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1. Introduction

In the email discussion of MAC open issues after RAN2 #63bis, a new added open issue for DRX (DR06) is that shall HARQ RTT Timer be restarted if the PDCCH for a re-tx is missed?  In this document, we will discuss this issue and propose that eNB can handle it well so nothing to do in the UE.

2. Discussion 

2.1  Scenarios

We think there are three scenarios as below to result in the expiry of DRX Retransmission Timer. And UE cannot distinguish them.
(1) PDCCH is missed.  

Please refer to Fig. 1. Packet A is not decoded successfully and then UE sends a NACK to eNB. After eNB detects the NACK (or DTX), it schedules a retransmission of packet A but UE misses the detection of PDCCH so nothing will be detected during the period of DRX retransmission Timer. And after the expiry of DRX Retransmission Timer, UE will go to sleep if no other conditions for which UE has to keep awake. However, from eNB point of view, it is supposed to continue to schedule another retransmission because no ACK is received for the previous transmission which is not detected by UE. But the following retransmissions won’t be detected anymore by UE because UE has gone to sleep. So packet A is missing.
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Fig. 1

Assumed that the probability of missing detection of PDCCH is 10-2 and the probability of failed decoding for the first transmission is 30%. So the probability of scenario (1) is 3*10-3. We think the probability of this problem is not low so it seems worth to have a solution to handle it if the introduced complexity is low.
(2) NACK to ACK error

Please refer to Fig. 2. Packet A is not decoded successfully and then UE sends a NACK to eNB. But unfortunately NACK to ACK error occurs. So eNB receives an ACK and won’t schedule any retransmission of packet A. However, from UE point of view, it will start DRX Retransmission Timer due to the failed decoding of packet A to wait for retransmission of packet A. Of course, nothing will be detected during the period of DRX retransmission Timer.
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Fig. 2

According to the annex H of stage 2 spec, it can be assumed that the probability of NACK to ACK is (10-4 – 10-3).

(3) The last transmission

Please refer to Fig. 3. Packet A is not decoded successfully and then UE sends a NACK to eNB. But eNB won’t retransmit packet A anymore because the last retransmission has been sent. However, from UE point of view, it never knows whether the transmission is the last one or not so UE will start DRX Retransmission Timer due to the failed decoding of packet A to wait for retransmission. Of course, nothing will be detected during the period of DRX retransmission Timer.


[image: image3.wmf] 

HARQ RTT 

Timer

 

Start

 

DRX Rrtx Timer

 

A

 

Expired

 

Start

 

Expired

 

No PDCCH is monitored 

 

because there is no transmission.

 

UE

 

eNB

 

NACK

 

The last 

retransmission of A

 

Decoding 

failed

 

Sleep

 

Active

 

Sleep

 


Fig. 3

It can be assumed that the probability of sending the last retransmission is very low.

( The probability of scenario (1) is higher than (2) and (3). And there is a problem in scenario (1) that packet would be missing.

2.2  Possible solutions

To solve the problem described in the scenario (1) in section 2.1, we think there are four possible solutions to handle it after the expiry of DRX Retransmission Timer. 

Table 1. shows some analysis of the four solutions for scenario (1), (2) and (3).

Solution 3 is to defined a new timer. UE has to keep awake when the timer is running. The new timer is started after the expiry of DRX Retransmission Timer and is stopped after detection of (re)transmission. Note that only one of the new timer, DRX Retransmission Timer and HARQ RTT Timer would be running in any TTI. Besides, it would be good to set the value of a new timer to that of HARQ RTT Timer plus DRX Retransmission Timer. Then it is not configured by RRC.
	If DRX Retransmission Timer is expired, 
	Scenario (1)
PDCCH is missed.
	Scenario (2)
NACK to ACK error
	Scenario (3)
The last transmission

	Solution 1

Restart HARQ RTT Timer
	A disadvantage is that PDCCH may be missed again if the retransmission of packet A is scheduled during the period of the restarted HARQ RTT Timer. Please refer to Fig. 5.

Note: it would be ok if eNB can be aware of the occurrence of this scenario.
	A disadvantage is that UE is always to monitor PDCCH until the new transmission for the HARQ process is detected by UE.

Note:  it would be ok if the number of restarting HARQ RTT Timer is limited. 

	Solution 2

Restart DRX Retransmission Timer
	No disadvantage
	A disadvantage is that UE is always to monitor PDCCH until the new transmission for the HARQ process is detected by UE.

Note:  it would be ok if the number of restarting DRX Retransmission Timer is limited.

	Solution 3

Start a new defined Timer
	No disadvantage
	A disadvantage is that UE is needed to monitor PDCCH during the period of the new defined timer.

	Solution 4

Set DRX Retransmission Timer to a larger value
	No disadvantage




Table 1.

It looks that solution 4 is the best. So we propose to adopt solution 4. It means that eNB can handle it and nothing to do in the UE.
However, if it is considered that eNB cannot handle it well (i.e. it is hard to determine the value of DRX Retransmission Timer), then we propose to adopt solution 3 that a new Timer is defined and it is started after the expiry of DRX Retransmission Timer and can be stopped after detection of (re)transmission. The TP of solution 3 is provided in the end.

The basic concept of solution 1, 2 and 3 to solve the problem described in the scenario (1) is to continue to monitor PDCCH to detect the next (re)transmission. The Fig. 4 show the concept.
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Fig. 4
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Fig. 5

3. Conclusion
In this document, we have discussed the issue of the expiry of DRX Retransmission Timer. And it is proposed that nothing is to do in the UE (i.e. eNB can handle it well.)
Reference

Text proposal on 36.321 v8.3.0

5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to monitor the PDCCH discontinuously. DRX operation is based on a Long DRX cycle, a DRX Inactivity Timer, a HARQ RTT Timer, a DRX Retransmission Timer and optionally a Short DRX Cycle and a DRX Short Cycle Timer, all defined in subclause 3.1.

When a DRX cycle is configured, the Active Time includes the time while: 

-
the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the NEW Timer or the Contention Resolution Timer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI or Temporary C-RNTI of the UE has not been received after successful reception of a Random Access Response (as described in subclause 5.1.4).

When DRX is configured, the UE shall for each subframe:

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (Short DRX Cycle) = DRX Start Offset; or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (Long DRX Cycle) = DRX Start Offset:

-
start the On Duration Timer.

-
if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded:

-
start the DRX Retransmission Timer for the corresponding HARQ process.

-
if a DRX Retransmission Timer expires in this subframe:


-
start the NEW Timer for the corresponding HARQ process.
-
if a DRX Command MAC control element is received:

-
stop the On Duration Timer;

-
stop the DRX Inactivity Timer.

-
if the DRX Inactivity Timer expires or a DRX Command MAC control element is received in this subframe:

-
if the short DRX cycle is configured:

-
start or restart the DRX Short Cycle Timer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if the DRX Short Cycle Timer expires in this subframe:

-
use the long DRX cycle.

-
during the Active Time, for a PDCCH-subframe except if the subframe is required for uplink transmission for half-duplex FDD UE operation and except if the subframe is part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the DRX Retransmission Timer for the corresponding HARQ process.
-
stop the NEW Timer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart the DRX Inactivity Timer.

-
when not in active time, CQI/SRS/PMI/RI shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
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