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1
Introduction
The general principles of DRX were first agreed in the Stage 2 and later translated into Stage 3 text for the MAC specification. The purpose of this paper is twofold:

1)
Explain the discrepancy there is between the Stage 2 agreements and how they have been captured in the MAC specification – as already notified on the reflector earlier [1];
2)
Highlight some issues with the current Stage 3 text and propose suitable corrections.  
Updates compared to R2-080021 are highlighted in yellow (one DRX retransmission timer per process was found as clearer that having “pending retransmission”).
2
Discrepancy
In the Stage 2, active-time is defined as the “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).” The definition of the inactivity timer is “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).” Although the active-time definition is not restrictive, we believe that the original intention was to completely decouple retransmissions from DRX [3], meaning that if a new transmission occurs while the UE awaits a retransmission only (i.e. neither on-duration nor inactive-timer are active), it will be ignored.
In the Stage 3 however, active-time is defined as the “time that the UE is awake. When DRX is configured by higher layer, this includes the On Duration, the time UE is continuously monitoring the PDCCH while the DRX Inactivity Timer has not expired and the time UE is continuously monitoring the PDCCH while the DRX Retransmission Timer has not expired.” So compared to the Stage 2, the active-time additionally includes the time the UE is waiting for a retransmission. One argument that was mentioned to justify the change is that it makes the pseudo-code easier to write as the UE does not have to ignore new transmissions as long as it has to decode the PDCCH.

Since both approaches allow the UE to sleep during one RTT, we do not have a strong preference for either solution. The definition however has to be clarified and either Stage 2 or Stage 3 needs to be corrected. A text proposal to align the Stage 2 to Stage 3 agreements is given at the end of the contribution for information.

3
Stage 3 text issues
For reference, the pseudo-code for DRX handling is given below with possible issues underlined:
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, the On Duration Timer is started ( first issue.

-
If a DL assignment has been configured for this TTI start the HARQ RTT Timer ( second issue.

-
If the On Duration Timer or DRX Inactivity Timer or DRX Retransmission Timer is running; or

-
if 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  ( second issue.

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

-
start or restart the DRX Inactivity Timer.

-
If the DRX Inactivity Timer expires in this TTI:

-
start DRX Short Cycle Timer if configured;

-
use the short DRX cycle if configured else use the long DRX cycle.

-
If DRX Short Cycle Timer or the On Duration Timer expires in this TTI   ( third issue:

-
use the long DRX cycle.

-
If HARQ RTT Timer expires in this TTI:

-
UE shall start or restart the DRX Retransmission Timer ( fourth issue.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.

3.1
First Issue
When having more than one cycle configured (a short and a long one), one may wonder if on-duration applies to both. Going further into details, we see three possible alternatives:

-
on-duration applies regardless of the DRX cycle;

-
on-duration only applies to one of the DRX cycle;

-
each DRX cycle has its own on-duration defined.

We do not see any justification to increase complexity by adopting something else that the first alternative, which also seems to be the one captured in the MAC specification. 
Proposal 1: only one on-duration is configured and applies to both DRX cycles.
3.2
Second Issue
As it is now written, the HARQ RTT timer is started even if the corresponding DL transmission is successful. Since the expiry of the HARQ RTT timer triggers the DRX retransmission Timer which keeps in turn the UE awake waiting for a retransmission, we believe that the HARQ RTT Timer should only be started when a DL transmission is not successful.
Proposal 2: HARQ RTT Timer is only started when a DL transmission is not successful.

Then what happens when the HARQ RTT timer is already running? If the timer is restarted, we may loose the retransmission for which the timer was initially started (the UE can sleep longer than one RTT). If nothing is done, we may loose the retransmission for that DL process (the UE can sleep earlier). The only solution seems to be the introduction of one timer per process.

Proposal 3: one HARQ RTT timer is defined per process.
3.3
Third Issue

Following the text as it is, whenever on-duration expires, the UE is pushed back to the long cycle. This means that at most, the short DRX cycle can only be valid for one cycle!

Proposal 4: expiry of on-duration does not push the UE back to long cycle always and when a short DRX cycle is configured, only the expiry of the DRX Short Cycle Timer can do that.
3.4
Fourth Issue

The DRX retransmission timer is never stopped, forcing the UE to stay awake even though it is not waiting for any retransmission.
Proposal 5: the DRX retransmission timer is stopped as soon as the last pending retransmission is correctly received.

In the Stage 3 text proposal, “last pending retransmission” is specified through the introduction of one DRX retransmission timer per process.
As a result, once the on-duration and inactivity timers have expired, new data must be sent before the last retransmission always to be taken into account since a successful retransmission 
4
Other Issues

A few other points need to be addressed in the Stage 3 before DRX can be implemented.
4.1
Timing Reference
It needs to be specified how timing is calculated and when a DRX cycle actually begins. For the periodicity, something along the lines of “SFN MOD X” where SFN is on TTI level and X is the DRX cycle in TTI could be used. For the reference, a specific point in time needs to be agreed between eNB and UE through RRC signalling.
4.2
Relation between short and long DRX cycle

To avoid possible desynchronisation between the UE and the eNB (which might be difficult to recover from), the short DRX cycle should be equal to a fraction of the long DRX cycle e.g. n * short DRX cycle = the long DRX cycle or short DRX = long DRX cycle MOD y, so that regardless of which DRX cycle is in use at the UE or eNB side, there are always fixed points in time (long DRX) which are always synchronised between the two entities and communication can always be initiated. To do so, two alternatives are possible:

1) 
The set of values that is used to configure the cycles is built around the relation Un+1 = α * Un e.g. 5, 10, 20, 40, 80, 160, 320, 640ms…

2)
 Short DRX is always signalled as as 1/n * long cycle (we cannot signal long = n*short since short is optional)

5
Conclusion
A discrepancy between the active time definition of Stage 2 and Stage 3 was highlighted. The difference is whether the UE should be considered as awake or not when waiting for a retransmission.
Three issues regarding DRX were also mentioned and the following proposals were made:

Proposal 1: only one on-duration is configured and applies to both DRX cycles.
Proposal 2: HARQ RTT Timer is only started when the DL transmission is not successful.

Proposal 3: one HARQ RTT timer is defined per process

Proposal 4: expiry of on-duration does not push the UE back to long cycle always and when a short DRX cycle is configured, only the expiry of the DRX Short Cycle Timer can do that.
Proposal 5: the DRX retransmission timer is stopped as soon as the last pending retransmission is correctly received.
A text proposal to align the Stage 2 to Stage, and a text proposal to capture the proposals made above are given below.
In addition, the timing reference and relation between short and long DRX cycle were discussed. RAN2 should agree on a way forward and in which specification the principles should be captured.
Beginning of Text Proposal to 36.300
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 EMM-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 UE may omit measurements of neighbouring cells when the DRX interval is above a threshold and if the radio quality of the serving cell is above another threshold. To configure this behaviour in the UE, the two thresholds may be indicated by the eNB;
-
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 to read the PDCCH for possible retransmissions and/or ACK/NAK signalling 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, periodic 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, the time UE is performing continuous reception while the inactivity timer has not expired and the time UE is performing continuous reception while waiting for a DL retransmission after one HARQ RTT. 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 (so that when the UE is waiting for one retransmission only, it does not have to be “awake” during the RTT).

-
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.
End of Text Proposal
Beginning of Text Proposal to 36.321
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Active Time: time that the UE is awake. When DRX is configured by higher layer, this includes the On Duration, the time UE is continuously monitoring the PDCCH while the DRX Inactivity Timer has not expired and the time UE is continuously monitoring the PDCCH while the DRX Retransmission Timer has not expired.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below).
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Figure 3.1-1: DRX Cycle

DRX Inactivity Timer: Specifies the number of consecutive TTIs during which the UE shall monitor the PDCCH after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.

DRX Retransmission Timer: Specifies the maximum number of consecutive TTIs the UE shall monitor the PDCCH for as soon as a DL retransmission is expected by the UE.

DRX Short Cycle Timer: This parameter specifies the number of consecutive TTIs the UE shall follow the short DRX cycle after the DRX Inactivity Timer has expired.

HARQ RTT Timer: This parameter specifies the minimum amount of TTIs before a DL HARQ retransmission is expected by the UE. 

On Duration Timer: Specifies the number of consecutive TTIs during which the UE shall monitor the PDCCH for possible allocations. The On Duration Timer is a part of a DRX Cycle.

RA-RNTI: The Random Access RNTI is used on the [PDCCH] when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random Access preamble.
Next Modified Section
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, the On Duration Timer is started.


-
If the On Duration Timer or DRX Inactivity Timer or any DRX Retransmission Timer is running; or

-
If 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 and if the decoding of the corresponding DL-SCH fails:

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

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

-
Start or restart the DRX Inactivity Timer.
-
If the PDCCH indicates a DL retransmission and if the decoding of the corresponding DL-SCH is successful:

-
Stop the DRX Retransmission Timer for the corresponding process.
-
Else if a DL assignment has been configured for this TTI, and if the decoding of the corresponding DL-SCH fails, start the HARQ RTT Timer for the corresponding HARQ process.
-
If the On Duration and DRX Inactivity Timers have expired or expire in this TTI:
-
Start DRX Short Cycle Timer if configured;

-
Use the short DRX cycle if configured else use the long DRX cycle.

-
If DRX Short Cycle Timer expires in this TTI:

-
Use the long DRX cycle.

-
If one HARQ RTT Timer expires in this TTI:

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

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.

End of Text Proposal
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