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1. Introduction
A common understanding of DRX cycle is that the portion of wake-up and sleep duration is fixed. DL data should be sent during a wake-up interval; otherwise they have to wait until the next wake-up timing.  However, if such scheme cooperation with DL HARQ, and if HARQ retransmission is unfinished during wake-up interval, the data have to be retransmitted in next DRX cycle, which will cause large delay. 

On the other hand, though interaction of DRX and DL HARQ has been discussed in [1] and [2], but there are still some problems such as signaling errors haven’t been solved.  Considered signaling error occasions include:

· UL ACK(NACK
· UL NACK(ACK

· DL L1/L2 control signaling error (In the case the L1/L2 signaling was not decoded)

In this contribution, we propose an adaptive wake-up duration scheme for DL HARQ retransmission and investigate UE behaviors at various signaling error occasions.

2. Adaptive wake-up duration
DL HARQ is defined non-synchronous in E-UTRAN.  As UE can’t know when the eNB will arrange the HARQ retransmission, it will violate DRX power saving purposes if UE keeping awake for unreasonable long duration.  Otherwise, if the wake-up time doesn’t long enough to finish the HARQ retransmission it will result in large delay.  Thus we propose that the wake-up time should be adaptively updated based on different HARQ retransmission times.  There are three proposals on the adaptive wake-up duration:

· Proposal 1: to increase the waiting time gradually when the UE has received retransmission one by one.

· Proposal 2: to update the wake-up time by event-trigger, which means when ACK/NACK generated, the previous wake-up timer is stopped and a new updated time window is open.  At eNB side, the new transmission period updating is triggered by NACK.

· Proposal 3: to repeat the HARQ retransmission procedure till ACK generated, or reach retransmission limit or another DRX period is starting, which is the earliest.  

The proposal 1 is taking account of the successful probability of data be correctly decoded, because the more retransmission of the data received, the higher possibility is to decode the data correctly.  Generally, eNB scheduler will arrange HARQ retransmission as soon as possible.  But DL asynchronous requirement in LTE means the HARQ resource may be pre-empted by other data.  To gradually increase the waiting time can ensure more flexibility for eNB scheduler to improve the radio resource utilization, and then increase the receiving chance of the data.  

The proposal 2 is in order to reduce the total wake-up time, thus saving more power.  To efficiently reduce the total wake-up time and ensure HARQ termination at same time, we define a number of retransmission wake-up time windows for the data, which are corresponding to the same HARQ retransmission times.  Thus it’s reasonable that if the HARQ retransmission has received in its corresponding time window, the time window should be closed, and UE opens a new time window for next HARQ retransmission.  The time window size is what we proposed in proposal 1, i.e. it is increased gradually when the UE has received retransmission one by one.          

The proposal 3 is in order to finish HARQ retransmission in current DRX cycle.  We consider that retransmission occurs in next DRX cycle will cause large delay. 

3. UE behaviors on signaling error occasions
Wireless channel can be interfered resulting in data and signaling error.  Data error can be recovered by HARQ retransmission.   Signaling error of HARQ appears two cases at UE and eNB sides respectively, i.e. at UE’s view, DL L1/L2 signaling is not correctly decoded by the receiver, or signaling is lost; at eNB’s view, UL ACK is detected as NACK, or NACK is detected as ACK.  In DRX  DL HARQ, eNB will continue to retransmit the data until reach the HARQ limit if NACK is detected; on the other hand, UE will keep waiting the data retransmission until expiry of wake-up interval if the HARQ is unfinished.  The former case will result in waste of precious radio resource, while the latter case will result in waste of battery power.  Thus we should avoid such occasions caused by signaling error.

Four HARQ signaling errors are considered in this document, i.e. UL ACK(NACK, NACK(ACK, and DL L1/L2 signaling was lost or not correctly decoded.  Normally,
· In case of UL ACK(NACK, UE will go back to sleep while eNB will continue the data retransmission.  
· In case of UL NACK(ACK, eNB will stop HARQ transmission while UE still be awake to wait the data.  
· In case of DL L1/L2 signaling not correctly decoded, UE won’t process the data, thus no feedback from UE.  
· In case of signaling loss, UE doesn’t know there is a retransmission existing, thus no feedback either. 

We provide solutions to solve these signaling errors for DL HARQ in LTE. 

2. To solve UL ACK(NACK, UE will update wake-up time after ACK feedback.

· If there is no signaling error (see figure 1), the eNB stops transmission. And UE receives nothing up to expiry of the wake-up time; then UE goes to sleep

· If UL ACK(NACK happens (see figure 2), the eNB performs the retransmission. And UE will receive the data retransmission.  UE should discard the retransmission, then feedback ACK again.  UE waits till expiry of the wake-up time, then goes to sleep.  
3. To solve UL NACK(ACK, UE will update wake-up time after NACK feedback

· If UL NACK(NACK (see figure 1): It is a normal DL HARQ procedure, i.e. UE waits data retransmission during the updated wake-up time, while eNB arranges the retransmission during the same time window.
· If NACK(ACK (see figure 4): UE will wait data retransmission during the updated wake-up time, while eNB has stopped HARQ transmission.  Then UE will update an extra wake-up time at the expiry of this timer.  UE wait total two continuous wake-up periods, then goes to sleep
4. To solve DL L1/L2 signaling loss during retransmission (see figure 3), UE will update wake-up time after NACK feedback, then update an extra wake-up time after expiry of this timer.

· If L1/L2 signaling was not received, UE doesn’t know retransmission of the data, while eNB can’t receive UE’s feedback.  In this case, eNB consider the no feedback as NACK, and then retransmit the data.  In the extra wake-up time, 
(i) If UE receives retransmission, then UE goes to normal DL HARQ procedure;

(ii) Else, if UE receives nothing up to expiry of the wake-up time, then UE goes to sleep.  UE wait total two continuous wake-up periods in this case too.

· However, if such error happens in 1st transmission, UE won’t know eNB is sending data to it.  So UE will go to sleep just as DRX definition.   The eNB will retransmit the 1st transmission several times.
4. Conclusion
In this contribution, we proposed adaptive wake-up duration scheme for DL HARQ retransmission and provide solutions for UE behaviors on signaling error occasions.  We hope this content can be discussed and agreed. 
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Annex: examples of the interaction between DRX and DL HARQ 

The normal DL HARQ procedure is shown in Fig 1:

(1) UE cannot receive the initial data correctly, then UE feedbacks NACK and set a wake-up period of X1 to wait HARQ retransmission.  
(2) If UE cannot receives 2nd transmission of the data correctly during X1, the UE feedbacks NACK and stops the X1 timer immediately, then updates the wake-up period to X2 at same time. 
(3) This procedure is repeated until ACK generated.
(4) After ACK feedback, the UE stops current timer immediately, and then updates an extra wake-up period, X3 in this example, to ensure no ACK(NACK signaling error at eNB.
(5) No further transmission of the data coming up to expiry of X3 means the eNB has correctly decoded ACK; the DL HAQR procedure is finished and the UE goes to sleep.
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Fig. 1  Diagram for complete DL HARQ (normal procedure)

The procedure to handle signaling error of ACK(NACK is shown in Fig 2:

(1) If eNB cannot decode ACK correctly in normal procedure (the 3rd transmission of the data in this example) our scheme of extra wake-up time for ACK insurance is working in this case.  
(2) The eNB will retransmit the data further.  As UE is still active in this scheme, it can feedback ACK again to increase the correct decoding probability of ACK at eNB.

(3) The UE waits till the expiry of the X3 timer; then goes to sleep.
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Fig. 2   Diagram for signaling error of ACK(NACK

The procedure to handle DL L1/L2 signaling error is shown in Fig 3:

(1) If DL L1/L2 signaling is not correctly decoded, UE won’t process the data and no feedback, but UE knows there is retransmission and keep up waiting.  If current timer (X1 in this example) is expired, UE will open a new window (X2).
(2) If DL L1/L2 signaling is lost, UE doesn’t know the retransmission, and no feedback is generated.  However, such no feedback is decoded as NACK at eNB.    
(3) The eNB will assume the UE is still awake, and retransmit the data further.  Thus to avoid UE going to sleep after the expiry of current wake-up period (X1) the UE should update extra wake-up period (X2).  

(4) Assuming UE can receive the 3rd transmission of the data, it goes to normal procedure.
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Fig. 3  Diagram for DL L1/L2 signaling error
The procedure to handle signaling error of NACK(ACK is shown in Fig 4:

(1) UE receives nothing from eNB up to expiry of X1. 
(2) Thus the UE guess it may be caused by L1/L2 signaling error; UE should update extra wake-up period (X2 in this example). 

(3) Obviously, UE can’t receive data in this case.  Then UE goes to sleep at expiry of X2. There are total two continuous wake-up periods the UE waits.  
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Fig. 4   Diagram for signaling error of NACK(ACK 
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