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1
Introduction

In this paper we would like to contribute the Nokia and Nokia Siemens Network view on the currently agreed requirements for DRX in RRC_CONNECTED as captured in latest version of 3GPP 36.300 and try to look a bit further on the detailed functionality.  

2
Walk through of current status
Currently section 12 of 36.300 includes the textual requirements for DRX in RRC_CONNECTED mode. As well known from the discussion DRX in RRC_CONNECTED mode is used for enabling reasonable power consumption for UE’s in RRC_CONNECTED mode. Enabling this will help to ensure that UE’s can stay in RRC_CONNECTED for longer time periods without severe penalty in UE battery life, improving the user experience, and additionally save state transition changes from RRC_CONNECTED to RRC_IDLE and opposite.
2.1
Discussion on general behaviour
Annex A includes the current agreed text from 36.300. Referring to this text next it is our view that by using a per-UE mechanism is a straight forward and simple approach which keeps the overall DRX concept complexity low. By not introducing any MAC state to distinguish between levels of DRX again helps in keeping complexity low taking into account also testing.
By supporting DRX values ranging from short (non-DRX) to long helps in UE power saving possibilities while still ensuring the possible for good scheduling options. We believe the long DRX values could be up to several seconds e.g. in the same order as idle mode paging interval. Having said this we also firmly believe that the measurement and reporting criteria should differ according to the currently used DRX interval. This will help in ensuring the UE power saving possibilities in RRC_CONNECTED mode. RAN4 is expected to take this into account when setting the performance requirements.

As for having a threshold option for leaving out measuring of neighbour cells it might be that there is a link to DRX settings. As this requirement mostly concerns measurements and measurement settings, and perhaps to a minor extend DRX, we propose to move the requirement from the section concerning DRX to a more appropriate section concerning e.g. [1] 10.1.3.1 concerning Intra-frequency neighbour (cell) measurements.

Using first available RACH opportunity to initiate access for sending an UL measurement report is a good approach and will ensure minimizing the delay in sending measurement reports to network. We see RACH used for accessing and requesting resources for transmission of the measurement report rather than used for transmitting a measurement report.
Having UE entering non-DRX or short DRX immediately after measurement report transmission enables the network to be able to transmit a possible handover command to UE when needed with a minimum delay. This is a good approach that will aid in achieving more smooth mobility. The actual settings of DRX value and how long time the UE shall apply the DRX value, is seen as a network configuration issue which may be broadcasted e.g. on cell level if dedicated signalling is not used e.g. interim DRX.

In order to enable further good UE power saving capabilities we believe that additionally to UL HARQ being independent from the DRX operation we also see the DL decoupling as being important. We therefore propose this as being the working assumption and therefore remove the stated FFS.
Usage of a short ‘on-duration’ per DRX occasion in order to enable more scheduling freedom in eNB is seen as a good compromise between UE power consumption and network packet schedulers need for flexibility. For improved UE power saving the ‘on-duration’ could be set as being relative short but always configured by network.
When DRX is configured in RRC-CONNECTED mode then both seen from a UE power saving capability view and eNB scheduling view [6], it seems like a good approach and functionality that CQI reports can only be sent by UE during the ‘on-duration’. Otherwise it would destroy the meaning of the DRX functionality and have significant impact on possible UE power savings during DRX.
Using a general per cell defined timer for governing the validity time for UL synchronisation is a simple and well working approach. There could be a natural link between the length of the UL synchronisation validity and the DRX which might make it sensible to bundle the information into same information element. As this functionality is now already captured [1] section 10.1.2.7 concerning UL synchronisation it needs no longer to be mentioned in section.
2.2       Functionality discussion

As for the general description and behaviour concerning the overall functionality of the DRX for NRT this seems to be able to provide the tools for a DRX scheme in RRC_CONNECTED mode which enables good power saving possibilities for UE’s. As stated in our earlier contributions [2 - 6] we see the use of a two layer DRX scheme combined with above additional improvements listed above as a key to enable good power saving possibilities for UE’s in RRC-CONNECTED mode. RRC-CONNECTED mode DRX with use of ‘on-duration’ gives good flexibility for scheduler while allowing possible power savings. By use of explicit or implicit signalling for having the UE to enter another predetermined DRX cycle opens for a simple way to allow for additional scheduler freedom while at the same time decrease possible scheduling delay in case scheduling is not done in a continuous manner.
3
Signalling of DRX settings
Naming and signalling are still open issues in the RRC_CONNECTED mode DRX. Although many options exist we think that at least it would be beneficial to have more concrete naming settled in order to ease later discussions.

3.1


Naming used in DRX
As stated in earlier contributions [2 - 5] we believe that the high level DRX cycle basically will given by the requirements of the current connection. Naming of this high level DRX as Initial DRX is good and now captured in 36.300. In order to ease later discussions we could propose renaming the ‘predefined cycle’ to a more informative name as e.g. ‘interim cycle’ as it is used by the eNB scheduler as an interim solution for ensuring possible faster scheduling possibilities when e.g. Initial DRX cycle is long.
3.2
One step VS multiple steps of pre-defined DRX
We see the determination of assigned Initial DRX based on connection requirements. These changes over time and we see it as an internal network algorithm which need not to be specified in 3GPP. As mentioned in our earlier contributions we see the Initial DRX configured using RRC signalling due to reliability and the importance of ensuring that the Initial DRX value is synchronised between UE and eNB.
Setting Interim DRX by use of MAC control header signalling has been promoted in our contributions [2 - 5]. Including the actual settings in the MAC payload seems like a good solution.

As for UE autonomously re-entering a pre-defined DRX cycle after not having received any allocation for a given time is seen as one possible solution – although we also see the benefit for allowing the network to directly indicate the UE that it shall re-enter DRX. This last option could potentially be included in the MAC signalling option.
The benefit from the autonomous option is e.g. that no signalling is needed while it seems less optimal when looking at power savings as it might lead to unnecessary high UE activity when this might not be needed. Combining this with the proposed option of applying the autonomous approach using multiple steps for leading the UE back to the Initial DRX should be carefully discussed, taking into account the scheduler freedom and the impact on UE power consumption. Also complexity should be considered and possible testing effort.
3.2
Setting and signalling of pre-defined DRX

We would like to see an efficient but yet simple DRX operation. For this purpose we have been proposing a two level DRX approach which we feel should be able to add the needed freedom while ensuring the possibility to take the UE power consumption into account. Assignment of which parameters to apply for the pre-defined cycle might be done in a flexible yet safe way e.g. by using parameters already known by both UE and network as a base for configuration.
Examples to be applied here could be to use e.g. the Initial DRX value as a base and then only configure a modulus division the Initial DRX for calculating the pre-defined DRX cycle.
4
Conclusions and Text Proposal
We conclude from our paper that we generally agree on the current text concerning DRX in RRC-CONNECTED mode as captured in current version of 36.300. According to above discussion we would like to see a few minor clarifications to the section. These are captured below:
Beginning of Text Proposal
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;


-
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 e.g. DRX cycle and time period for applying it, would be pre-configured by the eNB;

-
HARQ operation related to UL and DL data transmission is independent of DRX operation. 
-
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”;


For NRT services, during the “on-duration”, if the UE cannot find an allocation, it reenters DRX (hereafter referred to as initial DRX). However, if the L1/L2 control signalling signals an allocation to the UE, the UE enters non-DRX mode:

-
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 after not receiving any allocation for a given duration. 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 or by successive steps (FFS).
Next Modified Section
The part concerning measurements is proposed to be moved to section 10.1.3.1, 
while the part concerning timing advance is already captured in section 10.1.2.7
10.1.3.1
Neighbour cell measurements within the serving frequency layer

In a system with frequency reuse = 1, mobility within the same frequency layer (i.e. between cells with the same carrier frequency) is predominant. Good neighbour cell measurements are needed for cells that have the same carrier frequency as the serving cell in order to ensure good mobility support and easy network deployment. Search for neighbour cells with the same carrier frequency as the serving cell, and measurements of the relevant quantities for identified cells are needed.
NOTE:
To avoid UE activity outside the DRX/DTX cycle, the reporting criteria for neighbour cell measurements should match the used DRX/DTX cycle.
NOTE: 
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;
End of Text Proposal
Finally we would like to propose to discuss the real need and possible consequences for having multiple steps of predefined cycles for bringing UE back to Initial DRX.
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Annex A


3GPP 36.300 Section 12

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. Detailed values are FFS;

-
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 UL data transmission is independent of DRX operation. Whether HARQ operation of DL data is independent of DRX operation is FFS;

-
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

For NRT services, during the “on-duration”, if the UE cannot find an allocation, it reenters DRX (hereafter referred to as initial DRX). However, if the L1/L2 control signalling signals an allocation to the UE, the UE enters non-DRX mode:

-
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 after not receiving any allocation for a given duration. 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 or by successive steps (FFS).

