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1
Introduction
3GPP Rel-13 includes a work item entitled “RAN enhancements for extended DRX in LTE” [1] which has the following objective:

-
Extend idle mode DRX cycles in order to provide at least an order of magnitude power savings for UEs in idle mode; and

-
Extend connected mode DRX cycles in order to enable additional power savings beyond what is currently possible for UEs in connected mode

This work will continue the work started in Rel-12 in TR 23.887 [2] and TR 37.869 [3] for Extended DRX, by:

· Identifying the RAN impacts of extending the DRX cycle for both idle and connected mode [RAN2] :

· Beyond 2.56s and up to values to be determined in conjunction with SA2/CT. 

NOTE:
Values (if any) that are identified to have CN impact will not be actioned in RAN without the corresponding work in SA2/CT.

· Performing the specification work resulting from the identified impacts on 

· Layer 2/3 protocols [RAN2]

· RRM core requirements [RAN4]

In this paper, we analysis RAN impacts with extended DRX for idle mode and connected mode.

2
Discussion
2.1
Extended idle mode DRX cycles

The value of extended DRX cycle length had been discussed in Rel-12. It was pointed out that extending DRX cycle to less than or equal to 10.24s could consume more power consumption than DRX cycle of 2.56s if the cell (re)selection and SI acquisition are performed every time before waking up according to [4] and [5]. Thus it is unclear that the DRX up to 10.24s would meet the requirements for very long battery life set for the MTC terminals. 
Observation 1: Whether and how much the UE power could be saved by extending the DRX cycle up to 10.24s is unclear. 
In current specification, UE uses the shorter DRX cycle between the UE specific DRX configured by the higher layer and default DRX value broadcast in the AS layer. Given one more extra extended DRX cycle, new scheme for DRX negotiation/selecting has to be defined between UE and network side. In addition, whether and how the capability for supporting the extended DRX is exchanged among the network nodes shall be considered as well.
Observation 2: New scheme for selecting DRX cycle needs to be defined.
With extended DRX, current cell reselection procedure might not be able to guaranty that UE always camps on the best cell without enough measurement. In addition the drift of the UE timing may have impact if the DRX is extended much beyond the 10s, thus the UE may need to wake up even earlier for synchronisation and perform cell selection before waking up from each PO/PF or for UL access. 
Observation 3: New UE behaviour and RRM measurement requirement in idle mode may be required.
UE monitors paging messages or checks valueTag in SIB1 to obtain notification of system information modification. If the extended DRX cycle is larger than the BCCH modification period, it is possible the UE would miss the system information change indication during the BCCH modification period. Thus it might be necessary for UE to check and acquire the latest system information before every paging occasion and uplink transmission. 

Observation 4: To perform SI acquisition before waking up might be necessary depending on how long the extended DRX cycle is.
If extended DRX cycle is larger than 10.24s, the existing PO/PF calculation needs to be extended. There were already several solutions proposed, e.g. extension of SFN, introducing SFN cycle index or utilizing the UTC in SIB16. 
Observation 5: The PO/PF derivation with the extended DRX cycle needs to be extended if extended DRX length is larger than 10.24s.
Besides there were also concerns regarding the paging robustness, as if the paging is lost over Uu interface, the reception of the retransmitted paging might be delayed due to the long DRX cycle. Alternating the extended DRX cycle with normal DRX cycles was proposed in 23.887 [2], the alternation pattern and how the eNB and UE is synchronized with the DRX cycle would need further consideration.
Observation 6: More robust mechanism needs to be defined to improve the reliability of paging reception in UE.
2.3
Extended connected mode DRX cycles 
The extended connected mode DRX cycle intends to minimize the time used for monitoring the downlink channel and consequently to lengthen the UE’s battery life. At least redesign the existing formula is needed for deciding when onDurationTimer starts if the extended DRX cycle is larger than 10.24s. For the DRX configuration, we might not need 1 ms granularity for DRX offset as currently have. 
Observation 7: redesign the DRX formula is necessary to adopt the extended connected mode DRX cycle. 

The late measurement may degrade the mobility performance due to the HO failures and RLF occurrences, but it was explicitly excluded from the WI “No connected mode mobility enhancements are considered in this work, i.e., the current mobility, RRM/RLM procedures apply for UEs using extended DRX cycles in connected mode”.  
Observation 8: enhancement for RRM requirement in connected mode is out the scope of the WI.
3
Conclusion
This contribution analyzed the impacts to RAN from the extended DRX cycle, the following observation were made.
For extended idle mode DRX cycle:

Observation 1: Whether and how much the UE power could be saved by extending the DRX cycle up to 10.24s is unclear. 
Observation 2: New scheme for selecting DRX cycle needs to be defined.
Observation 3: New UE behaviour and RRM measurement requirement in idle mode may be required.
Observation 4: To perform SI acquisition before waking up might be necessary depending on how long the extended DRX cycle is.
Observation 5: The PO/PF derivation with the extended DRX cycle needs to be redesigned.

Observation 6: More robust mechanism needs to be defined to improve the reliability of paging reception in UE.

For extended connected mode DRX cycle:

Observation 7: redesign the DRX formula is necessary to adopt the extended connected mode DRX cycle. 
Observation 8: enhancement for RRM requirement in connected mode is out the scope of the WI.
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