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1. Introduction

In order to satisfy the requirement of UE Power Consumption Optimizations (UEPCOP), SA2 has discussed solutions to extend the length of DRX cycles in RRC idle mode and in RRC connected mode, see TR 23.887 (solution “Extended DRX in idle mode” chapter 7.1.3.1 and “Long DRX cycles in connected mode” chapter 7.1.3.6). 
The extended DRX cycle may increase significantly UE no-response period, during which UE cannot response any message and cannot receive any user date packet from CN. The long no-response period may cause CN procedure (e.g. GTP-C related procedure) interruption or signalling retransmission. SA2 has asked CT1 and CT4 about the potential CN impact of such extended DRX value see S2-133078 (C4-131312).
This paper focus on the analysis of impact on CN node caused by extended DRX.
2. Discussion

Capability negotiation of Extended DRX

According to TR 23.887 clause 7.1.3.1, UE informs the network about its support of extended DRX by an explicit indicator or by its preferred extended DRX cycle value. Network informs the UE that the network capability of extended DRX by eNB broadcasting the default extended DRX via the system information or by the present of extended DRX cycle value in NAS message.
Possible impact: No impact on CN network.

Decision of the Extended DRX value
According to TR 23.887 7.1.3.1, the MME decides on the extended DRX value to be used according to the UE's preferred extended DRX value and the UE's subscription from HSS. The MME notifies both the UE and the eNB of the extended DRX cycle value If no information is received from the MME, the eNB and UE both use the smaller one of the UE specific extended DRX value and a default extended DRX value is broadcast in system information for paging monitoring.

Possible impact: Extended DRX value may be included in the User subscription which impacts the interface between MME and HSS.
Extended DRX in GTP-C procedure
The longer DRX cycle maximum up to several minutes may impact the reach ability of the UE, which would cause GTP message retransmission and abnormal case handling without the feedback response in the expected time duration. 

1. UE in Connected mode

In the Dedicated Bearer Activation procedure for example: the maximum allowed time between step 4 and step 9 is equal to the maximum of the long DRX cycle in connected mode (See Clause 7.1.3.6 in TR23.887). Therefore, if the interval is longer than the timer T3-RESPONSE, it will cause that the P-GW/S-GW retransmits the Create Bearer Request separately in S5/S11 interface. If the interval is longer than the T3-RESPONSE * N3 REQUESTS, it will cause that P-GW interprets the transmission as unsuccessful transfer and inform the upper layer so that the controlling upper entity may take the necessary actions (see clause 7.6 in TS 29.274). NOTE1.
NOTE1: The interval between step 4 and step 9 is from 0s to DRX cycle value (without consideration of transmission delay), which depends on the time when the MME sends NAS to the UE. The worst case is that the interval is equal to the DRX cycle value and the best case is that the interval is 0s. The preferred value should be in between these two values (i.e. DRX value/2).
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Figure 5.4.1-1: Dedicated Bearer Activation Procedure

2. UE in Idle mode

In the Network Triggered Service Request procedure, the MME sends the Downlink Data Notification Acknowledge to the S-GW without waiting for the response from UE and the S-GW wouldn’t send new Downlink Data Notification if there are no downlink data received with a higher priority (i.e. ARP). Therefore, normally the length of DRX cycle would not cause the re-transmission of Downlink Data Notification Acknowledge message.

The Interval caused by the extended DRX occurs between step 3 and step 5. No impact on GTP-C message.
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Figure 5.3.4.3-1: Network triggered Service Request procedure

In the NW-initiated GTP procedure involving the Network Triggered Service Request procedure, e.g. Dedicated bearer activation, the MME must perform paging first and then continue with the remaining steps. It means there will be an interval between step 3 and step 4 caused by extended DRX in idle mode and another interval between step 4 and step 9 caused by extended DRX in Connect mode (NOTE2). It may also cause retransmission at step 2/3.
NOTE2: The extended DRX value in connection mode may be different from the one in idle mode.
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In the NW-initiated GTP procedure without involving the Network Triggered Service Request procedure e.g. PGW initiated bearer modification without bearer QoS update (neither TFT nor APN-AMBR change), there is no NAS signalling between the MME and UE. Therefore, the extended DRX cycle has no impact on these procedures.

Possible impact: GTP-C message retransmission and GTP-C procedure failure (How serious this is depends on the extended DRX cycle and the configuration of T3- RESPONSE and N3-REREQUESTS)
Extended DRX in GTP-U transfer
In connected mode, the SGW/PGW just forward the downlink date and the eNB is responsible for buffering and transferring to the UE when the UE is  reachable during a DRX cycle. The extended DRX cycle has no impact on CN node.
In Idle mode, the SGW buffers the downlink date before the UE response the paging. Some S-GW may be implemented to delete the downlink data in the buffer to save the resource if no paging response received from UE within a configured time. In this case, if the extended DRX is longer than the timer configured on S-GW, the SGW may send a new Downlink data Notification to the MME when it receives downlink data again.

Possible impact: Additional Downlink data Notification/Acknowledge between the S-GW and MME
3. Conclusion

The extended DRX cycle may cause the following problem:
1. GTP-C message retransmission, which increase signalling and may cause signalling overload in CN

2. GTP-C procedure failure, which may cause that the bearer couldn’t be established or modified.

3. Additional Downlink data Notification/Acknowledge
4. Extension to User subscription on extended DRX has impacts to the interface between MME and HSS.

The serious problems are in the bulletin 1 & 2 regarding longer DRX cycle. Therefore, it’s recommended that the extended DRX cycle should be at least less than T3-RESPONSE* N3-REQUESTS. 
Procedures must be adapted if the extended DRX cycle is more than T3-RESPONSE* N3-REQUESTS. The following solutions are possible:
· Adjust the T3-REQUEST and N3-RESPONSE according to the extended DRX value

The MME informs the S-GW and P-GW the extended DRX value, the SGW/PGW increase the value of T3-REQUEST and N3-RESPONSE, to avoid signalling retransmission and procedure interruption.

· Synchronisation and coordination between the P-GW and the eNB
The eNB inform the CN node about the exact time when UE is reachable, the CN node (MME/SGW/PGW) only initiates the procedure (e.g. Bearer Activation procedure) when the UE is reachable
4. Proposal

It’s proposed to send a reply LS to SA2 including the conclusion above.
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