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1
Introduction
RAN2 has been analyzing the solutions for UEPCOP which are listed in TR23.887 [2] and capturing the result in TR37.869 [1]. In TR37.869, we have the solutions listed below;

Solution 1a: Extended DRX in idle mode (7.1.3.1)

Solution 1b: Extended DRX using UE Assistance Information (7.1.3.2)

Solution 2a: Long DRX cycles in connected mode (7.1.3.6)

Solution 3a: Transmission delay until better coverage conditions (7.1.3.5)

Solution 4a: New Dormant State (7.1.3.3)

At SA2#98 meeting, SA2 decided to drop the solution for UEPCOP in clause 7.1.3.5 of TR 23.887 from Rel-12 and sent an LS to RAN2 in [4]. Therefore, this contribution further evaluates solutions except solution 3a.
The initial qualitative analysis for UEPCOP solutions is provided in TR37.869 v0.3.0[1], where the evaluation and possible impacts from RAN perspective are given. In this paper, we mainly focus on the challenges for the remaining UPECOP solutions which are explained in [2] in details and propose to conclude the evaluation of the SA2 solutions at this meeting as this meeting is the last RAN2 meeting left before the target deadline of the SI.
2
Evaluation of SA2 solutions for low power consumption
2.1
Solution 1a (Extended DRX in idle mode)
The solution enables extended paging cycles by providing the extended DRX parameters in NAS to save UE battery as waking up and listening for a potential paging message consumes power in idle mode. The UE battery can be saved by turning off the UE Tx/Rx longer time. However, other aspects should be considered as well.
Specification impact

How long the DRX cycle should be extended should be confirmed by SA2/CT1/CT4 [4].

· If the extended DRX cycle length is beyond SFN wrap around cycle, i.e. around 10s for LTE and 40s for UMTS, RAN2 need to look into extensions of SFN, which may impact everything associated with SFN in the specification (e.g. the system information and paging scheme). This would cause big impact to the RAN related procedure. It is not recommended considering the complexity in different network equipments as well as in UE.
· In case the maximum extended DRX cycle is less than SFN wrap around cycle due to the difficulty of time extension, it is still questionable whether and how much benefit it could bring by extending the DRX value only to such a limited extent. The UE power consumption might even increase if UE acquires the system information before waking up according to the DRX cycle to avoid possible missing of system information change notification [5].
· New RRM measurement requirement might need to be defined.
· UE and network need to exchange the capability.
Implementation impact

As UE is expected to wake up periodically, all the paging messages received from MME during the extended DRX cycle shall be buffered at the eNB until the upcoming paging occasion. The buffer size for maintaining the paging message would be increased to adapt to the longer DRX cycle in IDLE mode. The implementation complexity on UE and eNB shall be considered carefully by applying the extended DRX cycle. Also currently UE can have a UE specific DRX configured by NAS layer and UE shall use shorter cycle between this UE specific DRX and default DRX in the AS layer. As this schemes adds one more DRX cycle and the handling is very different than the other DRXs (i.e, using longer DRX instead of shorter DRX), UE has to act differently depending on which DRX it receives and it will increase UE complexity.
Mobility impact

With an extended DRX cycle, the measurement cycle is increased and consequently the mobility events will be triggered with some delay. In the current specifications, cell reselection process is supposed to guaranty that UE camps on the best cell from radio point of view. Longer DRX may challenge this assumption and UE may have to perform cell selection before reading SIBs to make UL access. This will cause subsequent MO call setup delay as UE shall read SIBs before making the RRC connection and the SIB reading may take longer in UMTS as the SIB cycle is longer. Additionally after reading the SIB, UE may require to perform TAU/RAU/LAU and this will cause more call setup delay. Also if UE is out of registered TA/RA/LA at the next “on duration”, UE may not be able to receive the paging until next “on duration”.
Performance impact

If UE is configured with longer DRX cycle, paging delivery may be delayed accordingly and call setup will be delayed consequently.
Observation1: Whether and how much the UE power could be saved by extending the DRX cycle is not very clear and this solution may have the significant impact to the specification and implementation. Besides, as paging may be delayed and call setup time may be increased, the solution may not be suitable for smart phone.
2.2
Solution 1b (Extended DRX using UE Assistance Information)
The solution is to utilize the PPI information in extended DRX setting. That is, if UE indicated that it preferred power saving, extended DRX will be used when UE goes to IDLE afterward.
The same challenges listed in 2.1 are expected. In addition, current PPI indication is not to create delays in the DL packet delivery beyond current DRX cycle length. Therefore, it is not clear whether this PPI indication should be used to cause longer delay in paging than current DRX cycle and is acceptable to end-user.

Observation2: Observation 1 also applies to Solution 1b. Additionally, PPI was developed to help smart phone power saving but this scheme may create unacceptable paging delay to end user if this is used for smart phone application.
2.3
Solution 2a (Long DRX cycles in connected mode)
This solution allows longer DRX cycles in connected mode which allows the terminal to switch off its radio transmitter and receiver for longer periods of time, and thus reduces its power consumption.
As indicated in 2.1, this solution has the similar impact to the specification and mobility due to the extended DRX cycle and might also increase HO failure and RLF rate. Furthermore, as the long DRX cycle somehow implies the long duration in connected mode, the optimization for the resource utilization and signaling overhead might need to be considered due to the possible increase of the number of active UEs simultaneously supported by the eNB. 
Also longer DRX may cause longer DL packet transfer delay, it should be carefully considered whether this can be used for smart phone at all.
Observation3: This solution may have the significant impact to the specification and implementation as measurement and mobility should be considered during this long DRX cycle. Besides, as DL packet deliver may be delayed significantly, the solution may not be suitable for smart phone.
2.4
Solution 4a (Power Saving State for Devices)
This solution introduces a power saving state that a UE may apply when there are longer periods of inactivity (in the range of multiple minutes or hours). During this state, the UE remains attached and all active PDP/PDN connections remain established on UE and network side. The UE stops any cell/RAT/PLMN selection and MM procedures, and performs periodic registrations procedures only with the timer value(s) given by the network.
As the UE is unreachable for paging in this new power saving state, there would be delay for responding to the DL paging request from network. If the UE moves out the coverage of the serving cell in the power saving state, the cell re-selection is impossible and the UE has to perform cell selection after it wakes up. Therefore this solution is applicable only for the application with long IAT and is more suitable only for stationary MTC devices. 

Basically it tries to save attach procedure in core network when the UE wakes up and all the RAN related procedures need to be performed as if the UE was detached. It shows minor difference for the UE’s behaviour between this new power saving state and keeping UE detached from AS point of view while it needs to introduce new interaction between AS and NAS and increase the delay in DL packet delivery. Also to handle state transition between this new state and normal ECM_IDLE or ECM_CONNECTED, new timers will be required in the UE and thus will have impact to UE implementation. Especially while UE is in this new power saving state, as the UE can shut down Tx/Rx completely, it is acting like it is in detach state. However, UE also has to run a new timer only for the state transition and this is a new functionality in the UE.
Observation4: As this solution may push the UE in out of coverage, the solution may not be suitable for smart phone. Also comparing to attach/detach, there is no benefit but increases complexity in the specification work.
3
Summary 
As the deadline of the SI is approaching and the solutions might have some benefit depending of the application (i.e, none of solution seems to be suitable for smart phone) while impacts to the specification and implementation are non negligible, it seems that utilizing the existing mechanism (i.e, detach/attach) is more sensible than inventing new solutions. For above solutions, it seems that UE saves power with the cost of “no-service” for extended duration. Then the power consumption should be compared with the UE in detach status instead of UE in the current longest DRX.
4
Conclusion 
SA2 has also proposals for keeping the UE attached and then detached from network for a period by following a certain pattern. The UE power could be saved with minor impact to RAN protocols or implementation since the attach and detach procedures in RAN side are exactly same as existing ones.

Based on the analysis in the paper and considering that the deadline of the SI is approaching, it is proposed the followings:
Proposal 1: It is proposed that RAN2 conclude that solution1a, 1b, 2a and 4a are not recommendable. 
Proposal 2: It is proposed to send LS [6] to SA2 to inform the proposal 1 and recommend to consider the existing mechanism like Attach/Detach procedure if further power saving is necessary.
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