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1.
Introduction
The current working assumption for LTE is to apply synchronous non-adaptive HARQ in uplink. This paper describes some problems related to a fully synchronous non-adaptive HARQ operation and outlines a simple solution.
2.
Need for synchronous adaptive HARQ
According to stage 2 agreements [1]  a synchronous non-adaptive HARQ protocol is applied in the uplink in case of dynamic scheduling (adaptive HARQ is however possible in case of persistent scheduling). Since the resources used for retransmissions can not be changed several problem arises as pointed out in [2,3,4].

· The retransmission of a dynamically scheduled UE can collide with the persistent resource for another UE

· Even if the total amount of resources in a TTI is sufficient to reach a high data rate, fragmentation of the resources leads to that only a fraction of the resources can be used for a high rate UE (the retransmission of another UE would need to be moved in order to free contiguous spectrum for the high rate user)

The above problems can be solved if a synchronous adaptive scheme is applied. We therefore propose that an synchronous adaptive HARQ is supported for dynamic scheduling, which is also an alignment with the functionality for semi persistent scheduling. This is in line with the proposals in [2,3,4].

Proposal 1: Synchronous adaptive HARQ should be supported for the UL HARQ

3.
Solutions for synchronous adaptive HARQ
A solution to the problems listed above is to use explicit scheduling grants also for retransmissions, which would allow to change the resource for the retransmissions. Two main solutions have been proposed in earlier papers
1) A grant on the PDCCH is always sent for each retransmission [3]

In this solution a grant is sent for each retransmission regardless if the resource for the retransmission is changed or not. This means that the defined ACK channel does not have to be used but the control channel overhead is high since grants on PDCCH are needed for every retransmission. To separate between ACKs and NACKs an ACK/NACK indicator is likely needed on the PDCCH.
2) NACKs on PHICH are normally sent for retransmissions and a grant on PDCCH is only sent when the resource need to be changed [2]

In this solution the default assumption is that the same resource is used for the retransmissions as for the initial transmission meaning that grants on the PDCCH is only occasionally needed. A NACK on the PHICH is normally used to indicate that a retransmission is needed and if a resource grant on PDCCH is transmitted in the same TTI as the PHICH NACK it means that the resource indicated in the grant shall be used for the retransmission. (Alternatively but not proposed here, if an ACK/NACK indicator is present on the PDCCH the PHICH NACK could be omitted when the PDCCH is used to change the resource for the retransmission)
We think that solution 2) is more feasible since the PHICH is already defined in RAN1 and the control channel overhead on PDCCH with solution 1) is high.
Proposal 2: A grant on PDCCH shall only be sent for retransmissions when the resource needs to be changed.

In case the UE can not detect the grant used to change resources for a retransmission a potential error case is present. This means that the UE continues to use the resource used for the previous transmission for the retransmission and the retransmission can thus potentially collide with a transmission from another UE. Thus it is recommended that once the scheduler decides to change the resource for a retransmission it should send a grant for each subsequent retransmission also (at least until it detects that the UE has detected the change in the used resource). That limits the collision to a single TTI and the problem is thus not significant. This is however an implementation issue in the scheduler. The appropriate UE behaviour is that once the UE has received a request to change the resource for a retransmission it shall use that new resource for all remaining retransmissions for that process.
Proposal 3: When the UE has received a request to change the resource for a retransmission it shall use that new resource for the remaining retransmissions for that process
For persistent scheduling we foresee the same operation as for dynamic scheduling, i.e. HARQ NACKs on PHICH serve as implicit grants and explicit grants on PDCCH are only transmitted if the eNB needs to change the resource for retransmissions to a UE. Since a key target with persistent scheduling is to reduce the control channel overhead it is especially important to limit the amount of control signalling for retransmissions when persistent scheduling is applied.  
Proposal 4: The synchronous adaptive HARQ scheme should be applied for both dynamic and semi-persistent HARQ

4.
Conclusion
Based on the discussion above we propose the following:
Proposal 1: Synchronous adaptive HARQ should be supported for the UL HARQ
Proposal 2: A grant on PDCCH shall only be sent for retransmissions when the resource needs to be changed.

Proposal 3: When the UE has received a request to change the resource for a retransmission it shall use that new resource for the remaining retransmissions for that process

Proposal 4: The synchronous adaptive HARQ scheme should be applied for both dynamic and semi-persistent HARQ
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6.
Text proposal to 36.300

9.1
HARQ principles

The HARQ within the MAC sublayer has the following characteristics:

-
N-process Stop-And-Wait HARQ is used;

-
The HARQ is based on ACK/NACKs;

-
In the downlink:

-
Asynchronous retransmissions with adaptive transmission parameters are supported;

-
Additional optimisations (e.g. less adaptive/synchronous) are FFS.

-
In the uplink:

-
HARQ is based on synchronous retransmissions;

-
Resource allocation and modulation and coding scheme is possible to adapt for retransmissions with a scheduling grant. When no scheduling grant is sent the same resource allocation and modulation and coding scheme as for the first transmission is used for the retransmissions.

-
The HARQ transmits and retransmits TBs;
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