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1.
Introduction
In previous meeting, some principles as following were agreed for the DRX operation. 
· Per UE DRX mechanism; potential optimisations of e.g. “periodic” RB (e.g. streaming) mixed with a-periodic NRT RB to be studied later.
· One or Two (TBD) step DRX mechanism: DRX2 & DRX1, allocated by RRC; from DRX2 UEs goes to DRX1 (criteria tbd), from DRX1 to continuous (criteria tbc), then back to DRX1 (criteria tbd), then back to DRX2 (criteria tbd)
· Main difference is between 2 types of solution:
· Implicit transitions (timers & normal L1/L2 control signalling); rrc config Or 
· Explicit transitions, MAC controlled
In this contribution, DRX mechanism is further elaborated based on the above agreement. 
2.
DRX for Non Real-Time service
2.1 Consideration
2.1.1 Downlink Traffic
One of main applications in LTE will be I/B services. For web-browsing service, normally the eNB wants to move the UE into sleep mode as soon as the eNB’s DL buffer is emptied. This will maximize the UE battery time because unnecessary monitoring time by UE can be reduced. But in reality, there are many packets of late arrival. The reason for the late arrival can be different web servers, different delivery paths, parsing delay, separate TCP connections, etc. What this means is that the decision of eNB to move the UE into sleep mode once its buffer is emptied can often be wrong decision. If this late packet is delivered at the next wake-up time of long DRX, the user experience will degrade.
In this typical scenario above, it may be useful to have a period to confirm that the decision to move the UE into deep sleep mode is valid or not. In other words, during the confirmation period, the UE and eNB can make it sure that there is really no more DL data for the UE. If there is no DL data during the confirmation period, the UE goes into deep sleep mode. Or, if there is DL data which can be considered as late packet, the UE exits the confirmation period and prepares for the data reception.
During this confirmation period, for the UE to continuously monitor L1/L2 control channel may be unnecessary because there may be no DL data during this confirmation period. Nevertheless, it is not allowed for the UE not to monitor L1/L2 control channel, because it is against the reason for confirmation period. 
Then, performing DRX with shorter period in this confirmation period is a way forward. I.e, using two different sets of DRX parameter is necessary. Overall, this 2-level DRX provide an efficient mechanism that can meet two requirements. First requirement is to maximize UE battery time and second requirement is to minimize the delay to improve QoS.
2.1.2 Uplink Traffic
Like the case of downlink, if there is uplink data to send in the UE, then it may be better for the UE to transmit continuously. Unless, the total transmission time will be longer and the throughput will be also lower. In other words, until the UL buffer in the UE is empty, the UE should be in ‘Continuous’.

In most case, for the uplink message or traffic, there is a counterpart response message or traffic in downlink. Thus, whenever there is transmission in uplink, it is better for the UE to enter DRX mode with short period or to enter ‘Continuous’. This will shorten the time that the response message or traffic will stay in the eNB buffer.
Accordingly, when UE does not detect its C-RNTI for a certain time period after last UL transmission, it seems better for the UE to move from ‘Continuous’ into ‘DRX1’. 
In DRX1 and DRX2, UE may receive data to send from upper layer. But in DRX1 and DRX2, the UE cannot immediately transmit data in UL. To transmit UL traffic, at least UE should send scheduling request using either RACH or dedicated signaling and has to receive radio resource allocation. So, in DRX1 and DRX2, the UE transits into ‘Continuous’ when it sends scheduling request or when it is allocated with uplink radio resources. 

2.2 Transition 

In the following, the transitions between DRX levels are further discussed. There are three DRX levels: DRX1, DRX2, and Continuous.
2.2.1 from Continuous to DRX1

As discussed above, DRX1 can be used as confirmation period before going into full sleep mode (DRX2). The depletion of data in the eNB’s buffer for the UE can be a good triggering point for the transition. By the way, the depletion of data in eNB can be detected by eNB only. To move the UE into confirmation period fast, it is beneficial for the eNB to send explicit transition command to the UE. 
Conclusion: UE transits from ‘Continuous’ to ‘DRX1’, either

1) When explicit transit command is received from eNB.
2) When no C-RNTI detection over L1/L2 control channel for a certain time after last UL traffic transmission.
2.2.2 from DRX1 to DRX2
During the confirmation period, which is DRX1, the UE wakes up at the configured moment to check L1/L2 control channel. If its C-RNTI is not detected at the wake-up time during DRX1, the UE can safely go into full sleep mode. In this case, sending explicit command to move the UE into DRX2 is not desirable because it just wastes radio resources. Accordingly it may be better to use implicit mechanism such as using timer. More specifically, when the UE moves into DRX1, it starts timer and when the timer expires, the UE moves into DRX2.
Conclusion: UE moves from ‘DRX1’ to ‘DRX2’, when following two conditions are met:

1) C-RNTI is not detected over L1/L2 control channel at wake-up timing defined by DRX1 until the expiry of timer

2) Uplink scheduling request is not sent until the expiry of timer.

2.2.3 from DRX1 to Continuous

On the other hand, if the UE finds its C-RNTI over the L1/L2 control channel at the time of wake-up moment defined by DRX parameter, the UE transits into Continuous to receive DL data. Because the UE does not know what kind of data will be transmitted, detecting its C-RNTI is good trigger to transit into Continuous. 
Conclusion: UE moves from ‘DRX2’ to ‘Continuous’, either

1) When C-RNTI is detected over L1/L2 control channel at wake-up timing defined by DRX1, or

2) When uplink scheduling request is sent.

2.2.4 from DRX2 to DRX1

For non real-time service, it is unclear what the benefit of transition from DRX2 to DRX1 is. If downlink data has arrived at eNB, it may be better for the eNB to finish DL transmission as fast as it can. That is a better way to increase battery time and to enhance QoS. Furthermore, signalling the transition from DRX2 to DRX1 will just waste more radio resources if the UE eventually transits into Continuous. Instead, direct transition from DRX2 to continuous should be used.
Conclusion: Transition from ‘DRX2’ to ‘DRX1’ is not used.
2.2.5 from DRX2 to Continuous 

At DRX2, the UE can maximize battery performance. In DRX2, the UE regularly monitors L1/L2 control channel to know whether there is any DL data waiting for it or not. If the C-RNTI of the UE is detected, the UE moves into Continuous to receive data. If its C-RNTI is not detected at the wake-up time, the UE sleeps until next wake-up instance configured by eNB. 
Conclusion: UE moves from ‘DRX2’ to ‘Continuous’, either

1) When C-RNTI is detected over L1/L2 control channel at wake-up timing defined by DRX2, or

2) When uplink scheduling request is sent.
2.3 Signaling aspect and Sync aspect
To move a UE from one level to another level, explicit signaling can be used. In explicit signaling, either transition indicator or explicit DRX parameter that will be used in the new DRX level can be transmitted. The merit of signaling of new DRX parameter whenever the UE enters into new DRX level is the flexibility and optimal parameter setting. But in reality, the eNB may not be able to decide the optimal parameter whenever it moves the UE into new DRX level. I.e, it may be impossible for the eNB to decide the optimal DRX period for the late packet whose existence is not known at the moment of transition decision.  Rather, the parameter that will be used in ‘DRX1’ and ‘DRX2’ will be almost static during the connection, considering the characteristic of radio bearer and QoS parameter that is informed by CN. Furthermore, transmitting new parameter at every transition causes huge overhead and causes the UE to consume more power due to longer reception.  

Accordingly, the better way is to configure two parameter sets for DRX1 and DRX2 at the time of bearer establishment. And whenever transition into new DRX level is needed, the eNB only transmits indicator that the UE should transit into new DRX level. This may requires only one bit, which is trivial.
Then the next question is whether reception acknowledgment is needed for the signaling from eNB to UE. Requiring the UE to confirm the reception of DRX signaling delays the UE’s entering into new DRX level. Furthermore, it requires the UE to transmit something in the UL direction. Both are not good for UE battery saving. To avoid this, no handshake is one easy option. Then either RRC signaling over UM RLC or MAC or L1/L2 control channel signaling can be used.
Then, one problem is de-synchronization between UE and eNB regarding the DRX level. For example, if the UE misses the command that moves the UE from one DRX level to another DRX level or if the transition time into new DRX level is different between eNB and UE, the wake-up timing that the eNB assumes that the UE will wake up will be different from the actual wake-up time of the UE. 

To prevent this, fallback mechanism is needed. To achieve this, the wake-up time in each DRX level should be known to UE and eNB unambiguously. One way is that the wake-up time of each DRX level can be inferred from DRX configuration parameter at radio bearer setup. And the transition timing between DRX levels do not change this wake-up timing. In this way, the DRX level de-synchronization between eNB and UE does not propagate more than one DRX level.
Conclusion

1. Parameter sets that are used in DRX1 and DRX2 is semi-statically configured at bearer setup/re-establish.

2. One bit indicator can be used to control transition between DRX levels.

3. Timing of transition into new DRX level is flexible. But wake-up moment (L1/L2 control channel monitoring time) at DRX1 and DRx2 is semi-statically configured, not affected by transition timing into new DRX level.
2.4 Examples for Non-RT
Following is DRX mechanism according to the above discussion.
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Fig. 1 DRX operation for Non-RT with DL aspect
In the figure 1, one example of DRX operation is shown. In this figure, DL packet only is considered. 

1. During ‘Continuous’, the UE monitor continuously L1/L2 control channel. If the C-RNTI is found, the UE receives the scheduled data. 
2. If the UE receives ‘Transit Command’ the UE moves into ‘DRX1’ and start timer. During DRX1, the UE monitors L1/L2 control channel regularly at the moment configured by DRX1 parameter.

3. If L1/L2 control channel indicates the C-RNTI, the UE moves into ‘Continuous’ and timer is stopped.

4. If L1/L2 control channel does not include the C-RNTI during DRX1 and if timer expires, the UE moves into DRX2.

5. During DRX2, the UE monitors L1/L2 control channel regularly at the moment configured by DRX2 parameter.

Following is DRX mechanism according to the above discussion.
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Fig. 2 DRX operation for Non-RT with UL aspect
In the figure 2, one example of DRX operation is shown with UL consideration. 

1. In ‘Continuous’, UE performs UL transmission.

2. As soon as UL transmission ends, the UE starts timer. 

3. When timer expires, the UE moves into DRX1. During DRX1, the UE monitors L1/L2 control channel regularly at the moment configured by DRX1 parameter.

4. While in DRX1, iff UE send scheduling request or transmit UL data, the UE moves into ‘Continuous’. 
3.
DRX for Real-Time service

Mostly the mechanism that is used in the previous section also can be applied to real-time application. With proper setting of parameter for DRX1 and DRX2, both talk spurt and silent period can be efficiently supported.
Following can be assumed for the VoIP.

- For each VoIP packet transmission, this is indicated over L1/L2 control channel. Currently there is no decision on VoIP scheduling optimization.

- The eNB does not know whether it is in talk spurt or in silent period. Accordingly, as soon as silent period start, the eNB can not immediately goes from short period (e.g, 20ms) to long period (e.g, 160ms).

- In general, VoIP packet is generated in every 20ms packet and it will be transmitted over one MAC PDU in one TTI. Accordingly, it may be better for the UE to go into sleep as soon as it receives one MAC PDU. But sometimes there are full header packets or RTCP packets or RRC messages which span more one MAC PDU over several TTI In this case, it is not worth for the UE to go into sleep as soon as reception of one MAC PDU. To differentiate these two cases, explicit transition signaling is beneficial.
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Fig. 3.a DRX operation for RT (Mainly with Compress header)
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Fig. 3.b DRX operation for RT (Mixed scenario)
In the figure 3, one example of DRX operation in case of RT is shown.
The operation in figure 3 is described below:

1. During ‘talk spurt’, the VoIP will be scheduled and transmitted in every 20 ms. In every 20ms, L1/L2 control channel indicates data scheduling for the UE. In this wake up, the UE moves into ‘Continuous’.

2. In 1, if there is no need for the UE to receive next TTI, explicit transition command is sent to the UE to move the UE into DRX1, in which the UE wakes up in every 20 ms. I.e., the timer is set to around 20ms to align with 20ms VoIP generation in talk spurt.
3. In 1, if there is need for the UE to receive next TTI, no transition command is sent to the UE. Until the transmission is completed and transition command is received, the UE will be kept in ‘Continuous’. Only when there is nothing more to send to the UE, the eNB will send transition command to the UE. 
4. While the UE in DRX1, if the timer expires, the UE moves into ‘DRX2’. In VoIP the meaning of timer expiry with value more than 20ms could mean that transition from talk spurt to silent period has occurred. In DRX2, the UE monitors L1/L2 control channel in every 160ms, which is aligned to silent period. But depending on the requirement of RRC signaling or other non-RT bearer, the value used in the DRX2 can be short than 160ms.
4.
Conclusion

It is proposed to discuss and agree on the conclusion in section 2.2 and 2.3.
5.
Annnex A

In this annex, DRX operation described above is compared with traffic model in 25.892. Fig.4 shows the traffic model in 25.892 and Fig.5 is the operation of UE. 
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Fig.4 Figure 45: Contents in a Packet Call in TS.25.892
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Fig. 5 DRX operation in case of Traffic mode of fig.4
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