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1. Introduction

From the RAN2#81bis meeting, RAN2 has been discussing UEPCOP solutions. In RAN2, “Extended DRX in idle mode” is likely to be a most potential solution. One of arguments is how long the paging cycle is extended. Also, in SA2#98 meeting, SA2 made a consensus that “Extended DRX in connected mode” as well as “Extended DRX in idle mode” (10 - 20 seconds) is also one of most potential solutions. Accordingly, “Extended DRX in connected mode” should be discussed if it is really useful. Firstly, this paper will observe the issue on how long the paging cycle is extended. And, it will introduce some consideration for supporting “Extended DRX in connected mode”. 
2. Discussion
2.1 Maximizing UE power consumption gain by extending DRX cycle

From the analysis results from [3] and [4], it seems clear that the DRX cycle should be extended at least beyond 10.24 [sec] to obtain a significant gain in UE power consumption and UE battery lifetime. 

In [3], a simple enhancement is applied in order to overcome the problem to miss the notification of SI change due to longer DRX cycle over modification period. The result shows that such the enhancement results in the negative impact against UE power consumption gain. Neverthless, for very long DRX cycle more than a few ten minutes, the impact of the enhancements can be ignored, and then the extended DRX cycle also provides a significant gain. 
As shown in the result in [4], UE battery lifetime is almost linearly increased according to the extended DRX cycle. The UE battery lifetime is an important measure since the most MTC devices would usually use battery or generate electricity by themselves. 
From the observations, DRX longer than 10.24 sec is preferable. 
Proposal 1: The maximum DRX cycle is extended at least beyond 10.24 seconds to obtain a significant gain in UE power consumption and UE battery lifetime.
2.2 Impact on TCP

Considering the typical values for the TCP parameters, [5] has introduced the expected impact on TCP if the extended DRX is applied. From [5], TCP behaviours can be classified as: 
· TCP connection establishment; 
· TCP packet transmission/retransmission and; 
· keeping TCP connection alive. 
Figure 1 shows the processing for a TCP packet transmission. A TCP sender intends to send its data to a MTC device. After the TCP sender transmits the data to S-GW, it starts a retransmission timer. S-GW firstly stores the data from the TCP sender, and then informs MME of the presence of data to be delivered. MME pages to the MTC device while considering the paging cycle. After completing a Service Request procedure, S-GW then delivers the data to MTC device via eNB. Obvisouly, the total transmission delay between the TCP sender and the MTC device depends on the paging cycle, i.e. the longer paging cycle is, the longer the transmission delay between the TCP sender and the MTC device is. If the TCP sender doesn’t receive an ACK until the retransmission timer expires, the TCP sender tries to re-transmit the data. It results in unnecessary overhead in CN, and in the worst case, the TCP sender could fail to send the data. Even for other TCP behaviours, the same impact could happen. 
On the other hand, we could have a question if we should really use the typical value for TCP parameters even for MTC application. In MT case, the TCP sender would be a MTC server, which can assume that the MTC device could apply the extended paging cycle. If the MTC server sets the retransmission timer to a value longer than the maximum value of the extended paging cycle, the negative impact on TCP can be ignored. MO case is same. MTC device can set quite longer retransmission timer. Accordingly, it is not reasonable to limit the maximum value of the extended paging cycle due to TCP impact because there is no reason to set usual TCP parameters even for MTC application.
Proposal 2: TCP impact is not considered in the discussion on the extended DRX cycle because it can be controlled in application level. 
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Figure 1 TCP packet transmission
2.3 Extended DRX in connected mode
In the previous SA2 meeting, nobody objected “Extended DRX in connected mode” as well. DRX in connected mode is configured by RRC. Firstly, UE will provide its support for the extended DRX to RAN. For the specific services, e.g. delay tolerant service, eNB can configure the extended DRX to UE. In RAN side, if the enhancements for the extended DRX in idle mode are already adpoted, e.g. extended SFN, the impact by the extended DRX in connected mode would be restrictive.

Actually, the extended DRX in connected mode would be so beneficial as UE stays in connected mode during quite long time. Currently, SA2 is also discussing a solution, “keep UE in connected mode” for SDDTE, in which UE can stay connected mode for a long time. However, the objective of this solution is to reduce the signalling overhead for UE with frequent traffic. For such UE, the extended DRX in connected mode could not be useful even though the UE stays connected mode for a long time. 
On the other hand, even though the traffic characteristic is not frequent, “keep UE in connected mode” is still useful because this solution can also reduce the total signalling overhead in overall cell. Since so many MTC devices, e.g. a few thousands, might be deployed in one cell area, it is still beneficial that MTC devices are kept in connected mode. Furthermore, DRX extension beyond 10.24 sec can be also applied even for connected mode. Accordingly, it is proposed that

Proposal 3: Extended DRX in connected mode is also considered for power saving purpose. 


With the extended DRX, it is difficult to support the mobility so well. Therefore, we need to ensure that the extended DRX in connected mode is applied for stationary UEs only. 
Proposal 4: Extended DRX in connected mode is suitable for stationary UEs.


There are still the remaining issues on the extended DRX. How long DRX in connected mode is extended? Basically, it seems useful that DRX in connected mode is extended beyond 10.24 sec as in Proposal 1. However, the DRX extension should not exceed the RRC inactivity timer because at least a few Active time should be assigned to the UE during connected mode. For example, RRC inactivity timer is 10 sec, while the extended DRX is 20 sec. In that case, even though there is DL data to be transmitted to UE, the eNB will release its connection with the UE. For supporting “keep UE in connected mode”, longer RRC inactivity timer is applied. depending on the value of the RRC inactivity timer, the value of DRX to be extended  has to be configured. On the other hand, it is eNB implementation to configure a suitable DRX such that the configured extended DRX cannot exceed the RRC inactivity timer.

Possible another issue is if the UE capabilities for the extended DRX are independently separate for idle and connected mode. It is slightly more flexiable to separate two UE capabilitis for idle and connected mode because DRXs in idle and connected mode are configured by NAS and AS, respectively. UE NAS would inform MME of its support implicitly when requesting the extended DRX cycle value. While, UE AS would signal eNB of its support explicitly by using a RRC message. The detail is FFS.
3. Conclusion
Proposal 1: The maximum DRX cycle is extended at least beyond 10.24 seconds to obtain a significant gain in UE power consumption and UE battery lifetime.
Proposal 2: TCP impact is not considered in the discussion on the extended DRX cycle because it can be controlled in application level.
Proposal 3: Extended DRX in connected mode is also considered for power saving purpose. 

Proposal 4: Extended DRX in connected mode is suitable for stationary UEs.
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