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Abstract of the contribution: This paper proposes a new solution for KI#5 Service Continuity.
1 Background
During SA2#120 in Busan we discussed whether an eRemote-UE can be in ECM_IDLE mode and in such case what does this mean. The agreement was to add a key Issue placeholder, but not allow any solution before key issue is fully understood. The following was added to TR23.733
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561 General description

Editor’s note: _ This is a placeholder for defining the key issue related to Reachability of eRemote-UEs in ECM
idle mode based on the corresponding (and ongoing) RAN2's work on paging concept via eRelay-
UE.

Editor’s note: _Solutions addressing this specific key issue will not be discussed until the key issue is defined.





In RAN2#97 meeting, RAN2 discussed multiple options how to page an eRemote-UE and sent SA2 an LS in R2-1703967, in which they ask for SA2 for our view on two of these options. 
· “Option 2”: When the remote and relay UE are linked, relay UE monitors the remote UE’s paging occasions in addition to its own. If a page for the remote UE is detected, relay UE forwards the paging record to remote UE.
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Figure 1: Option2 principle
· “Option 3”: When the remote and relay UE are linked, the network re-schedules paging for the remote UE to occur on the relay’s paging occasions, i.e., remote UE’s PO is changed to relay UE’s PO based on parameters provided by the MME.  The relay monitors only its own paging occasions, and if a page for the remote UE is detected, relay UE forwards the paging record to remote UE. 
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Figure 2: Option3 principle
2 Discussion

The eRemote UE can after being in ECM_CONNECTED either transition to ECM_IDLE or DEREGISTER from the network. Based on the RAN2 discussion it is obvious that RAN2 assume that an eRemote-UE can be in ECM_IDLE and that the eRemote-UE can be “paged” via the eRelay-UE. Details on the “new” paging method is still FFS.
Observation 1: SA2 needs to investigate what impact an eRemote-UE in ECM_IDLE mode has on the Core Network. 

In ECM_IDLE and RRC_IDLE the UE needs to perform several tasks, many of these are not visible to the core network e.g. cell reselection within the registered area. RAN2 indicates in the proposed paging options that the eRemote-UE will have to stay “linked” with the eRelay-UE, i.e. PC5 connection is established and maintained, during the ECM_IDLE. RAN2 have an open issue to investigate how to minimize UE power consumption in “Linked mode”, this might have impact to ProSe functionality e.g. PC5 keep alive timers. The Goal is to achieve similar power consumption as DRX/eDRX. The eRemote-UE in “Linked” mode can be considered as the eRemote-UE is camping on the eRelay-UE.

From a core network perspective a UE in ECM_IDLE needs to send keep-alive message pTAU and send reachability updates due to mobility, mobility TAU. Another RAN2 assumption is that when an eRemote is “Linked” and in ECM_IDLE it shall be able to stop monitoring the Uu. This means that the “linked” eRemote-UE will NOT detect mobility, and will therefore not trigger a mobility TAU. However the eRelay-UE will send mobility TAU when the group (eRelay-UE and all linked eRemote-UEs) has mobility together.

Observation 2: eRemote-UE will NOT trigger mobility TAU since it does not monitor Uu

Observation 3: In case of group mobility, the eRelay-UE detects mobility and triggers a mobility TAU

Observation 4: If the registered area (TA,TAlist) is not the same between the eRelay-UE and eRemote-UE, it might happen that a eRemote-UE will leave it’s register area without triggering a mobility TAU.
Proposal 1: Solutions to secure eRemote-UE reachability in case of group mobility shall be studied. 

Second topic to investigate is the S1AP paging request. Some proposed solutions for KI#1 have proposed that the eNB adds the eRelay-ID to the S1AP message belonging to the eRemote-UE. This would allow the MME to keep a record of which eRelay-UE that is providing L2 relay service to the eRemote-UE, in RAN2 terminology “the eRelay-UE that the eRemote-UE is linked with”. When the MME receives a DDN (downlink data notification) corresponding to the eRemote-UE, the MME can look-up if the eRemote-UE is linked and to whom it is linked. The MME can therefore send the paging message to the correct eNB, (TA,and TAlist).

Observation 5: It is important to keep a recorded, in the eRemote-UE context, of the eRelay-UE to which the eRemote-UE is linked in order to send the paging request to the eRelay’s eNB/TA/TAlist.

Proposal 2: Investigate how to handle the case when the eRemote-UE and eRelay-UE contexts are stored in different MMEs.

Proposal 3: Investigate whether the eRemote paging message (S1AP message) needs to include the eRelay-UE ID.  

Third topic to discuss is related to the RAN2 LS, R2-1703967. Whether the MME needs to know the linked status? Obviously it is good to know whether the eRemote-UE is still linked to the eRelay-UE. Then the MME know exactly how to send the paging request. It is similar to whether the MME knows what cell the UE is camping on, and in legacy system it is not required more detailed location knowledge than TA level. An Implementation specific paging strategy will still allow the MME to page the UE. Is there any reason why an enhanced MME paging strategy will NOT be able to page an eRemote-UE that is no longer linked to the eRelay-UE?
If the eRemote-UE losses contact with the eRelay-UE (not linked anymore), then the eRemote-UE will need to search for a suitable cell to camp on. If the cell selected is outside the registered area, then the eRemote-UE (now a normal UE) will need to send a mobility TAU. After the mobility TAU procedure has been executed, then the MME knows that the eRemote-UE is no longer linked to the eRelay-UE. But what shall the UE do if the cell is still in the registered area? The UE can do two things a) send a pTAU once a suitable cell is found, to update the MME that the UE is no longer linked to the eRelay-UE. Or b) simple just start to camp on the selected cell?

Implementing a new paging strategy in which the MME that first tries to page via the last known eRelay-UE, stored in the eRemote-UE context, and if that fails start to page the eRemote-UE directly on Uu should work. A more aggressive paging strategy can be applied if needed, e.g. page via eRelay-UE and directly on Uu in parallel. It is reasonable to believe that an enhanced paging strategy will be able to page an eRemote-UE without knowing the linked status, no need to send a pTAU just because the eRemote-UE lost contact with the eRelay-UE.
Observation 6: New implementation specific paging strategy will be able to reach the eRemote-UE. There is no need to update the MME whether the linked status is changed.

The example of the more aggressive paging strategy should not be considered the same as RAN2 solution “option 2” above. Solution “option 2” proposes that the eRelay shall monitoring all the eRemote-UE Paging Occasions (PO) on top of monitoring it’s own POs. This would significantly impact the power consumption of the eRelay-UE and should therefore be avoided. Furthermore IMSI based paging also require the eRelay-UE to know all the eRemote-UE’s IMSI and the negotiated idle-DRX scheme. Sharing IMSI with other UEs is unwanted, and should be avoided. 
Proposal 4: “Option 2” in R2-1703967 is not preferred.
Proposal 5: “Option 3” is the preferred solution and should be the basis when proposing solution for key issue #6 Idle mode operation.
3 Conclusions

Observation 1: SA2 needs to investigate what impact an eRemote-UE in ECM_IDLE mode has on the Core Network. 

Observation 2: eRemote-UE will NOT trigger mobility TAU since it does not monitor Uu

Observation 3: In case of group mobility, the eRelay-UE detects mobility and triggers a mobility TAU

Observation 4: If the registered area (TA,TAlist) is not the same between the eRelay-UE and eRemote-UE, it might happen that an eRemote-UE will leave it’s register area without triggering a mobility TAU.
Proposal 1: Solutions to secure eRemote-UE reachability in case of group mobility shall be studied.

Observation 5: It is important to keep a recorded, in the eRemote-UE context, of the eRelay-UE to which the eRemote-UE is linked in order to send the paging request to the eRelay’s eNB/TA/TAlist.

Proposal 2: Investigate how to handle the case when the eRemote-UE and eRelay-UE contexts are different MMEs.

Proposal 3: Investigate whether the eRemote paging request message (S1AP message) needs to include the eRelay-UE ID and any other information.  

Observation 6: New implementation specific paging strategy will be able to reach the eRemote-UE. There is no need to update the MME whether the linked status is changed.

Proposal 4: “Option 2” in R2-1703967 is not preferred.
Proposal 5: “Option 3” is the preferred solution and should be the basis when proposing solution for key issue #6 Idle mode operation.
4 Proposal

It is proposed to include the following changes to TR 23.733
* * * Start of changes * * * *

5.6
Key Issue #6: Idle Mode Operation

5.6.1
General description



In order to increase battery efficiency for eRemote-UEs in CM-Idle mode and save resources in the network (especially in case of eRemote-UEs in extended coverage or out-of-coverage from the eNB), it seems beneficial or necessary to page such eRemote-UEs via an eRelay-UE. The RRC paging message for the eRemote-UE needs to be identified and handled by the eRelay-UE. Futhermore
RAN2 assumption is that when an eRemote is “Linked” and in ECM_IDLE it can stop monitoring the Uu. This means that the “linked” eRemote-UE might not detect mobility, and in such case will not trigger a mobility TAU and potentially break the reachability of the eRemote-UE. The following need to be investigated:
· How to support eRemote-UE reachability when in ”linked mode” shall be studied.
Editor’s note: It is FFS whether RAN2 will require eRemote-UE to monitor Uu when in “linked mode”.
· How to enhance EPC to support single paging occasion for both eRelay-UE and eRemote-UE(s) served by the eRelay-UE in idle mode while analysing the impacts on the eRelay-UE’s battery consumption. Including which UE identity/identities (i.e. S-TMSI and/or IMSI) are to be used for paging eRemote-UEs via an eRelay-UE.  
· Whether PC5 signalling protocol needs to be enhanced to enable “linked mode” operation with low power consumption, compared with idle mode DRX and eDRX.
* * * End of changes * * * *
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