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1.
Introduction
It was agreed long ago that power saving performance of UE in LTE_ACTIVE state should be comparable to that of UE in LTE_IDLE state. This means that the UE should be put in sleep mode as much as possible. On the other hand, the time between arrival of user data at eNB and the actual transmission over radio channel should be minimized because it is closely related to the user experience. This means that idle period of the UE should be minimized. 
In previous meetings, several proposals [1], [2], [3] were submitted regarding the requirement of UE power saving and QoS support. These proposals are trying to meet the above conflicting requirements. 
In this document, our view on efficient DRX mechanism is provided.
2.
Discussion
Each radio bearer has its own QoS requirement. Attributes such as delay requirement and traffic arrival pattern will be different for each traffic type. For example, small amount of traffic with known data size is generated in every 20ms for VoIP. On the other hand, unknown amount of traffic with irregular period is generated for BE service. Accordingly, optimal DRX period for each radio bearer is different.
In this case, one easy and safe solution is for eNB to inform UE of the DRX values for each radio bearers and for UE to use the minimum DRX value among the configured radio bearers. 
Alternatively it is possible that the eNB decides the DRX value to be used and signals this value to the UE. In fact, typical moments of DRX value changes may be the time when a radio bearer is added or removed. In this case, because RRC signalling will be used anyway, DRX value change can be easily done. This method will also make it possible for eNB to adjust DRX value due to scheduling load or congestion.
Conclusion 1: DRX values are defined per a UE not per a radio bearer.
DRX defines the moment when the UE should check whether there is downlink data for it or not. In case that the eNB indicates the availability of downlink data for the UE, it means that arrival of downlink data started during the previous sleeping period. Depending on the amount of data that is buffered, the eNB can estimate when the downlink data transmission will end or can decide whether the UE can be brought back to sleep mode. For instance, when there is no further data for eNB to send to the UE, the UE can be allowed to go back to sleep mode to save power. This fact can be used to optimize DRX.
Following figure 1 shows possible UE DRX operations.
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Figure 1 UE options during LTE_ACTIVE
In option 1, the UE is not allowed to perform partial DRX. In other words, when the UE wakes up after detecting that there is downlink data for it, the UE should monitor L1/L2 control channel during the entire DRX period when the UE waked up. 
On the other hand, in option 2 and 3, the UE is allowed to perform partial DRX after waking up. After detecting that there is no further data for it by looking at L1/L2 control channel, the UE goes back to sleep mode. In option 2, the UE falls into sleep mode until next wake up moment according to its configured DRX. I.e, as soon as the UE detects that it is not scheduled, the UE sleeps until next start of DRX period. In option 3, the UE uses second level DRX in addition to the first level DRX which is longer than the second level DRX. After detecting that it is not scheduled, the UE falls into sleep mode. But in this case, the UE uses shorter DRX length than the original DRX length until the start of next DRX of first level.
Option 1 is best in terms of QoS. Especially, considering the arrival time of second burst of data at eNB, the time between the data arrival time at eNB and the transmission start time is shortest with option 1. Option 3 is worse than option 1 but better than option 2 in terms of QoS. On the other hand, in terms of power saving performance, option 2 is best and followed by option 3 and option 1. Thus, we can conclude that option 3 is a balanced compromise among the possible options.
Above scenario may not be a rare event. As a simple example, one web page may consist of data from several servers. In this case, the required delivery time of each component of that web page will be quite different. Furthermore, even components from same web server can experience different transfer time because of different routing path or network congestion. Though the total transmission time will be quite short compared to the DRX period, the transmission itself may not be continuous and has gaps. Thus, second level DRX period can be quite beneficial for delivery of second burst of data such as shown in figure 1.
Conclusion 2: Two level of DRX is used. First level of DRX is used in normal situation. Second level of DRX is used when imminent data transmission or resumption is foreseen.
As shown in the example figure 1, the arrival time of second burst is not known to the eNB at the start of each DRX period. It may be difficult for eNB to estimate optimal value of second level DRX value. Rather, it may be easier for eNB to assign the value at the time of RB setup, considering the static characteristics of all RBs. This will not only reduce the need of signalling load but also reduce complexity for the case of unsuccessful configuration change with dynamic DRX control by MAC.
One concern that can be raised for the option 3 is the mismatch between eNB and UE. When the UE misses the L1/L2 control information that includes scheduling information for that UE, the UE may go into sleep mode with DRX period 2 even though the eNB considers the UE as listening. To prevent this, a timer can be used in the eNB to ensure there is no mismatch. 
Or, the eNB can use explicit signalling. In this case, to switch between the different DRX periods, the transition control between different activity levels should be done via MAC signalling, because RRC signalling takes a longer round trip time. So, the eNB includes a DRX indicator into the last MAC PDU that is delivered to the UE. I.e, this indicator is used to notify UE that eNB currently has no data for the UE and the UE can go into sleep mode using second level DRX parameter. 
Depending on the characteristics of the radio bearers the 2nd level DRX period can then be configured to be 0 which means effectively continuous data transmission or to be a higher value that is adapted to the traffic class, e.g. 20 msec for VoIP etc.
Conclusion 3: Application of second level DRX is control by eNB. 
Following figure 2 shows the mechanism according to the above discussion.
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Figure 2 Proposed DRX scheme for LTE_ACTIVE for DL
1>
eNB configures two DRX periods: 1st level DRX length and 2nd level DRX length;
1>
at the first subframe of each 1st level DRX period, the UE checks L1/L2 control channel to find whether there is any downlink data for it; 
1> if there is scheduling information for it at the first subframe of each 1st level DRX period: 
2> the UE receives the downlink data according to the scheduling information; 
2> the UE continuously monitors L1/L2 control channel and receives downlink data until it receives DRX indicator; 
2> if DRX indicator is received:

3> the UE activates 2nd level DRX until next first subframe of 1st level DRX period. 
3>
while 2nd level DRX is activated, at the first subframe of each 2nd level DRX period, the UE checks L1/L2 control channel to find whether there is any downlink data for it. 
3> if the UE finds scheduling information:

4> the UE receives the downlink data according to the scheduling information. 
4> UE continuously monitors L1/L2 control channel and receives downlink data until it receives no scheduling information via L1/L2 control channel. 
4> once the UE is not scheduled during 2nd level DRX is activated, the UE goes into sleep mode until the first subframe of each 2nd or 1st level DRX period whichever comes first.
1> else if there is no scheduling information for it: 
2> the UE goes into sleep mode until the first subframe of next 1st level DRX period.

By the way, DRX mechanism should consider also UE transmission and mobility scenario. Using second level DRX control fits well. After transmission of user data or signalling message, the UE generally expects to receive response data or message. Thus, the UE needs to look more often the DL. In this case, making the UE to continuously monitor downlink channel is not desirable, because the arrival time of user data for DL is not known. Accordingly, it seems better to use second level DRX which balances no sleep and long sleep. 
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Figure 3 Proposed DRX scheme for LTE_ACTIVE with UL
Figure 3 shows the DRX related to the UE transmission. When UE transmission occurs during the first-level DRX, the UE transits into the second-level DRX. In above example, if the message transmitted by the UE was measurement report and if the eNB wants to reduce delivery time of RRC message such as HANDOVER COMMAND, the eNB can put the UE in second-level DRX longer by transmitting a DRX indicator at each start of first level DRX period.
Conclusion 4: UE applies second level DRX after transmission in the UL. 
3.
Proposal
It is proposed to agree on the conclusions and mechanisms in section 2 as basic principle for DRX in LTE_ACTIVE. And it is further proposed to update the TS.
4.
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