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1. Introduction
This paper discusses the interaction of downlink HARQ operation with DRx. For the uplink retransmissions, there is already stage 2 agreement that HARQ operation is independent of DRx ‎[1]. 
A number of agreements on DRx for NRT and RT services were made at the RAN2#59 meeting ‎[2]. 
2. Discussion
2.1. Uplink and Downlink HARQ operation
For the uplink, the HARQ retransmissions are synchronous; a retransmission is always expected to come after one HARQ RTT, until the HARQ is successful. The synchronous retransmission can be configured to be either adaptive or non-adaptive; if adaptive, a scheduling grant is used to modify the transport format of the HARQ transmission.

For the downlink, HARQ retransmissions are dynamically scheduled using grants.
2.2. DL HARQ and DRX
For downlink transmissions, after data has been received the UE must be awake at least when:

a) it transmits the HARQ ACK/NACK, and
b) if it has transmitted a NACK, when the retransmission is expected.
This can be specified outside the DRX pattern, i.e. the UE is awake at the known occasions a) and b) until it has transmitted a HARQ ACK.
There are different alternatives to handle DRx with DL HARQ retransmissions:

1) DRx cannot resume until HARQ completes

2) DRx resumes immediately; HARQ retransmissions are scheduled at the next DRx wake-up opportunity, and the “on-duration” period is used for both first transmissions (if applicable) and HARQ retransmissions of “older” data (downlink only).

3) DRx resumes immediately, but the UE wakes-up after X TTIs, until HARQ succeeds. For the downlink, the value X can be set to a default value corresponding to the shortest possible HARQ RTT, and configurable using RRC signaling to override this value.

We propose the following, which correspond to the third alternative above:

Proposal 1:  For downlink transmissions, the UE can go to DRx and sleep for a defined number of TTIs, after sending a NACK. When it gets out of DRx, the UE listens until it gets a HARQ retransmission or until some terminating condition becomes true (for handling of error case).

Proposal 2:  For downlink transmissions, HARQ retransmission shall come no earlier than after a minimum number of TTIs.

Proposal 3: 
For downlink transmission, the minimum number of TTIs before a HARQ retransmission can be received by the UE shall be defined using a default value equal to the minimum HARQ RTT (8 ms, as agreed by RAN1).

Proposal 4:  
For downlink transmissions, the eNB can configure the minimum number of TTIs before which the UE expects a HARQ retransmission to a value larger than the default specified value. This is useful to account for different processing times between eNBs.

Proposal 5:  For downlink transmissions, allowing the UE to go to DRx between retransmissions is independent of the normal DRx cycle, and successful PDCCH decoding for HARQ retransmissions does not start “on duration”.
2.3. Error cases with alternative 3 

The DRx mechanisms of alternative 2) and 3) above continue “until the HARQ completes/succeeds”. There is thus a possible error case with NACK to ACK errors. However, this is no different with or without DRx. Some terminating condition could be FFS.
ACK to NACK errors would, on the other end, cause additional wake-up periods. This, however, is mitigated from the maximum number of retransmissions, so the additional wake-up time would be limited. It could also be possible to limit the time window in which a HARQ retransmission can take place instead.
3. Conclusion
It is proposed that RAN2 discusses the analysis above, and agree on the proposals of section 2.2. Upon agreement in RAN2, Ericsson can contribute with further text proposal.
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