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Discussion and decision
1 Introduction

This contribution addresses open aspects related to the RAN specification of extended DRX solution in idle mode (I-eDRX), providing an overview of the UE AS layer behaviour in relation to H-SFN, addressing further concerns on the paging reliability/robustness and describing UE expected activity during I-eDRX cycle.
2 Discussion
The general understanding, during RAN2#91 meeting discussion, was that RAN2 could progress with the I-eDRX specification work without having to wait for SA2 response on the aspects requested in the LS [1], the related details of which are added in Annex A for reference. On the other hand, it is important to further clarify the common view on the NAS/AS behaviour in relation to I-eDRX, keeping in mind the details provided on the proposed solutions [2] and RAN2 agreements, which are also shown in Annex A for reference. 
In RAN side, the H-SFN could be used by the UE to re-synchronize while being in I-eDRX without generating unnecessary UL signaling. In NAS side, SA2 needs to provide a solution that allows the MME to be aware of the approximate time when the UE will become reachable (i.e. through legacy idle mode) within a given I-eDRX cycle, e.g. instants A, C and D in Figure 1 below. Based on previous SA2 endorsed CRs [2], the first time that the UE becomes reachable within each I-eDRX cycle might be identified based on H-SFN reference or time reference, in which case, the time reference could also be determined based on an event trigger or based on an absolute time information. However from AS side, irrespective of how NAS specifies the solution to know those instants of time, it could be assumed that the UE maps this reference information (shown in Figure 1 as TRef) to the broadcasted H-SFN/SFN information.
Proposal 1. RAN2 to agree that, irrespective of the NAS layer decision on the trigger information to determine when to enter and wake up from I-eDRX, the AS layer of the UE could map the instant of when to become reachable to certain H-SFN/SFN, understanding that this mapping or relation is up to UE implementation.
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Figure 1. Extended DRX cycle in relation to H-SFN, legacy DRX cycle and SFN

2.1 Paging transmission window for paging reliability
RAN2 also agreed, as shown in Annex A, that (1) a UE becomes reachable in its associated PO/PF based on legacy DRX formula/cycle, which is also shown in Figure 1 above, (2) the paging message could be repeated by the network in different PO/PF(s) using different legacy DRX cycles for a certain time window of the I-eDRX cycle length, i.e. PTW (Paging Transmission Window) as shown in Figure 1, in order to improve paging reliability, and (3) loose H-SFN synchronization is necessary in the network side to ensure paging robustness when UE moves between cells. From the RAN2 agreements, it is not explicitly discussed about how long the UE needs to be reachable and receiveg paging within an I-eDRX cycle; hence, the following options are provided aiming to describe potential behaviours: 

Option a. The UE is not aware of PTW that is used by the network to page the UE.  This option assumes that UE does not know for how long the network might repeat the paging message within the I-eDRX cycle in the corresponding legacy PO/PF. The UE would only know, when it needs to become reachable (based on NAS information) and it will be up to UE decision if it only listens to one or more PO/PFs and for how long it stays in paging idle mode before entering back in the sleep period of the I-eDRX cycle (which corresponds to the time shown between B and C in Figure 1). The main disadvantage is that the UE may take the wrong assumption e.g. if UE assumes a short PTW, the benefit of the network repeating the paging message may be lost, and if it assumes a long PTW, it may have negative impact on the UE power consumption. Alternatively, assuming an ideal scenario, in which the UE knows exactly the instant when the network sends the paging message to the UE, it could be understood that it is enough if the UE only wakes up at one of the paging opportunities; however, the drawback is that the paging reliability would still not be guaranteed. 
Option b. The UE is aware of PTW that is used by the network to page the UE.  This option assumes that UE knows for how long the network might repeat the paging message within the I-eDRX cycle in the corresponding legacy PO/PF. The main advantage is that the paging reliability can be guaranteed by UE and network sides, understanding that the UE might require additional time to re-synchronize. On the other hand, if PTW is set differently per UE, it is beneficial if the UE could also suggest its desirable value for the network to also take into consideration depending on its re-synchronization capabilities.
Assuming that PTW is used by UE, MME and eNB, as previously explained, the MME could store the PTW information as a value defined per UE or as a value defined for the whole network; hence, the MME could indicate to the eNBs the updated PTW every time that the UE needs to be paged. This way, the eNB could also decide in which PO/PF to page the UE (e.g. based on the PTW length, network load, etc) and whether to repeat the paging message or not over the air within the remaining time of the PTW. Alternatively, the MME could know (e.g. through S1-AP configuration information) if the eNB supports the repetition of paging for a UE within the PTW. The advantage is that if the eNB does not support it, the MME could take the role to trigger those paging repetitions within the PTW, understanding that it might not be optimum from S1 signaling point of view. However, this mechanism would allow the MME to send the paging indication to larger number of eNBs if the UE did not establish the RRC connection after certain time within the PTW. Moreover, MME could set the PTW to 0 in order to also indicate the eNB when to stop the paging repetitions to a UE that already got connected in a given cell.

Proposal 2. To agree that a time window (PTW) within the I-eDRX cycle is used to know when a UE may become reachable through legacy paging in idle mode i.e. time window in which the paging repetitions may be sent by the network to the UE within that I-DRX cycle. 
Proposal 3. To agree that eNB and/or MME may trigger multiple paging to be sent over the radio interface to a certain UE within the PTW of the I-eDRX when the UE becomes reachable, with final decision up to SA2.

Proposal 4. To agree that there is benefit for eNB, MME and UE to know the PTW within an I-eDRX cycle during which each UE becomes reachable (i.e. time when UE is reachable on idle mode using legacy DRX).

Proposal 5. To agree that UE may suggest to MME its desirable PTW via NAS signaling, with final decision up to SA2.

Proposal 6. RAN2 to agree that PTW is configured to UE via NAS signaling, with final decision up to SA2.

Proposal 7. RAN2 to agree that PTW may be indicated to eNB via S1-AP signaling, with final decision up to SA2/CT1.
2.2 UE mobility accross cells with different I-eDRX support
I-eDRX functionality is configured via NAS signaling assuming that MME and UE support it; however, it also requires that the eNB supports it, i.e. the H-SFN. On this regard, if cells within a TAU have different support configuration of the I-eDRX functionality, it would be important to confirm the expected UE behaviour. In that scenario, when a UE configured to use I-eDRX in a cell camps in another cell that does not support it, the UE would behave as legacy (i.e. uses legacy DRX cycle), ignoring the I-eDRX configuration but still maintaining it in case it reselects to another cell that does support I-eDRX.  
Proposal 8. When a UE configured to use I-eDRX, reselects a cell that does not support I-eDRX, it behaves as legacy, i.e. uses legacy idle DRX cycle, maintaining the I-eDRX configuration settings, in case it reselects back to another cell that does support I-eDRX. 

2.3 UE behaviour during I-eDRX sleep period
Extended DRX cycle solution primarily reduces UE power consumption for devices with infrequent traffic that need to be reachable for MT data with certain delays in the order of several minutes to an hour. Therefore, while a UE is in the sleep period of the I-eDRX, the cell re-selection and RRM mechanisms could be left up to UE implementation. Moreover, the UE could be allowed to turn off all AS activities, leaving up to each UE implementation the decision of which layer, i.e. AS or NAS, would control the timer that triggers when to wake up the UE within the I-eDRX cycle. In some way, I-eDRX could be considered similar to PSM; however, the UE might need to wake up with enough time to receive SI and/or perform cell re-selection, if it is applicable. 

Proposal 9. To leave it up to UE implementation whether any AS action is required while UE is in extended DRX sleep period (similarly to PSM definition).

Exemplary update to TS 36.304: 
“When NAS indicates that PSM or I-eDRX inactive time 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 or I-eDRX inactive time, it is up to UE implementation whether it performs the corresponding action immediately or the latest when PSM or I-eDRX inactive time ends. When NAS indicates that PSM or I-eDRX inactive ends, the UE shall perform all idle mode tasks.”
3 Conclusion
This contribution addresses open aspects related to the RAN specification of extended DRX solution in idle mode (I-eDRX) proposing the following aspects:
Proposal 1. RAN2 to agree that, irrespective of the NAS layer decision on the trigger information to determine when to enter and wake up from I-eDRX, the AS layer of the UE could map the instant of when to become reachable to certain H-SFN/SFN, understanding that this mapping or relation is up to UE implementation.

Proposal 2. To agree that a time window (PTW) within the I-eDRX cycle is used to know when a UE may become reachable through legacy paging in idle mode i.e. time window in which the paging repetitions may be sent by the network to the UE within that I-DRX cycle. 
Proposal 3. To agree that eNB and/or MME may trigger multiple paging to be sent over the radio interface to a certain UE within the PTW of the I-eDRX when the UE becomes reachable, with final decision up to SA2.

Proposal 4. To agree that there is benefit for eNB, MME and UE to know the PTW within an I-eDRX cycle during which each UE becomes reachable (i.e. time when UE is reachable on idle mode using legacy DRX).

Proposal 5. To agree that UE may suggest to MME its desirable PTW via NAS signaling, with final decision up to SA2.

Proposal 6. RAN2 to agree that PTW is configured to UE via NAS signaling, with final decision up to SA2.

Proposal 7. RAN2 to agree that PTW may be indicated to eNB via S1-AP signaling, with final decision up to SA2/CT1.

Proposal 8. When a UE configured to use I-eDRX, reselects a cell that does not support I-eDRX, it behaves as legacy, i.e. uses legacy idle DRX cycle, maintaining the I-eDRX configuration settings, in case it reselects back to another cell that does support I-eDRX. 

Proposal 9. To leave it up to UE implementation whether any AS action is required while UE is in extended DRX sleep period (similarly to PSM definition).
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5 Annex A
The agreements of RAN2#90 in extended DRX are the following:
	Agreements:

· For idle mode, RAN2 agrees that the DRX should be extended past the current SFN limit of 10.24s.   From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes.   How many minutes it is FFS.  

· For connected mode, the DRX cycle can be extended up to 10.24sec.  FFS whether the DRX should be extended past 10.24s.  

· Respond to SA2 to capture the RAN2 agreements on idle mode and connected mode.  For connected mode, we will capture that RAN2 is still studying the impacts of extending past 10.24s and would like to ask SA2 input on CN impacts and acceptable ranges from SA2 point of view.  

For idle mode:

· FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).

· Once the UE wakes up the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  

· To improve paging reliability, the paging message can be repeated on different the paging occasions determined using the legacy DRX formula for a certain time window.  FFS how the UE determines for how long to monitor for paging messages. 


In RAN#69 it was agreed that extended connected mode DRX cycle beyond 10.24 seconds is no longer pursued in REL-13 LTE extended DRX WI (RP-150799). The agreements of RAN2#91 in extended DRX are the following:
	Agreements

· To improve power saving gains, the UE should be able to re-synchronize over Uu with the RAN without sending uplink signalling (i.e. H-SFN or time clock broadcast information).

· H-SFN based paging will be adopted in the RAN  

· RAN2 has agreed that it would be desirable to minimize or avoid storing paging messages in eNB.  To avoid storing of paging message would require the MME to have some awareness of approximate time of when the UE will become reachable.  It is up to SA2 how this is achieved.

· For paging robustness purposes for mobile UEs, some lose H-SFN synchronization between cells may be required


LS sent by RAN2 to SA2 "Reply LS on paging coordination in extended idle mode DRX" [1]:
RAN2 agreed to define a hyper-SFN (H-SFN) in the RAN in order to enable Rel. 13 extended DRX in idle mode. The motivation is to provide the means for a UE to be able to re-synchronize over Uu with the RAN without sending uplink signalling and to improve power saving gains.

The hyper-SFN (H-SFN) is broadcasted by the cell. Each H-SFN corresponds to one SFN cycle (i.e, 10.24s).  

It was observed that extended DRX operation requires storing of paging messages in the network for extended periods of time. RAN2 has agreed that it is desirable to minimize or avoid storing paging messages in the RAN nodes.


Minimizing or avoiding storing of paging messages in the RAN nodes requires the MME to have some awareness of the approximate time when the UE will become reachable. How this is achieved is up to SA2.

In order to ensure paging robustness when the UE moves between cells, it is necessary to provide a mechanism to minimize the probability of missing pages caused by a lack of any H-SFN synchronization in the network. Even though tight synchronization (such as SFN or subframe level) is not required, loose H-SFN synchronization is necessary in the network. 

Loose H-SFN synchronization may be achieved if the H-SFN timing difference between the eNBs is at most in the range of the time window where paging repetitions are sent by the network to the UE within an eI-DRX cycle. 

Actions:

To SA2 - RAN2 kindly asks SA2 to:

1. Provide a solution that enables MME awareness of the approximate time when the UE will become reachable. 

2. Provide a solution to achieve loose H-SFN synchronization in the network.

To RAN3 - RAN2 kindly asks RAN3 to take the above into account and provide an input if appropriate.
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