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1 Background
The extended DRX in Idle mode was discussed during RAN2#91 [1], [2], [3], [4]. The following working assumption and working agreement were made:

· Working assumption: we can agree that eDRX should apply only to UEs not attached to the CS domain. FFS about the support of ETWS, PWS, PS Emergency calls, etc.
· Working agreement: we will standardize the timer based solution, as endorsed by SA2, for Idle mode eDRX in UMTS, for both DRX cycles below and above 40.96 sec.

In this contribution the open issues for an extended DRX in Idle mode are discussed.
2 Discussion
2.1 Signalling and UE capability
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Figure 1: I-eDRX signalling. 
The UE indicates support of extended DRX in Idle mode by including a suggested timer value for the TeDRX timer in the ATTACH or RAU request. Based on the suggested value from the UE the NW can decide to configure an extended DRX in Idle mode in the UE in the reply ATTACH complete or RAU complete by including the configured extended DRX parameter values (TeDRX and TPTW). There is no need for UE capability signalling in RAN. 

The configured extended DRX parameters can be re-negotiated in subsequent RAUs, i.e. the UE can suggest a new value, and the NW can reply with an updated value. The configured extended DRX parameters can also be de-configured, when the extended DRX parameters are omitted from the ATTACH complete or RAU complete. 

The RNC pages the UE as normal, i.e. as if the UE is in the normal legacy DRX. The RNC may use the “PTW” info included in the Paging message to handle paging repetitions [5]. 
2.2 Extended DRX parameters
There are two parameters for the extended DRX in Idle mode: TeDRX and TPTW:
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Figure 2: I-eDRX parameters. 
The UE starts timer TeDRX when it receives an ATTACH or RAU complete including timers TeDRX and TPTW. When timer TeDRX expires the UE wakes-up from deep sleep and it monitors the paging occasions in the legacy DRX. When timer TeDRX expires it is re-started, and timer TPTW is started. When timer TPTW expires the UE stops monitoring paging occasions in the legacy DRX. The timer TeDRX survives Idle – Connected mode transitions, i.e. the timer is not reset due to Idle – Connected mode transitions as such, but only due to NAS signalling. The timer TeDRX is stopped when not configured in the ATTACH/RAU complete. The timer TeDRX is reset when a new value is configured in ATTACH/RAU complete.

RAN2 needs to discuss and agree on the parameter ranges and values, and inform CT1 about this. It is proposed: 
Proposal 1: The minimum and maximum value for the extended DRX in Idle mode (TeDRX timer) is 10 seconds and 6 hours respectively. 
Proposal 2: The minimum and maximum value for the Paging Transmission Window (PTW) size (TPTW) is 2 seconds and 30 seconds respectively
2.3 System Information change
During the study item phase it was concluded that for an extended DRX beyond the SFN limit that the UE can check MIB for any system information changes when waking up from deep sleep with minor impact on the battery lifetime. 
Proposal 3: When the timer TeDRX expires the UE shall re-acquire MIB to check for system information changes before accessing the system.
2.4 Synchronization error with timer TeDRX
The UE and SGSN coordinate the reachability of the UE, i.e. when the UE can be paged, by starting the TeDRX timer at the same time. The UE and SGSN start the TeDRX timer after successful completion of the ATTACH or RAU procedure, in case extended DRX parameters are configured in these NAS procedures. More specifically the SGSN starts the TeDRX timer when sending the NAS reply, and the UE starts the TeDRX timer when receiving the NAS reply, see figure 2. 
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Figure 3: Sync error. 

In a worse case scenario there can be a large air-interface delay in the order of multiple seconds for the NAS reply. Under normal good conditions the air-interface delay is not that large. But the paging coordination should also account for a worse case as well, and an MTC device may be in bad coverage conditions. 

The NAS reply (RAU accept, ATTACH accept) is sent in DOWNLINK DIRECT TRANSFER on SRB2. For the control signaling over SRB2 there are both L2 and L3 timers supervising/controlling the radio connection. However for the DOWNLINK DIRECT TRANSFER message there is no L3 timer, but there is a CN timer for the ATTACH/RAU complete message of 6 seconds (see TS 24.008). There are L2 timers in both UE and NW controlling the L2 retransmissions until an RLC Unrecoverable Error is detected: in UE for uplink traffic and in NW for downlink traffic. The L2 timer in the NW is set according to the used Timer_Poll and Max_DAT, i.e. L2 timeout = Timer_Poll x Max_DAT. The NW L2 timeout is implementation dependent but is typically in the range of 8 seconds, but in this particular case the CN timeout of 6 seconds would kick-in first. 
It is preferable to configure a “short” paging window to reduce the UE power consumption. The Paging Occasions (PO) in the Paging Transmission Window (PTW) should only be used to recover from mobility and/or to enhance (indoor) coverage. The POs of the PTW should not be used to recover from the sync error, which can be quite large. A PTW size of 2 – 4 POs could be realistic to account for mobility and/or bad coverage. Assuming a legacy DRX cycle of 1.28, this would imply a paging window size of 2.5 – 5 seconds, i.e. in worse case the UE could even miss the complete window due to the sync error.
Proposal 4: The RNC includes a timestamp in the DOWNLINK DIRECT TRANSFER carrying the ATTACH/RAU complete message. The timestamp indicates when the ATTACH/RAU complete message, including extended DRX parameters, was received from the SGSN.

When the UE receives the ATTACH/RAU complete message including the timestamp, the UE shall start the TeDRX timer with a value that equals the configured TeDRX timer value minus air-interface latency implicitly indicated with time-stamp. 

The RNC could include a timestamp, when it has received the NAS reply, based on the SFN timing in the cell where the UE has send the RRC CONNECTION REQUEST message. The UE could maintain a clock running, based on this SFN timing, and when it receives the timestamp in the DOWNLINK DIRECT TRANSMISSION message, calculate the time that has elapsed since the RNC received the NAS reply until the UE received the NAS reply in the DOWNLINK DIRECT TRANSMISSION message: 

Proposal 5: The timestamp is based on the SFN of the cell in which the UE send the RRC CONNECTION REQUEST message. 
3 Summary

RAN2 is kindly asked to discuss the open issue for extended DRX: 

Proposal 1: The minimum and maximum value for the extended DRX in Idle mode (TeDRX timer) is 10 seconds and 6 hours respectively. 

Proposal 2: The minimum and maximum value for the Paging Transmission Window (PTW) size (TPTW) is 2 seconds and 30 seconds respectively
Proposal 3: When the timer TeDRX expires the UE shall re-acquire MIB to check for system information changes before accessing the system.
Proposal 4: The RNC includes a timestamp in the DOWNLINK DIRECT TRANSFER carrying the ATTACH/RAU complete message. The timestamp indicates when the ATTACH/RAU complete message, including extended DRX parameters, was received from the SGSN.

Proposal 5: The timestamp is based on the SFN of the cell in which the UE send the RRC CONNECTION REQUEST message. 
4 References

[1] R2-153121, Further considerations for DRX cycle configurations, Nokia Networks, discussion, RAN2#91
[2] R2-153501, Considerations on DRX extension beyond SFN limit in idle mode
Huawei, HiSilicon
discussion, RAN2#91
[3] R2-153502, Stage 3 impacts analysis on DRX extension within SFN limit for both idle and connected mode, Huawei, HiSilicon, discussion, RAN2#91
[4] R2-153540, eDRX solution in Idle mode, Ericsson, discussion, RAN2#91
[5] S2-152617, Introducing Extended Idle mode DRX, CR 23.682, SA2#110
1

