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Discussion and Decision

1
Introduction
E-UTRAN has introduced the possibility to use DRX in RRC-CONNECTED mode in order to enable competitive UE power savings. Current agreements are captured in [1] [2] and introduce the possibility of utilizing DRX cycles ranging from non-DRX (DRX disabled) to DRX cycle lengths equal to those used in RRC-IDLE.
In this paper we would like to discuss some further details on DRX covering a proposed algorithm for UE determination of the DRX timeout instance and how to enable exact and synchronised DRX timeouts between the eNB and the UE. Additionally some parameters needed to ensure synchronised DRX behaviour between eNB and UE is discussed.
A text proposal to 36.321 section 5.7 concerning DRX is also included.

2
Determination of DRX Cycle(s)
The basic outline of DRX in RRC-CONNECTED mode is given in [2]. There the behaviour of a UE which has been configured with DRX is explained. Among other things, it is stated that:

Whenever a new DRX Cycle begins (long or short), the On Duration Timer is started
But so far the actual definition of how to determine when a new DRX cycle begins has not been defined - an issue which has already been raised in [3].

In its simplest form, the DRX cycle can be based on SFN:

DRX cycle start: [(SFN * 10) + subframe number] modulo (current DRX) = φ
Where:

-
[(SFN * 10) + subframe number] results in TTI level DRX resolution and is calculated per TTI
-
φ is UE specific, and represents the phase (distribution) part of the algorithm ranging [0; Min(Initial DRX, short DRX)-1] 
Above algorithm would require the DRX cycle and φ to be signalled to the UE.
NOTE:
φ is equivalent to the DRX Start Offset as proposed by the editors.
3
Synchronised DRX starting point
If the network wants to change some DRX parameters, it important that both eNB and UE take the new parameters into account at the same time to ensure continuous synchronisation. A reliable procedure for changing DRX parameters that has the benefit of being simple is to rely on the combination of RRC signalling and activation time. RRC signalling is very robust and combined with a starting time, it will be able to cover all possible signalling errors. In other words, eNB and UE are guaranteed to have the same understanding of which DRX parameters to use.
4
Conclusion
We propose following algorithm to be used for determining DRX:

DRX cycle start: [(SFN * 10) + subframe number] modulo (current DRX) = φ
Where:

-
[(SFN * 10) + subframe number] results in TTI level DRX resolution and is calculated per TTI

-
φ is UE specific, and represents the phase (distribution) part of the algorithm ranging [0; Min(Initial DRX, short DRX)-1] 

In addition, for DRX reconfiguration, we propose a method in which the UE is assigned a starting time (when to apply the new parameters) which is long enough to handle possible signalling errors.
Beginning of Text Proposal

5.7
Discontinuous Reception (DRX)

The UE may be configured [by RRC/MAC] with a DRX functionality that allows it to stop monitoring PDCCH during some period of time.

The DRX functionality consists of a Long DRX cycle, a DRX Inactivity 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 has been configured, the UE shall for each TTI:

-
Whenever a new DRX Cycle begins (long or short) i.e. whenever [(SFN * 10) + subframe number] modulo (current DRX) = DRX Start Offset, the On Duration Timer is started.

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

-
UE shall start the DRX Retransmission Timer for the corresponding HARQ process

-
If the On Duration Timer or DRX Inactivity Timer or any DRX Retransmission Timer is running or an UL grant for a retransmission can occur:

-
UE shall monitor the PDCCH;

-
if the PDCCH is successfully decoded:

-
if the PDCCH indicates a DL transmission:

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

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

-
If On Duration Timer or DRX Inactivity Timer is running and the PDCCH indicates a new transmission (DL or UL):

-
start or restart the DRX Inactivity Timer.

-
If a DL assignment has been configured for this TTI and no PDCCH indicating a DL transmission was successfully decoded:

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

-
If the DRX Inactivity Timer expires in this TTI:

-
if the short DRX cycle is configured:

-
start DRX Short Cycle Timer;

-
use the short DRX cycle;

-
else use the long DRX cycle.

-
If DRX Short Cycle Timer expires in this TTI:

-
use the long DRX cycle.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
Editor’s note: When the HARQ RTT Timer exactly starts with respect to the On Duration is FFS

Editor’s note: The UE behaviour in case both the On Duration and the DRX Inactivity Timers expire in the same TTI is FFS.

End of Text Proposal
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