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Discussion and Decision

1
Introduction
RAN2 has been analyzing the solutions for UEPCOP which are listed in TR23.887 [2] and captured the results in TR37.869 [1]. At RAN2#83 meeting, RAN2 concluded the below in the LS reply to SA2 [3]:

“RAN2 thinks that extended DRX cycles of up to 10.24 s (LTE) will have less impact on the RAN than very long DRX cycles and could be usable for other use cases than the power saving state. However, extension up to 10.24s may not give substantial power saving opportunity either or may actually result in an increased power consumption due to the need for reading SIB1 before a paging occasion. It would also have impact regarding RAN4 requirements”
In SA2#99 meeting, Power Saving State has been approved to improve the power efficiency. Besides, SA2 still wants further information to make the final decision on eDRX and sent another LS [6] to RAN2. Therefore in this document we would like to elaborate how the extended DRX cycle would impact the RAN side from specification and implementation perspective.
2
Analysis of extended DRX cycle

2.1
General
The solution intends to minimize the time used for monitoring the downlink channel by using the extended long DRX cycle, and consequently to lengthen the UE’s battery life. However this saving comes at the cost of significant impacts to the current RAN specification and implementation.
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 has to be defined between UE and network side, which will increase the complexity and bring the impact to existing paging procedure. It will be more complicated especially if not all of the eNBs in the same TA has the capability to support the extended DRX cycle.
For the system and mobility performance, 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 guarantee 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 and acquiring the system information before making UL access, this will cause subsequent MO call setup delay. Additionally after reading the system information, UE may require to perform TAU if the UE has moved out of the coverage of the TA and this will cause more call setup delay. If UE is out of registered TA at the next “on duration”, UE may not be able to receive the paging until next “on duration”. Similarly for the MT access, if UE is configured with longer DRX cycle, paging delivery may be delayed and call setup will be delayed consequently. Also the risk for losing paging might be increased when the UE is moving from a cell with extended DRX cycle supported cell to another cell with only legacy DRX cycle supported.

In the respect of system information modification, UE is required to monitor paging messages to obtain notification of system information modification during the BCCH modification period. If the extended DRX cycle is larger than the BCCH modification period, it is likely the UE would miss the system information change indication during the whole BCCH modification period. As a result the UE may not be able to access network as the UE does not have the valid system information. Consequently it might be necessary for UE to check and acquire the latest system information before every paging occasion and uplink transmission. 
2.2
eDRX up to 10.24s
This solution highlights the simplicity due to the minimal impact to the specification and implementation as SFN wrap around is 10.24s. However, as shown in [4] and [5], the solution does not improve the power saving and actually this proposal can increase the power consumption comparing to DRX 2.56s due to the cell selection and SIB reading when UE wakes up from extended sleeping.

To overcome this problem, some companies also mentioned to consider extending BCCH modification period up to 10.24s. BCCH modification period is calculated from defaultPagingCycle and modificaitonPeriodCoeff. Thus to extend BCCH modification period either large defaultPagingCycle should be used or large modificationPeriodCoeff should be used.

(defaultPagingCycle, modificationPeriodCoeff) = (rf64, n16) or (rf128, n8) or (rf256, n4)

In case that the defaultPagingCycle is set to a large value, this will impact to normal UEs as MT call setup may be delayed. Then it is questionable whether it is a good solution to delay the normal UEs’ call setup time to save the power of MTC devices. If modificationPeriodCoeff is set to a large value, SIB modification for normal UEs will be slow and PDCCH/PDSCH capacity may be wasted because the eNB needs to send modfiicaiton notification at all the paging occassions for the SIB modification during whole modification period.

Also some commented that UE should perform the cell selection and SIB reading only when UE has some UL data to send. It is worth to note that during the SIB modification, paging related parameters may change. e,g, defaultPagingCycle. This means even at every 10.24s, UE wakes up from the extended sleeping, UE may not be able to receive the paging at the same cycle as UE wakes up. It is not clear how long eNB is supposed to buffer the paging and how MME repeats the paging if there is no response. 

It is also not clear whether the DRX up to 10.24s would meet the requirements for very long battery life set for the MTC terminals.
2.3
eDRX beyond 10.24s
The paging messages received from MME during the extended DRX cycle needs to be buffered at the eNB until the upcoming paging occasion. It is very much up to how long this eDRX needs to be extended but current dimension of storing paging in eNB is somewhere 640ms or 1.28s depending on the defaultPagingCycle. (note that we assume 640ms or 1.28s are typical values considering MT call setup delay). Therefore, for instance if eDRX is extended to 1 hour, eNB should prepare to store paging for 1 hour and comparing to 1.28s, duration to store the paging will be over 2800 times more. And this will consume additional memory and processing power.
If the extended DRX cycle is larger than 10.24s, according to the power consumption calculation in [4] and [5] the power consumption could be reduced taking into account the cell re-selection and system information acquisition before each paging occasion. However in addition to the impacts identified above, the existing PO/PF calculation dependent on SFN would be one prominent restriction and a new mechanism have to be defined in order to identify the PO/PF uniquely within the extended DRX cycle. Either extension of SFN or introducing SFN cycle index or utilizing the UTC in SIB16 would introduce big impact to RAN related procedures. Besides there are still concerns regarding the paging robustness, given the original paging is lost over Uu interface, the reception of the retransmitted paging might be delayed much more due to the long DRX cycle. Although alternating the extended DRX cycle with normal DRX cycles is proposed in 23.887[2], the alternation pattern and how the eNB and UE is synchronized with the DRX cycle would need further consideration.
3
Conclusion and Proposal
Based on the analysis above, we conclude following observations: 

· Whether and how much the UE power could be saved by extending the DRX cycle up to 10.24s is questionable. 
· Longer DRX cycle would impact the reachability of the UE and degrade the system performance.
· There will be noticeable specification and implementation impact to support longer extended DRX cycle beyond current maximum SFN.
The possible power saving is at the expense of significant specification and implementation impact. Considering the specification and implementation effort for adopting the extended DRX cycle, some difficulties are foreseen to make it happen in Rel-12 time frame. Especially considering that PSS has been adopted, it would be overkill to have both solutions which could be used for similar senarios. Thus it is proposed the following:
Proposal: It is proposed that RAN2 conclude extending DRX up to 10.24s does not bring power saving gain and extending DRX beyond 10.24s is not feasible within Release 12 time frame. 
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