and PUCCH, the HARQ time line will need to be prolonged and the number of HARQ processes should be reduced.

In the worst coverage scenarios, with HD-FDD operation, the number of HARQ processes should probably be 1, and it may only be possible to operate either the PDSCH-related procedures or the PUSCH-related procedures at a time. This is illustrated in Figure 3 through Figure 6.
Proposal:

· The maximum number of DL/UL HARQ processes in enhanced coverage is
· 1 in HD-FDD
· 1 in TDD

· [1 or 2] in FD-FDD

According to the WID [1], the solutions should be optimized for HD-FDD and TDD. Therefore, in order to save standardization efforts, we would be open to limit the number of HARQ processes in enhanced coverage to 1 also for FD-FDD.
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Figure 3: Max number of HARQ processes = 4 when one repetition in time.
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Figure 4: Max number of HARQ processes = 2 when two repetitions in time.

[image: image5.emf]3 4 5

8 9 10 11

14 15 16 17 2 1 6

12 13

18 19

DL

UL


Figure 5: Max number of HARQ processes = 2 when three repetitions in time.
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Figure 6: Max number of HARQ processes = 1 when four or more repetitions in time.

4 Number of HARQ processes in normal coverage
RAN1#80bis made the following agreements:
	Agreements:
· 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).


In order to fulfil this, LC UEs in normal coverage need to be able to support more than 1 HARQ process but it can probably be lower than today’s 8 HARQ processes at least in HD-FDD.
Proposal:

· Consider a reduced number of DL/UL HARQ processes for LC UEs at least in HD-FDD.
5 Bundle size
The EPDCCH repetition factor could be

· semi-static (i.e. configured via RRC signalling)

· dynamic (i.e. blindly detected by the UE)

· dynamic within a semi-statically configured small range

The PDSCH/PUSCH TTI bundle sizes could be

· semi-static (i.e. configured via RRC signalling)

· dynamic (i.e. indicated in DCI on EPDCCH)

· dynamic within a semi-statically configured small range

There are pros and cons with all alternatives. The dynamic signalling alternatives are more error-prone so if those are considered, care should be taken to ensure that the physical channel timing relationships (and frequency locations) are robust against the potential error cases due to decoding errors, false alarms, etc.

Proposal:

· PDSCH/PUSCH TTI bundle sizes are not completely dynamic, i.e. they are either semi-static or dynamic within a semi-statically configured small range.

The configuration of the EPDCCH repetition factor is discussed further in contribution [2].
6 PDSCH frequency allocation

RAN1#80bis made the following agreements:
	Working assumption:
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· 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 

Agreements:
· 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


We would like to confirm the working assumption and specify Option 1 for all coverage levels. It should be noted that the eNB scheduler is still free to use the dynamic indication of the PDSCH frequency allocation to indicate that the PDSCH should be scheduled in the same frequency location as the EPDCCH PRB group if it is desired to achieve a more continuous data transmission. Dynamically indicating some other PDSCH frequency allocation is something that the eNB scheduler can save for e.g. high load situations where multiple LC/CE UEs may need to be served from the same EPDCCH PRB group. 
Proposals:
· Confirm working assumption: For Rel-13 low complexity UEs in normal coverage scheduled with cross-subframe scheduling (k > 0),

· 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 

· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Dynamic narrowband location indicated by DCI

7 Realization of PHICH functionality

The wideband legacy PHICH channel cannot be received by Rel-13 low complexity UEs, except possibly in the special case with 1.4 MHz system bandwidth.
HARQ-ACK feedback can be implemented using EPDCCH instead of PHICH. The signaling may become somewhat inefficient since even if the DCI is small (e.g. a single ACK/NACK bit), a 16-bit CRC will be attached to it.
One possibility is to multiplex the HARQ-ACK feedback intended for several different UEs in a single DCI, similarly to how multiple TPC commands can be multiplexed in DCI format 3/3A which is scheduled with a shared TPC RNTI. However, we foresee some difficulties with trying to do this multiplexing for bandwidth reduced and/or coverage enhanced UEs:

· Different UEs may use different repetition factors for the various physical channels. Unless the UEs are time aligned somehow, it may be rather unlikely that their HARQ-ACK feedback transmissions will coincide. But such time alignment between users may also cause inefficiencies e.g. due to reduced scheduling flexibility, and especially if it means that some UEs will need to use a longer EPDCCH repetition factor than they would need otherwise.
· Different UEs may reside in different PRB groups and this could mean that they may need to retune their respective UE center frequencies in order to be able to receive the shared HARQ-ACK DCI transmission. This may result in an unwanted restriction of the scheduling flexibility, since when multiple UEs retune to the same PRB group, the eNB will have very little freedom to do anything else than to transmit a shared HARQ-ACK DCI and nothing else to these UEs.

· Requiring different UEs to receive the same channel potentially requires a common search space on EPDCCH. As indicated in [3], we see no need for a common search space for common channels.

Observations:
· The HARQ-ACK feedback functionality can be implemented using EPDCCH instead of PHICH.
· It is not obvious that multiplexing HARQ-ACK feedback for multiple Rel-13 low complexity and/or coverage enhanced UEs in the same DCI can provide efficiency gains in a straightforward way.

8 Conclusions

We have the following proposals and observations on the HARQ timing and related aspects for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs.
Proposals:

1. Rel-13 LC UEs only support cross-subframe (not same-subframe) scheduling.
2. The maximum number of DL/UL HARQ processes in enhanced coverage is

· 1 in HD-FDD

· 1 in TDD

· [1 or 2] in FD-FDD
3. Consider a reduced number of DL/UL HARQ processes for LC UEs at least in HD-FDD.
4. PDSCH/PUSCH TTI bundle sizes are not completely dynamic, i.e. they are either semi-static or dynamic within a semi-statically configured small range.

5. Confirm working assumption: For Rel-13 low complexity UEs in normal coverage scheduled with cross-subframe scheduling (k > 0),

· 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 

6. PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Dynamic narrowband location indicated by DCI
Observations:

1. The HARQ-ACK feedback functionality can be implemented using EPDCCH instead of PHICH.

2. It is not obvious that multiplexing HARQ-ACK feedback for multiple Rel-13 low complexity and/or coverage enhanced UEs in the same DCI can provide efficiency gains in a straightforward way.
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