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1.  Introduction

Current status of RAN2 discussion on DRX in LTE_ACTIVE is summarised in R2-070463 [1]. Generally we support the two level approach in DRX signalling, e.g., RRC and MAC. As mentioned in the paper, maintainance of the UE and network DRX synchronization is a required feature. One of the challenges in MAC level DRX signalling is handling of HARQ feedback detection errors, e.g. NACK to ACK error as well described in R2-063081 [2]. This paper discusses mechanims to ensure DRX synchronization.
2. Discussion
2.1 Handling possible retransmission due to HARQ errors
Suppose that the temporary DRX value is contained in a downlink MAC-PDU and an ACK to NACK error occurs. The UE will apply the temporary DRX value while the eNB retransmits. If the UE turns off its transceiver immediately after transmitting HARQ feedback, the retransmission from the eNB will be ignored. Similarly when data indication on downlink SCCH is missed by the UE and the UE turns off its transceiver immediately, then the retransmissions from the eNB will be lost assuming no DTX to ACK errors.
Therefore the UE should keep checking the downlink SCCH during a short period of time for possible retransmissions when it wakes up from DRX in order not to waste downlink radio resources. The short period of time shall be greater than the time required for the eNB to reschedule and send the retransmission. Since the time may depend on the scheduler implementation, the value of short awake period should be signalled to the UE.

Now, suppose that a NACK to ACK error occurs to a downlink MAC PDU carrying the temporary DRX. The UE maintains the old DRX value and the eNB applies the new value. If the new value is shorter than the old one, subsequent downlink transmissions could be lost. The similar situation occurs if the UE misses data indication for the MAC-PDU containing the temporary DRX value on DL SCCH and a DTX to ACK error happens.

The above errors are not easily handled by retransmission. The following section discusses mechanisms for more robust MAC level signalling. 
2.2 More Reliable HARQ Feedback Detection
There are methods to reduce ACK/NACK detection error probability in UTRA, e.g., transmission power control for ACK/NACK, repetition of ACK/NACK or use of preamble and post-amble as described in TS25.213 section 4.2.1.2 [3] and TS25.214 section 6A.1 [4]. The above methods are also applicable for LTE. In UTRA, RRC configures such HARQ feedback transmission parameters. Once configured for a radio bearer, the parameters are applied for all the MAC PDUs carried on the bearer.
For better uplink radio resource usage, normal or more reliable configuration for HARQ feedback transmission should be applied per MAC_PDU. Fox example, apply a more reliable configuration for a MAC PDU which contains important MAC control information such as DRX indication and apply a normal configuration for a MAC PDU which carries only user payload and less important MAC control information if any.
Basically normal and more reliable configurations of HARQ feedback response are signalled to the UE by RRC when a radio bear is (re)configured, etc and the eNB indicates which configuration should be applied to the UE when the downlink data is sent. In the following sub sections we show how the eNB indicates the configurations.
2.2.1 Indication of more reliable HARQ feedback using DL SCCH
A dedicated DL SCCH can be associated with more robust HARQ feedback transmission. If the downlink data transmission is indicated on a dedicated DL SCCH, the UE applies a more reliable configuration  when sending ACK or NACK. Alternatively a single bit can be defined on the DL SCCH. The bit indicates normal or more reliable configuration for HARQ feedback. 

We prefer the dedicated DL SCCH approach because the second approach requires one bit on L1/L2 signalling channel which is very resource limited. For better utilization of radio resource, the dedicated DL SCCH can be used for downlink SRB transmission.
2.2.2 Indication of more HARQ feedback repetition using MAC header
Alternatively, a MAC-PDU header may be used to indicate more HARQ feedback (ACK) repetition than the repetition normally configured. One bit field, say more repetition bit, may be defined in the MAC-PDU header. When transmitting a MAC-PDU including important MAC control information, the eNB will set the bit in the MAC-PDU header. If the PDU is correctly received by the UE, the UE repeats ACK N times more than the normal repetition configured in advance by RRC. The number N may be also signalled by RRC. 
For example, suppose that no repetition is configured for MAC-PDU carrying only user payload and N is set to 2 for more reliable HARQ feedback transmission. If the UE receives correctly a MAC-PDU with the more repetition bit set, the UE transmits ACK 3 (N+1) times. If the CRC check of the MAC-PDU fails then the UE sends NACK once. Meanwhile the eNB waits for the three HARQ feedback responses. If the number of ACKs during the time period is more than or equal to 2, the eNB considers the transmission is successful, otherwise the eNB retransmit the PDU.
Simple calculation shows that probability of HARQ feedback error decreases while the increase in the false retransmission is maintained low.
3. Conclusion
We propose RAN2 to:
1) discuss and agree on the need for 
- signalling of awake-period to the UE
- two level configurations for HARQ feedback transmission for robust MAC signalling
2) discuss methods for indicating to the UE if normal or reliable configuration should be applied
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