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1
Summary
We propose the following HARQ attributes for unicast transmissions in downlink:

· HARQ operation in time

· Synchronous

· Re-transmissions are sent at fixed time intervals

· HARQ operation across re-transmissions

· Non-adaptive

· Associated scheduling assignment sent only in the first transmission

· Pre-defined order of modulation and redundancy version (RV) sequence during re-transmissions

2
Overview
For time synchronous HARQ, two distinct strategies may be employed while transmitting the associated control (scheduling assignment) channel. For the remainder of this document, we denote the control channel as SDCCH (Shared Data Control Channel) and the data channel as SDCH (Shared Data Channel).

2.1
Approach I

Because the HARQ process is time synchronous, the SDCCH can be sent only in the 1st transmission along with a pre-defined order of modulation and redundancy version sequence.

This does not necessarily imply that the SDCCH error rate must be extremely low. This depends on the UL ACKCH signaling structure.
2.2
Approach II

Even though the HARQ process is time synchronous, the SDCCH can be sent in all transmissions, with the flexibility to change the modulation and redundancy version sequence order during the re-transmissions.

Such an approach was adopted for R6 EUL.
2.3
Tri-State Signaling for UL ACKCH
Suppose the ACKCH signal has three states:

· NAK (-1)

· Indicates that the UE decoded SDCCH correctly (CRC pass) but the data channel CRC failed

· DTX (0)

· Indicates that the UE missed the SDCCH detection

· ACK (+1)

· Indicates that the UE decoded SDCCH and SDCH correctly

Define the following probabilities: 
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Then, the probability of a higher layer re-transmission is equal to:
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Where the “
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” in the equation above can be forced by design.

Clearly, we can have:
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Therefore, even for Approach I, the SDCCH target error rate on the 1st transmission can be reasonable.

2.4
Dual-State Signaling for UL ACKCH
Suppose the ACKCH signal has two states:

· DTX (0) or NAK (-1)

· Indicates that either the SDCCH was missed or the SDCH CRC failed

· ACK (+1)

· Indicates that the UE decoded SDCCH and SDCH correctly

In this case, the scheduler cannot resolve whether the NAK or DTX was because of SDCCH missed detection. Therefore, in case of Approach I, the scheduler has to rely on a very low error rate on the SDCCH to reduce the probability of higher layer retransmissions and potential loss in system throughput.

However for Approach II, the SDCCH is anyway transmitted during re-transmissions, so the issue is mitigated.

3
Conclusions
The transmission strategy for the SDCCH needs to be evaluated carefully while taking the uplink ACKCH signaling structure into account. If a tri-state signaling structure is adopted, it is seen that even when SDCCH is transmitted only in the 1st transmission, the corresponding target error rate can be kept reasonable.
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