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1 Introduction

DRX operation for the connected UEs has been discussed to resolve many issues. This contribution proposes new terminologies and addresses number of open issues on DRX operation, that have not been discussed yet.
2 Terminologies
Followings are defined in 36.300.

-
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. 

-
Active-time: 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).

To make the picture complete, number of additional definitions should be made.
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Figure 1: DRX operation
-
Active period: The period during when the UE is awake. ‘awake’ means that Rx circuit is turned on to receive PDCCH.
-
Active period starting point: The point of time when an active period starts.
-
Sleep period: The period during when the UE is not required to receive PDCCH. UE can do other tasks e.g. inter-freqeuncy/inter-RAT measurement during the sleep period. 
-
DRX cycle length: The distance between two consecutive active period starting points. 
3 Open issues
How to determine the ‘active period starting point’? 
It could be done in the similar way that paging occasions are calculated in UMTS, in which UE identity and DRX cycle length are put into the fomula to output a series of integers. For ENB to control the distribution of ‘active period starting point’, C-RNTI could be the better choice as the UE identity input. 
active period starting points = C-RNTI mod DRX cycle length + n * DRX cycle length, where n = 0, 1, 2 .. as long as SFN is below its maximum value.
How many DRX cycle lengths per UE?
In general packets arrive randomly, meaning that one can not estimate exactly when the next packet will come. Therefore DRX cycle length should be chosen such that it meets the most strict delay requirement of the RBs configured in UE. Table 1 shows examples of DRX cycle length configurations based on the RB combinations. 
<Table 1> Examples on DRX cycle length configuration
	Service combinations [the value within the blanket is the delay requirement]
	DRX cycle length

	VoIP [50 msec], SIP signaling [200 msec]
	10 msecnote 1

	FTP [500 msec], SIP signaling [200 msec], SRB [?]
	200 msec

	Video streaming [500 msec], SRB [?]
	500 msec

	Presence service [1sec], SRB [?]
	1 sec


Note 1: In VoIP, the DRX cycle length should be chosen based on the persistent scheduling operation instead of delay requirement
Because the DRX cycle length should be chosen short enough to serve the most delay sensitive traffic in the given moment, we believe only one DRX level is enough. However, particular services like web-browsing have a specific traffic pattern that data arrives much more frequently during a certain period (downloading phase) than the other period (reading phase). It might be useful for such a service to have two DRX cycle lengths, shorter one for the downloading phase and the other longer one for the reading phase. Because the DRX cycle lengths are determined based on the delay requirements which is not varying during the session, we also believe it does not need to be dynamically updated during a life time of a radio bearer.
It is proposed to allow at most two DRX cycle lengths per UE that are configured during a radio bearer setup phase.
DRX cycle length adaptation via MAC control signaling?
One proposal being discussed in RAN2 is to adjust the DRX cycle length value by the MAC control message dynamically. The basic assumption behind this seems that the most optimum DRX length value is dynamic and can be estimated by the ENB. We believe that the optimum DRX cycle length is mainly the function of the delay requirements of the services that UE is running at the moment. The instantaneous traffic pattern wouldn’t tell valuable information on the optimum DRX cycle length because it is likely to be too dynamic. We don’t see any scenario where ENB decides the optimum DRX length value dynamically based on whatever information available to it. 
It is proposed to signal all the DRX cycle length values via RRC signaling during a radio bearer setup phase. 
How to behave when UE has UL data to send?

The issues has not bee discussed in general perspective. We think it is not acceptable to force UE to wait until the next active period before initiating the procedure for the uplink user data transmission. UE should send SR at the closet SRCH occasion, and should stay in active period until the last UL data is successfully transmitted. After having transmitted the last UL data, UE should switch back to the sleep period. One thing to note is that the uplink transmission is very likely to cause the downlink transmission. For example, the last data from RLC AM will cause the DL RLC STATUS REPORT. If the data is from RRC, it is very likely that the DL RRC message will occur in the near future. Therefore it might be useful to stay in the active period for a short time after the UL data transmission is completed.
It is proposed to suspend the DRX operation during the uplink data transmission and during a short time after the uplink data transmission is completed. 
4 Proposal

It is proposed to approve the attached text proposal for 36.300.

====================== Text Proposal ============================================

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 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;

-
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 uses first available RACH/SRCH 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;

-
Irrespective of DRX, UE can starts uplink data transmission; 
-
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 PDCCHs 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;
- 
DRX values e.g. DRX cycle lengths are configured and reconfigured by RRC signalnig ;

-
There are at most two DRX cycle lengths per UE at a time. 
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. 

-
active-time: 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).
-
active period : The period during when the UE is awake. ‘awake’ means that Rx circuit is turned on to receive PDCCH.

-
active period starting point : The point of time when a  active period starts.

-
sleep period : The period during when UE is not required to receive PDCCH. UE can do other tasks e.g. inter-freqeuncy/inter-RAT measurement instead of decoding PDCCH during the period.

-
DRX cycle length : The distance between two consecutive active period starting points. 
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;
- 
DRX cycle lengths are configured and updated by RRC;  
-
active period starting points are calculated from the following fomula;

active period starting points = C-RNTI mod DRX cycle length + n * DRX cycle length, where n = 0, 1, 2 .. as long as SFN is below its maximum value.
-
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.

-
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, 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; 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.
-
Irrespective of DRX state, the UE shall read the PDCCH to support adaptive HARQ for uplink transmissions and the inactivity timer shall not be started in case of a successful decode of the PDCCH for uplink transmissions i.e. the uplink adaptive synchronous retransmissions shall not affect DRX state of the UE. 

-
Irrespective of DRX state, the UE shall start the uplink data transmission at the earliest moment when uplink data arrives to UE; 

-
UE  commence the uplink data transmission procedure at the next RACH/SRCH opportunity. 
-
During the uplink data transmission, UE suspends the DRX operation;

-
After the uplink data transmission is completed, UE monitors PDCCHs for possible allocations during a predefined time interval; 

-
If not scheduled during the time interval, UE resumes DRX operations;
-
If scheduled during the time interval, UE starts the inactivity timer.
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