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1
Introduction

In this contribution we consider downlink HARQ operation with DRX. For the uplink, it has been agreed that HARQ should operate independently of DRX [1]. Here we propose that HARQ should be independent of DRX in the downlink as well.
The motivation for handling DL retransmissions independently of DRX is the support for VoIP (or other RT traffic). The crucial point in enabling efficient use of DRX with VoIP seems to be the HARQ operation. Due to the short packet inter-arrival rate it is difficult to achieve good power savings in the receiver if DL HARQ is included in the DRX pattern (i.e. DRX active time would have to be extended to account for retransmissions). If the UE has to stay awake for possible retransmissions even when they are not necessary (i.e. initial transmission was correctly received), a lot of power will be wasted. Therefore it would be beneficial for UE to stay awake for retransmissions only when it is actually expecting one. To accomplish this HARQ should operate independently of DRX, i.e. as already agreed for the uplink.

2
DL HARQ operating independently of DRX
Figure 1 illustrates the flow of the proposed method of handling DL HARQ retransmissions. The UE follows the DRX pattern assigned to it and is awake only when DRX pattern and timers indicates so. The exception to this is the DL HARQ retransmissions
. The UE shall wake up to receive those independently of DRX. UE will do this until there are no longer any pending retransmissions, or a specific timer has expired. We suggest the following set of rules to determine when the UE is required to be awake to receive allocation on PDCCH:
1. UE follows the assigned DRX pattern so that it is awake when indicated by the pattern (active-time).

2. At every DRX cycle, the UE stays awake at least for a time equal to on-duration.

3. During active-time, every new transmission restarts the inactivity timer and as long as the inactivity timer is running the UE stays awake (i.e. continuously monitor PDCCH).

4. In addition, the UE monitors PDCCH from first possible instance of retransmission as long as it has retransmissions pending that could be scheduled.
5. UE can stop waiting for pending retransmissions when a specific timer set for this purpose has expired.
6. New data can be scheduled only during DRX active-time, i.e. not while the UE is awake only waiting for pending retransmissions outside of active-time.

7. Scheduled retransmissions do not start the inactivity timer.

The handling of the DRX cycle, on duration and inactivity timers is the same as already agreed for the uplink.

The purpose of the timer related to UE waiting for scheduled DL HARQ retransmissions is to handle error situations such as NACK→ACK error for DL data or the case of missing transmission of semi-persistent allocation. Without any mechanism to stop waiting for pending retransmission, UE could end up staying awake indefinitely due to asynchronous HARQ, thus preventing power saving with DRX. This is the main difference compared to UL HARQ operation with DRX. In UL, as the HARQ is synchronous, the maximum number of retransmissions can be seen as implicit timer. It is not considered in this paper whether this implicit timer in UL is efficient enough in power saving perspective.
Initial transmissions should not be allowed to be scheduled outside DRX active-time, even when the eNB knows that the UE is monitoring PDCCH waiting for a retransmission. This makes it possible for the UE to sleep in between the successive retransmission attempts (based on minimum RTT). 
Moreover, retransmissions should not affect the DRX pattern and hence should not reset the inactivity timer. Otherwise they would have major impact on UE active time and thereby the power consumption.
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Figure 1 Flow chart of the proposed DL HARQ operation with DRX.
The configuration of the proposed DRX operation for DL HARQ is shown in two examples in ANNEX. One considers VoIP and mixed traffic (cf. ANNEX A) and the other one is for NRT traffic scenario (cf. ANNEX B).

3
Conclusions

Having HARQ operation related to DL data transmission independent of DRX operation allows good power savings even with RT traffic such as VoIP. It allows also time domain scheduling flexibility for DL retransmissions, as the retransmissions can be delayed when needed. Due to these reasons we propose to have DL HARQ independent of DRX. Additionally, we propose to introduce a new timer to handle the situations where the UE would stay awake indefinitely waiting for retransmissions outside the DRX.
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ANNEX A

Example of VoIP DRX configuration
In this section we will show how DRX can be configured in such a way that good power saving possibilities are available for the UE even during active VoIP call without limiting the scheduler flexibility. Moreover, presented configuration retains time domain scheduling flexibility for HARQ retransmissions and enables a trade off between the power saving and scheduling flexibility.
An example of the DL HARQ operation independent of DRX is presented in Figure 2. In this example the DRX cycle is 20 ms, on-duration 2 ms and inactivity timer 2 ms. The UE is having a semi-persistent allocation for VoIP traffic (one voice packet can be scheduled every 20 TTIs) and it is matching the DRX pattern so that the semi-persistent allocation is in the first TTI of the on-duration.

In the example, the first VoIP packet requires 2 retransmissions. Those can be scheduled asynchronously, the UE wakes up at the first moment when the retransmission can be scheduled (assumed here to be after 8 ms) and goes back to DRX sleep when the packet is correctly received. For the second transmission, the eNB misinterprets the NACK sent by the UE as ACK and stops retransmitting. UE is unaware of this and would wait indefinitely for a retransmission, if there were not a mechanism to return to DRX sleep. In this example the timer expires after 12 ms and the UE can return to sleep until next DRX on-duration starts. After fourth semi-persistently scheduled VoIP packet eNB schedules some NRT data. This can be easily arranged in the second TTI of the on-duration. In this case the inactivity timer is started enabling more data to be scheduled in the subsequent TTIs
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Figure 2 Example of asynchronous DL HARQ operation with VoIP traffic and DRX.
ANNEX B

Example of NRT traffic DRX configuration
An example of DRX configuration for best effort traffic (NRT) is presented in Figure 3. In this example, the DRX cycle is 500 ms, on-duration 20 ms and inactivity timer 10 ms.
In the example, the UE is scheduled with new data several times during the first on-duration. Each of those restarts the inactivity timer. After the on-duration expires, the UE stays awake still for (9 ms more), waiting for the inactivity timer to expire. After the inactivity timer expires, UE can go to DRX sleep, but has to still wake up to receive the pending HARQ retransmissions. After there are no more pending retransmissions the UE can go to DRX sleep until the on-duration starts in the next DRX cycle.
The benefit of having DL HARQ independent of DRX is shorter active time in the case there are still pending retransmissions when no new transmissions are coming anymore.
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Figure 3 Example of asynchronous DL HARQ operation with best effort traffic and DRX.
ANNEX C

Text proposal to 36.3600
12
DRX in RRC_CONNECTED 

In order to enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

-
Per UE mechanism (as opposed to per radio bearer);

-
No RRC or MAC substate to distinguish between different levels of DRX;

-
Available DRX values are controlled by the network and start from non-DRX up to x seconds. Value x may be as long as the paging DRX used in LTE_IDLE;

-
Measurement requirement and reporting criteria can differ according to the length of the DRX interval i.e. long DRX intervals may experience more relaxed requirements;

-
The network may send a threshold indicating to the UE that it does not need to make measurements of neighbouring cells if the radio quality of the serving cell (exact definition of the radio quality and possible dependency on DRX value is FFS) is above the threshold;

-
Irrespective of DRX, UE may use first available RACH opportunity to send an UL measurement report;

-
Immediately after sending a measurement report, the UE may change its DRX. This mechanism would be pre-configured by the eNB;

-
HARQ operation related to data transmission is independent of DRX operation and the UE wakes up for possible retransmissions regardless of DRX;
-
In the downlink, a timer is used to limit the time the UE stays awake awaiting for a retransmission;
-
When DRX is configured, the UE may be further configured with an “on-duration” during which time the UE monitors the L1/L2 control channels for possible allocations;

-
When DRX is configured, CQI reports can only be sent by the UE during the “on-duration”;

-
A timer in the UE is used to detect need for obtaining timing advance.

The following definitions apply to DRX in E-UTRAN:

-
on-duration: duration in TTIs that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer.

-
inactivity-timer: duration in TTIs (during wake time) that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions). 

-
active-time: total duration that the UE is awake. This includes the “on-duration” of the DRX cycle and the time UE is performing continuous reception while the inactivity timer has not expired. Based on the above the minimum active time is of length equal to on-duration, and the maximum is undefined (infinite).

Of the above parameters the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying lengths based on scheduling decision and UE decoding success. Only on-duration and inactivity-timer duration are signalled to the UE by the eNB: 

-
There is only one DRX configuration applied in the UE at any time;

-
UE shall apply an on-duration on wake-up from DRX sleep;

NOTE: 
this is also applicable for the case where the UE has only one service (e.g. Real Time) that is being handled through the allocation of predefined resources; this allows for other signalling such as RRC to be sent during the remaining portion of the active time.

-
New transmissions can only take place during the active-time.

-
If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration (i.e the UE can enter DRX sleep if allowed by the DRX configuration):

-
This applies also for the sub-frames where the UE has been allocated predefined resources;

-
If it successfully decodes a PDCCH for a first transmission, the UE shall stay awake and start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UE has also been allocated predefined resouces);

-
Until a MAC header/control message tells the UE to re-enter DRX, with a cycle explicitely indicated in the MAC payload; or

-
The UE autonomously re-enters DRX with a predefined cycle at expiry of the inactivity timer. The predefined DRX cycle may be shorter than the initial one. And if it is, a longer period of inactivity will bring the UE back to the initial DRX cycle directly.
-
Irrespective of DRX state, the UE shall read the PDCCH to support adaptive HARQ. 

� Also UL HARQ is an exception, but it has been agreed to be handled independent of DRX so it will not be considered further in this paper.





_1252158235.vsd
Control:


DRX & VoIP – DL asynchronous HARQ:


20 ms


8 ms


DL:


10 ms


11 ms


DRX on-duration:


UE awake for HARQ - independent of DRX:


DL allocation on PDCCH:


VoIP packet:


Retransmission:


ACK:


NACK:


NACK->ACK error:


DRX pattern:


Best effort traffic:


DRX inactivity timer:



_1252226726.vsd
Control:


DRX & Best effort traffic – DL asynchronous HARQ:


20 ms


DRX inactivity timer:


...


DL:


500 ms


10 ms


DRX on-duration:


UE awake for HARQ - independent of DRX:


DL allocation on PDCCH:


Retransmission:


ACK:


NACK:


...


DRX pattern:


Best effort traffic:



_1252157820.vsd
Receive PDCCH and predefined allocation (optional)


On-Duration AND Inactivity-timer expired?


No


No


Yes


Receive PDCCH if in possible retransmission TTI


Start Inactivity-timer


Yes


Pending DL HARQ retransmissions?


Yes


Next DRX On-Duration starting?


 Timer for waiting DL HARQ retransmissions expired?


No


Yes


Yes


No


PDCCH allocation received?


New transmission?


Yes


No


No


Wait until next DRX On-Duration starts



