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1
Introduction

During the previous RAN2#56bis meeting in Sorrento, RAN2 agreed on the independency between DRX control and HARQ operation as follows: 
-
HARQ operation related to UL data transmission is independent of DRX operation. Whether HARQ operation of DL data is independent of DRX operation is FFS;

It is still left FFS whether the HARQ operation of DL data should be independent from DRX operation. In this contribution, we investigate issues related to this independency and propose a way forward.
2 Discussion
Figure 1 illustrates the problem of interaction between DRX and downlink HARQ operation. Let assume the UE is in DRX operation and a downlink packet has been arrived to eNB during a sleep duration. At this moment of time, eNB has to wait until the next wake-up timing of UE before transmitting the downlink packet. To transmit a downlink packet to UE in DRX operation, we could consider the following four alternatives:

-
Alternative 1: the configured DRX operation shall be cancelled whenever UE receives a VoIP downlink packet.

-
Alternative 2: eNB tries to complete the HARQ transmission within the configured on duration.

-
Alternative 3: the HARQ transmission is continued across DRX interval 
-
Alternative 4: the on-duration can be temporally extended to allow the HARQ termination.
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Figure 1: DRX and downlink HARQ interaction
The alternative 1 could be simplest solution since DRX operation is simply being reset at every arrival of downlink packet. When the downlink transmission is being completed, then eNB can put the UE back in DRX operation. For a downlink traffic with some burst nature, this alternative could work well since there may be more incoming downlink packets followed by the first downlink packet. And this alternative has been agreed for NRT handling. If we consider this option to be used for VoIP, eNB has to signal UE to put back to the DRX for every VoIP packet transmission which is not so efficient option from signalling point of view.
The alternative 2 allows the DRX operation intact on the occurrence of downlink packet transmission. Hence this alternative would be useful if the traffic is of a sporadic nature (e.g. some periodic updates). However the problem of this alternative is the possible radio resource waste in order to complete the HARQ transmission within the configured on-duration. If we consider this option to be used for VoIP, the HARQ operation point should be set as 10% to make it sure the transmission can be completed within the on-duration and hence impacting the VoIP capacity.
The alternative 3 could be a simple extension of alternative 2 so that HARQ transmission can be continued across DRX interval. Radio resource waste could be relaxed but this alternative could have impact on downlink packet delivery latency if the configured DRX interval is long such as over 100 msec. With a short DRX interval, however, this alternative needs more careful study. As for VoIP, this option may relax the required transmission power setting requirement since more than 2 retransmissions can be supported but that will introduce un-acceptable U plane delay. 
The alternative 4 could be also simple extension of alternative 2 and this could be useful for the long DRX interval cases. In this alternative, the DRX operation can be left untouched by the downlink packet transmission activity as per alternative 2 and 3. The radio resource waste of alternative 2 can be also resolved since the on-duration is extended as HARQ operation still on-going. Also the packet latency problem of alternative 3 can be also avoided as well for the long DRX interval cases.
	
	Alternative 1

UE goes to fully active upon reception of downlink packet
	Alternative 2

eNB tries to complete HARQ within on duration
	Alternative 3

eNB continues HARQ across DRX interval
	Alternative 4

on-duration is temporally extended until HARQ termination

	Suitable traffic class
	Burst traffic, e.g. web browsing
	Sporadic traffic, e.g. periodic updates
	Sporadic traffic, e.g. periodic updates
	Streaming traffic, e.g. VoIP


Table 1: DRX and downlink HARQ interaction, alternatives and suitable traffic class
3 Conclusion
In this contribution, we considered the problem of interaction between DRX operation and downlink HARQ operation. We proposed four alternatives and showed our view on each alternative especially from efficiency of VoIP traffic point of view. From our initial observation, it is felt the same independency principle of uplink HARQ and DRX should be considered for downlink as well. 
-
HARQ operation related to DL data transmission is independent of DRX operation.
-
on-duration is temporally extended until HARQ process is terminated. 
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Annex: Detail of Alternative 4

This section describes an operation of adaptive control scheme. In general, the DRX interval is specified by signalling. Thus, the summation of on-duration and sleep duration are fixed. If the HARQ process is finished before the end of on-duration, there are no longer any data to be received in UE. This means the power saving will be achieved in such a case if the reception is stopped after sending ACK. Or if the HARQ process is not finished before the end of on-duration, the UE cannot receive the data until the next on-duration. This means that the delay will be larger since the on-duration is finished. Therefore, in order to avoid these situations the interaction between DRX and HARQ process should be discussed. We would like to propose to introduce the adaptive control of on-duration. The concept is whether the reception is to be continued or stopped according to the HARQ status.
The minimum and the maximum on-duration are introduced for UE. The minimum and the maximum Tx duration are also introduce for eNB. Tx duration here means the duration defined in eNB corresponding to on-duration in UE, i.e. the start/end of Tx duration is linked to the start/end of on-duration. UE and eNB sets the minimum on-duration and the minimum Tx duration, respectively. If UE cannot receive the data correctly within the minimum on-duration, the on-duration is increased with pre-determined period. Then, if eNB receives the NACK from the UE, the Tx duration is increased. The extension of on-duration is repeated until the maximum on-duration while the number of HARQ retransmission is less than the maximum number. UE can stop the reception in case of reporting ACK before the on-duration is finished and eNB stops to retransmit when the ACK is received. The figure1 shows the example in case that the on-duration is extended once. Figure2 shows the example in case that the updated on-duration is longer than the maximum on-duration.
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Figure 2: Example of extension with one update
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Figure 3: Example of termination to extend on-duration
Therefore, if the minimum and maximum on-durations are introduced, the on-duration in DRX can be shorter by stopping the Rx process after transmission of the ACK. This leads the power saving for UE. And since the on-duration can be increased while the HARQ retransmission limit does not reach the maximum number, the delay will be reduced.















