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1
Introduction

In [1] we have discussed the E-UTRAN Active mode DRX scheme on a high level. This paper aims at describing the Active mode DRX scheme in more details concerning possible layer division, signalling and HARQ inter-action.  

2
Basics of Active mode DRX
As concluded in [1] Nokia propose an E-UTRAN DRX scheme that is developed as a two layer flexible DRX scheme supporting long DRX intervals with the support of fast and flexible change to short DRX interval when needed. This paper will focus on a more detailed description of the general functionality of the proposed scheme, its possible partitioning and signalling.
In [1] it was proposed that the DRX handling will be split between RRC and MAC as illustrated in Table 1. RRC would be handling the high layer DRX interval while MAC would be handling the flexible changes in the DRX.
Table 1. Active mode DRX control signalling
	
	RRC
	MAC

	Regular DRX control
	X
	

	Interim DRX control
	
	X


RRC layer DRX will be based on the regularity of the basic connection requirements, which means it can be regarded as regular DRX ensuring the requirements of the connection. We therefore name it regular DRX and it is determined in the eNB. UE will know about which regular DRX to apply through RRC signalling. That is, when UE enters Active mode, one of the RRC parameters delivered to UE will be the regular DRX parameters to be applied in Active mode. While in Active mode the eNB can at any point in time change the regular DRX parameters used by the UE through RRC signalling. This is illustrated in Figure 1.
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Figure 1: RRC signalling for regular DRX
MAC layer DRX is proposed to be handling fast and flexible (irregular) changes needed in order e.g. to instantaneous increase of data throughput. As the MAC layer DRX is seen as temporary we name it interim DRX. The interim DRX settings are also determined in the eNB. UE will know which interim DRX parameters to apply through MAC signalling. When UE receives MAC signalling from eNB this may include signalling concerning interim DRX. When received at UE side the UE shall apply the Interim DRX according to network instructions. This is illustrated in figure 2.


[image: image2]
Figure 2: Assignment of interim DRX parameters
Applying interim DRX does not affect the regular DRX interval. When UE no longer applies interim DRX it will resume regular DRX. This is illustrated in figure 3.
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Figure 1: Illustration of regular and interim DRX control signalling and functionality

3
Active Mode DRX Features
In this section the focus will be aimed at looking at the more general behaviour and features of the E-UTRAN Active mode DRX scheme. Besides this also the DRX scheme and HARQ inter-action will briefly be discussed.
3.1
General features
As mentioned in [1] one aim of the proposed Active mode DRX scheme is to allow for good power saving capabilitites in Active mode, basically allowing for similar power saving scheme in Active as in Idle. Having same power consumption in Active and Idlle is of course not possible in reality. There is e.g. the matter of mobility which in Active mode will be handled through network controlled UE assisted handover (HO) procedure. This approach will of course be more power consuming than regular Idle mode UE autonomous cell reselection.
The proposed Active mode DRX scheme does not as such limit the maximum DRX interval. This may be a system specific parameters if seen necessary. As the proposed scheme supports long DRX intervals it also support DRX intervals similar to those used in Idle. Additionally the scheme does not restrict the DRX interval in interval steps, step size or granularity.
As the proposed scheme support use of long DRX, loss of UL synchronisation in Active mode is allowed. As mentioned in [2], [3] it is seen as a possibility to let the UE stay in Active mode without this requiring maintenance of UL synchronisation in this state. UE’s may loose UL synchronisation and this options allows for further possibilities for the network to assign long DRX intervals to UE’s e.g. with infrequent data flow. Drawback here is longer setup times, but this is not seen as a problem as loss of UL synchronisation is anyway an option for UE’s which already have long DRX intervals and long inactivity periods in the data flow.

Being able to apply and use long DRX intervals in Active mode and simultaneously allow for loss of UL synchronisation are in Nokia’s opinion the means to achieve the goal of providing similar power saving capabilities in LTE Active mode as in LTE Idle mode. Providing these options may then lead to the result that UE’s can stay in Active state for long periods of time – thereby reducing the signalling load introduced by frequent Idle-Active-Idle transitions.
3.2
MAC layer handling of Active mode interim DRX
It is proposed that regular DRX signalling is handled through robust RRC signalling. The main reason is that RRC signalling is protected both by HARQ re-transmisson and the fact that reception of RRC network commands and requests on UE side are assured by a confirmation messages from the UE. This robust signalling is very suitable for the regular DRX which is seen as a semi-static parameter not changing very frequently. Also regular DRX serves as fallback DRX interval assuring constant DRX synchronisation between network and UE.

The drawback of the RRC signalling, and the reason why it is proposed not to be used for signalling interim DRX parameters, is the relative slowness of the signalling. Using RRC signalling would also introduce some additional problems in initial assignment of interim DRX.
Therefore we propose to use MAC signalling for signalling interim DRX parameters. Using MAC signalling provides means for fast assignment of interim DRX parameters without an explicit confirmation message from UE to network. HARQ acknowledgement of correctly received packet can used as confirm message.
Using MAC signalling also provides an easier way to end the interim DRX assignment period. An example of an easy approach could be to indicate ending of interim DRX period by indicating that all data has been transferred. This again means that there would not be a need for RRC control signalling including confirmation message from UE.

3.3
Active mode DRX and HARQ procedures
As we have explained earlier in this paper we see that the regular DRX is controlled by RRC at the eNB and signalled to UE using RRC control signalling. Interim DRX is as well determined and controlled by eNB, but handled using MAC signalling.
In the proposed DRX scheme we see that the DRX procedure in general is independent from the HARQ procedure. This means that the HARQ re-transmissions are not limited to be scheduled through neither regular DRX nor interim DRX scheduling.

The reason for handling scheduling of HARQ re-transmissions outside regular and interim DRX scheduling is:

1) If using regular DRX scheduling also for scheduling HARQ re-transmissions the re-transmissions may either be unnecessary delayed e.g. due to long regular DRX interval, or scheduling of HARQ re-transmissions would put a limit on or decrease the possible length of the regular DRX interval.

2) If using interim DRX scheduling for HARQ re-tranmissions this may cause serious problems if the initial assignment of the interim DRX parameters fails and therefore would need HARQ re-transmissions. This is further illustrated in the error case analysis in the appendix.
Based on above argument we propose as a general rule to have the scheduling procedure for HARQ re-transmission and the procedure for transmissions using scheduled DRX (regular and interim) as separate procedures.

4
Conclusions

In this paper we have described the more detailed layout of the two layer E-UTRAN Active mode DRX scheme. Proposal for layer handling was given as well as the schemes robustness against certain errors was discussed. Finally it was highlighted that the DRX scheme and the HARQ procedure should be handled as separate procedures.
5
Text proposal to TS
As the proposed DRX scheme includes functionilaty on both MAC and RRC we propose to add a new section to the TS in order to keep the functionality split clear.
11
Active Mode DRX
In order to support reliability and flexibility, while at the same time offer good and efficient power saving possibilities on the UE side, a two layer DRX approach is used in active mode. 

Based on the basic features needed for the E-UTRAN Active mode [25.913], active mode DRX procedure is defined as a two layer flexible DRX scheme supporting long DRX intervals with the support of fast and flexible change to short DRX interval when needed.
Using first layer DRX the NW is commanding the UE to use a basic regular DRX interval based on the current connection requirements. Second layer DRX is used for flexible and fast interim changes to the regular DRX interval, allowing the network improved resource allocation possibilities towards the UE. 
11.1
Regular DRX
NW is responsible for assigning DRX to UE who will apply the assigned parameters. Assignment of Regular DRX is handled using RRC signalling. Regular DRX serves as well as fallback DRX interval in case of error in assignment of interim DRX, assuring constant DRX synchronisation between network and UE. Regular DRX can be changed at any time in Active mode using RRC signalling.
11.2
Interim DRX

MAC signalling is used for assigning interim DRX parameters. Assignment of interim DRX parameters is done without an explicit confirmation message from UE to network. HARQ acknowledgement of correctly received packet is used as confirmation message. MAC signalling is also used to end the interim DRX assignment period.
11.3
HARQ and DRX
The DRX used for new data scheduling is in general is independent from the scheduling used for the HARQ re-transmission procedure. The HARQ re-transmissions are not limited to be scheduled through neither regular DRX nor interim DRX scheduling.
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Appendix A

In this appendix the focus will be aimed at analysing how the proposed DRX scheme behaves under specific error conditions. The section will include looking at the impact on interim DRX signalling errors like nack-ack error and DTX-ack error.
Regular DRX is handled through robust RRC signalling which is protected by HARQ and reception of network commands and requests are assured by confirmation messages from the UE. Interim DRX on the other hand is proposed to handled through MAC signalling which is only be protected by HARQ re-transmission scheme.
A.1
Subsection 1

Below we look at what happens with assignment of interim DRX in cases where NACK->ACK error occurs (illustrated in figure 3):
The nack-ack error is illustrated in figure 3.
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Figure 3: Simplified illustration of NACK-ACK error in connection with assignment of interim DRX

As is seen from the figure the UE does not apply interim DRX as the UE did not receive the interim DRX information contained in the MAC header. As the network on the other hand received an ack for the package the network will assume that the UE applies the interim DRX and will be scheduling accordingly. As network does not receive any HARQ feedback from the UE from the transmitted data scheduled through the interim DRX scheduling, the network can deduct that the UE has not taken the interim DRX into use and can therefore suspend further data scheduling. Impact here is loss of DL data and thereby losses in DL air interface resources.

Secondly we look at what happens with assignment of interim DRX in cases where DTX-ACK error happens. This is illustrated in figure 4.
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Figure 4: Simplified illustration of DTX-ACK error in connection with assignment of interimg DRX
This situation occurs e.g. when UE is not able to decode downlink resource allocation information correctly and thereby assume that no allocations have been assigned. Network on the other hand expects the UE to receive the resource assignment, the allocation and data and will expect HARQ feedback. UE will not send any HARQ feedback, but network erroneously interpret the missing feedback as an ack. As can be seen the result of this error resembles the result of a nack-ack error.

Finally we will take a look with assignment of interim DRX in case where ack-nack error happens. This is illustrated in figure 5.
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Figure 5: Simplified illustration of ACK-NACK error in connection with assignment of interim DRX
In this case the UE will apply the interim DRX as it received the data and MAC signalling correct. eNB on the other hand will not apply interim DRX scheduling as it received nack from the UE on the transmitted data and received no further succesfull feedback from the UE on the subsequent retransmitted data. At interim DRX timeout the UE will receive downlink resource assignment message, noticing that it is not addressed. Impact of this error type is UE power consumption increase, but no loss of air interface resources.
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