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Introduction
The new WI on RAN enhancements for extended DRX in LTE was approved in RAN#67. The general objective of this work item is to provide RAN specifications for extending the DRX cycle in scenarios where mobile terminated data has a delay tolerance in the order of minutes to an hour. In [1], the specific objectives are:

· 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
In this document, we provide our view on issues and solution direction for RAN2 work on eDRX.
eDRX in RRC_IDLE
During RAN study on MTC in Release 12, RAN2 has discussed eDRX in RRC_IDLE together with PSM solution. At that moment, RAN2 decided to select PSM mode instead of eDRX as solution direction for Release 12, mainly due to substantial impacts on RAN specifications as captured in [2]. 
For instance, SFN extension was proposed in Release 12 to support eDRX beyond 10.24s. It is obvious that SFN extension will require additional complexity in both eNB and UE. Also, updates to RRM requirements were addressed as a drawback of eDRX solution during the previous RAN2 study.
Nevertheless, it is worth noting that it was also discussed at that moment that eDRX beyond 10.24s can be beneficial for UEs in RRC_IDLE. Two years ago in Fukuoka, RAN2#82 discussed analytical results on eDRX in [3]. The analytical results showed that for very long DRX cycle more than 20 min, the extended DRX cycle can provide a significant gain. 
Considering that the previous RAN2 study concluded that the DRX cycle less than 10.24s cannot achieve the considerable gain of power saving, it is not so preferred to only introduce eDRX less than 10.24s for UEs in RRC_IDLE. We think that RAN2 should consider supporting extended paging DRX cycle beyond 10.24s. Furthermore, concerning that companies had concern on RAN impacts from eDRX during Release 12 study, RAN2 should consider minimizing impacts on RAN specifications when we introduce extended paging DRX cycle beyond 10.24s.
Proposal 1: RAN2 should support extended paging DRX cycle beyond 10.24 seconds with minimal impact on RAN specifications.
In order to have minimal impact on RAN specifications, first of all, we think that legacy paging occasions should be used by eDRX. In other words, we do not want to change the existing PO/PF formulation that is specified in chapter 7 of 36.304. When UE wakes up from eDRX sleep, UE should monitor legacy paging occasions until going to eDRX sleep again.
Proposal 2: When UE in RRC_IDLE monitors paging occasions, UE configured for eDRX uses the existing PO/PF formulation as specified in 36.304.
In an incoming LS [4], SA2 recently informed RAN2 about some issues in the realm of RAN. One of RAN issues identified by the LS is related to paging reliability: How to maintain level of reliability for UE being able to receive the paging at its paging occasion similar to paging reliability for normal DRX, even when UE has performed cell reselection.
For normal paging, the network can typically repeat a paging message in multiple paging DRX cycles until it receives paging response e.g. in order to consider the case that UE misses the paging message. We expect that such implementation should be possible when eDRX is used for paging. It means that when UE wakes up from eDRX sleep, UE will be required to monitor its paging occasions in multiple paging DRX cycles within a certain time window as described in figure 1. This operation will allow LTE to maintain similar level of paging reliability for eDRX in RRC_IDLE.
Proposal 3: when UE wakes up from eDRX sleep, UE in RRC_IDLE is required to monitor its paging occasions in multiple paging DRX cycles for paging reliability.
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Figure 1: eDRX operation for UE in RRC_IDLE

In the LS [4], SA2 requested RAN2 to discuss impact on idle mode UE measurement and cell reselection. Regarding this issue, we wonder if eDRX can follow what RAN2 concluded for PSM mode. For PSM mode, RAN2 specified idle mode mobility as follows in 36.304:
When NAS indicates that PSM starts, the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) is kept, all running timers continue to run but the UE need not perform any idle mode tasks. If a timer expires while the UE is in PSM it is up to UE implementation whether it performs the corresponding action immediately or the latest when PSM ends. When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.

Namely, in PSM mode, UE need not perform any idle mode tasks. When UE comes back to normal mode, UE resumes those tasks. Similarly, when UE goes to eDRX sleep, UE may not need to perform any idle mode tasks. The UE configured for eDRX can perform all idle mode tasks only when UE needs to wake up from eDRX. 
Proposal 4: RAN2 should discuss whether UE sleeping in eDRX can avoid performing any idle mode tasks like in PSM mode.

As we discussed during RAN2 study on MTC in Release 12, the UE configured for eDRX would need to wake up a few time before its paging occasion to be ready with updated system information at a cell, as illustrated in figure 2. 
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Figure 2: eDRX operation with SI reading [3]

The systemInfoModification in paging is not so useful in this case because SI could be updated several modification periods before while UE sleeps in eDRX. However, UE can use the value tag in SIB1. When UE wakes up from eDRX sleep, UE can check the value tag in SIB1 before its paging occasion in order to check if SI is updated. This UE behaviour needs to be supported in order to cope with potential SI update which can occur during eDRX sleep. 
Proposal 5: when UE wakes up from eDRX sleep, UE should check the value tag in SIB1 to be ready with updated system information before its paging occasion.
The RAN study on MTC in Release 12 has discussed possibility of SFN extension to support eDRX beyond 10.24s. It is obvious that SFN extension will require additional complexity in both eNB and UE. For instance, we wonder how UE configured for eDRX should do when some cells do not support SFN extension. In particular, CSG cells or other small cells may not support SFN extension, so that we would need to solve this scenario in case that SFN extension is used.
Alternatively, some companies in SA2 are proposing to use a timer in both MME and UE for eDRX. The timer is used for both MME and UE to be synchronized for eDRX operation. This solution is interesting because eNB upgrade for eDRX could be avoided or minimized. Impact on eNB could undermine successful deployment of eDRX considering that short/long DRX is not so widely used in real deployments. 
We think that introduction of this CN timer should be compared with introduction of SFN extension in eNB. Thus, we propose that RAN2 should defer discussion on SFN extension until SA2 makes decision on solution direction.
Proposal 6: Considering alternative solution in SA2, RAN2 should defer discussion on SFN extension until SA2 makes decision on solution direction.
eDRX in RRC_CONNECTED

During RAN study on MTC in Release 12, RAN2 has discussed eDRX in RRC_CONNECTED as well. In [2], RAN2 finally provided evaluation results of eDRX in RRC_CONNECTED as follows:
· Impacts to DRX cycle calculation if DRX cycle is extended beyond 10.24 seconds. 

· Impact to SIB monitoring if UE does not monitor paging according to legacy procedure.

· Updates to RRM and RLM measurement requirements may be necessary
· Without enhancements, mobility performance may be degraded due to increased number of HO failures and RLF occurrences, esp. for high-mobility UE.
Following RAN2 conclusion in Release 12, we expect that there would be significant impacts on RRC and MAC when we specify eDRX for UEs in RRC_CONNECTED, in particular for eDRX cycle beyond 10.24s. In addition, concerning that UEs in RRC_CONNECTED should perform measurements and handover procedure for network controlled mobility across cells, it is hard to understand power consumption gain from eDRX operation for UEs in RRC_CONNECTED.
Moreover, enhancement of mobility is not part of this WI. We wonder how mobility of UEs in RRC_CONNECTED can be properly handled without mobility enhancement when eDRX is introduced to UEs in RRC_CONNECTED.
Accordingly, we think that RAN2 should focus on RRC_IDLE for the work item on eDRX. We also need to consider that the existing DRX operation in MAC is not so widely used in real deployments. If we want to improve power saving for UEs in RRC_CONNECTED as well in this work item, we propose to focus on extending the existing long DRX cycle up to 10.24s, rather than introducing a new eDRX cycle with unnecessary complexity in MAC. Extending the existing long DRX cycle up to 10.24s would only require new values for the long DRX parameter in 36.331 possibly without any impact on MAC.
Proposal 7: For eDRX in RRC_CONNECTED, the existing long DRX cycle should be considered to be extended up to 10.24 seconds, instead of introduction of a new eDRX cycle/state with unnecessary complexity in MAC.
Conclusion
In conclusion, we propose the followings for eDRX:
Proposal 1: RAN2 should support extended paging DRX cycle beyond 10.24 seconds with minimal impact on RAN specifications.
Proposal 2: When UE in RRC_IDLE monitors paging occasions, UE configured for eDRX uses the existing PO/PF formulation as specified in 36.304.
Proposal 3: when UE wakes up from eDRX sleep, UE in RRC_IDLE is required to monitor its paging occasions in multiple paging DRX cycles for paging reliability.

Proposal 4: RAN2 should discuss whether UE sleeping in eDRX can avoid performing any idle mode tasks like in PSM mode.
Proposal 5: when UE wakes up from eDRX sleep, UE should check the value tag in SIB1 to be ready with updated system information before its paging occasion.
Proposal 6: Considering alternative solution in SA2, RAN2 should defer discussion on SFN extension until SA2 makes decision on solution direction.
Proposal 7: For eDRX in RRC_CONNECTED, the existing long DRX cycle should be considered to be extended up to 10.24 seconds, instead of introduction of a new eDRX cycle/state with unnecessary complexity in MAC.
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