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Abstract of the contribution: This contribution involves changes for paging relay solutions. 
1. Discussion
1.1 Paging area for paging relay Solution 1 and Solution 2
In legacy paging transmission, paging is transmitted within the TA list scope in which the UE has registered. When paging relay is enabled, there could be the case that the eRemote UEs and the eRelay UE has registered in different TA list. Here we discuss which TA list should be applied when MME pages the eRemote UE.
[bookmark: OLE_LINK4]For solution1, since network has the link status information about the to be paged eRemote UE and the eRelay UE, and the eRelay UE in IDLE state monitor itself POs and if determining to page the eRemote UE via the relay path MME should transmit the paging message within the TA list of the Relay UE if the Relay UE is in IDLE mode.
Modification 1: In Solution 1, MME should page the Remote UE within the TA list of the Relay UE if the Relay UE is in IDLE state.
For Solution 2, the Relay UE monitors the POs of the associated or linked Remote UE and forwards the paging to the Remote UE once identifying the paging is for the Remote UE. In this solution, MME has not the link status information about the to be paged Remote UE and the Relay UE, and if deciding to page the remote UE via the relay path MME should transmit paging message within the TA list of the Remote UE. If the Relay UE has registered on the TA list which is different with the one that the Remote UE has registered, paging relay will fail.
[bookmark: OLE_LINK220][bookmark: OLE_LINK221][bookmark: OLE_LINK7][bookmark: OLE_LINK42]Modification 2: In Solution 2, network should page the remote UE within the TA list of the Remote UE.
[bookmark: OLE_LINK47][bookmark: OLE_LINK17]Modification 3: In Solution 2, if the Relay UE has registered on the TA list which is different with the one that the Remote UE has registered, paging relay will fail.
1.2 Paging record monitoring behaviour of the Relay UE in CONNECTED mode
In legacy LTE, network can transmit directly the DL data to the UE using the existing EPS bearer without paging the UE. UE in CONNECTED mode receives paging only for monitoring the system information update and the CMAS/ETWS message.
[bookmark: OLE_LINK8]For option 2, since the network does not have the link status information of the Relay UE and the Remote UE, network must send the paging message within the TA list of the remote UE and the Relay UE in CONNECTED mode needs to monitors the Remote UE POs and decodes the Paging Record. Therefore, the paging monitoring behaviour of the Relay UE in CONNECTED mode should be further investigated and clarified.
[bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: _Hlk480816393][bookmark: OLE_LINK43]Modification 4: In Solution 2, the paging record monitoring behaviour of the Relay UE in CONNECTED mode should be further investigated and clarified.
1.3 Paging Window Length in Solution 2
[bookmark: OLE_LINK46][bookmark: OLE_LINK48]With the introduction of extended DRX, the parameter Paging Window Length was also introduced to indicate the length of the Paging Window configured for the UE, during which the UE monitors the PO calculated as normal way.  In Solution 2, the Paging Window Length parameter of the eRemote UE should also be sent to the eRelay UE.
Modification 5: In Solution 2, the Paging Window Length parameter of the eRemote UE should also be sent to the eRelay UE.
2. Proposal
It is proposed to agree on the proposed changes to TR 23.733.
[bookmark: _Toc476030860]*************** Start of changes *********************
6.6	Solutions to Key Issue 6
[bookmark: _Toc487210877]6.6.1	Solution 1: Idle Mode Operation and Paging
[bookmark: _Toc487210878]6.6.1.1	Description
[bookmark: _Toc487210879]6.6.1.1.1	General
This solution applies to key issue 6 on eRemote-UE idle mode operation, specifically how the network UE context is updated with necessary information to perform eRemote-UE paging via an eRelay-UE, option 3 according to TR 36.746 [3]
[bookmark: _Toc487210880]6.6.1.1.2	UE Idle Mode behaviour in idle mode
A eRemote-UE in ECM_IDLE will "camp" on the eRelay-UE. RAN2 technical report TR 36.746 [3] clause 5.1.2-3 and 5.2.2. discuss some UE aspects for IDLE mode. 
The eRelay-UE transmit SSLS/BSBCH which can serve as synchronization source for e.g. the out-of-coverage eRemote-UE.
A eRemote-UE in idle shall be linked in order to receive a forwarded page from the eRelay-UE. For a eRemote-UE in Idle a new PC5 DRX scheme shall be specified. In TR 36.746 [3] clause 5.2.1 there is an Editor's note stating. 
"Editor's note:	Details of PC5 DRX configuration are FFS (e.g. if explicit DRX configuration or configuration based on pool configuration). The details for IDLE mode depends on paging mechanism/option chosen."
The eRemote-UE will be configured with PC5 DRX by the eNB when indirect communication set-up is performed.
The eRelay-UE is expected to forward important system information using PC5 broadcast/multicast. The eRemote-UE shall monitor broadcasted system information in order to detect mobility across TA boundary. Upon UE mobility across a TA boundary the eRemote-UE generates a mobility TAU. Furthermore the eRemote-UE sends a periodic TAU upon timer expirers.
Much of the UE Idle mode behaviour resides in the RAN domain, but importantly from a CN perspective is that legacy TAU triggering mechanism in the UE can remain as specified. The CN can expect same UE behaviour for an eRemote-UE as for a normal UE camping directly on an eNB.
[bookmark: _Toc487210881]6.6.1.1.3	UE Paging IE sharing solution


Figure 6.6.1.1.3-1: UE Paging IE sharing
The procedure in Figure 6.6.1.1.3-1 is based on Solution 6.1.5 with minor updates to enable UE Paging IE sharing. The step description below only shows the delta compared to solution 6.1.5 
1-6.	Same as solution 6.1.5.
[bookmark: OLE_LINK22]7.	Same as solution 6.1.5 with the addition that the eRelay-UE MME includes the eRelay-UE's Paging IE (IMSI, S-TSMI and specific DRX or eDRX values, the TA list) in S1-AP Initial Context Setup Request message and that the eNB stores the eRelay-UE Paging IE in the eRelay-UE context. 
NOTE 1: The eRelay-UE Context is updated upon eRelay-UE mobility e.g. eRelay-UE change of MME. This update will include an updated Paging-IE.
8.9.	Same as solution 6.1.5.
10.	Same as solution 6.1.5 with the addition that the eNB attaches the eRelay-UE's Paging IE to the S1-MME control message. 
NOTE 2:	The message from the eRemote-UE includes eRemote-UE identity, e.g. S-TMSI. This is important for eRelay-UE when monitoring S-TMSI based paging of the eRemote-UE.
NOTE 3:	The eRemote-UE MME will receive a potential updated eRelay-UE Paging IE every time the eRemote-UE generates a Service request, TAU due to mobility or upon periodic timer expiry. This will ensure that the eRemote-UE MME to have a valid eRelay-UE Paging IE.
11.	Same as solution 6.1.5 with the addition that the MME stores the eRelay-UE's paging IE in the eRemote-UE context. 
12-13.	Same as Solution 6.1.5 
[bookmark: _Toc487210882]6.6.1.1.4	eRemote-UE Paging solution


Figure 6.6.1.1.4-1: eRemote-UE paging
0.	As a Prerequisite the eRemote-UE have performed Attach, TAU or Service Request via the eRelay-UE, including that the UE Paging IE has been shared as described in clause 6.6.1.1.3. Note that message in step 10 in clause 6.6.1.1.3 includes eRemote-UE identity, e.g. GUTI, S-TMSI. This allows the eRelay-UE to store and associate the eRemote S-TMSI together with the eRemote-UE L2 address.
NOTE 1:	Whether IMSI based paging is supported depends on SA3 decision if sharing of ISMI between eRelay-UE and eRemote-UE is allowed. In case the IMSI can be shared, then the same mechanism described in solution 6.6.3 in clause 6.6.3.1.2 step 2 can be executed in conjunction with setting up the PC5 link.
[bookmark: OLE_LINK40]1.	The eRemote-UE is in idle mode and camps on the eRelay-UE.
[bookmark: OLE_LINK39]Editor's note:	Whether the camping on an eRelay-UE means being linked to the eRelay-UE or the eRemote-UE monitors one-2-many broadcast messages is FFS. 
[bookmark: OLE_LINK16]2.	The eRemote-UE MME receive a DDN from the SGW notifying the eRemote-UE MMEMME that there is pending down link data for the eRemote-UE.
[bookmark: OLE_LINK15]NOTE 2:	Figure 6.6.1.1.4-1 illustrates the case when SGW generates the DDN, but it should be noted that the MME can receive a DDN as a result of other incoming data cases e.g. incoming SMS.
3.	The eRemote-UE MME generate a S1-AP Paging message that includes UE paging IE of both the eRemote-UE and the eRelay-UE.  The eRemote-UE MME sends the S1-AP Paging message within the TA list scope of the eRelay-UE.
Editor's note:	How eRemote-UE MME knows the the TA list scope of the eRelay-UE is FFS. 


4.	Depending whether the eRelay-UE is in RRC_IDLE or RRC_CONNECTED the eNB will either a) Send a Page to the eRelay-UE or b) Send a RRCConnectionReconfiguration message to the eRelay-UE.
a) The eNB calculates the POs for both the eRemote-UE and the eRelay-UE. The eNB will send a Page message to the eRelay-UE that includes eRemote-UEs S-TMSI and calculated PO timing for the eRemote-UE, based on RAN configured PC5 DRX.
b) The eNB can calculate the PO of the eRemote-UE. The eNB will send the RRCConnectionReconfiguration message that includes the eRemote-UE's S-TMSI and calculated PO timing of the eRemote-UE, based on RAN configured PC5 DRX.
The calculated eRemote-UE PO timing can be: a specific subframe, absolute time or a Paging Time Window if the eRemote-UE is using eDRX.
NOTE 3:	The eRemote-UE can monitor "PC5 Page messages" according the MME negotiated DRX values, if eNB used this value when configuring the PC5 DRX value.
NOTE 4:	It is up to RAN to decide whether to expand the Page message with eRemote-UE ID and PO timing or whether the eRelay-UE shall perform Random Access and determine the paging cause and receive the eRemote-UE's S-TMSI and PO timing.
5.	The eRelay-UE will send a "PC5 Page message" to the eRemote-UE 
NOTE 5:	It is up to RAN to decide how this "PC5 Page message" is sent. Furthermore, potential increased latency when delivering the page to the eRemote-UE needs to be studied and align timers for the paging procedure.
6.	When eRemote-UE is in the ECM-IDLE state, upon reception of paging indication, the eRemote-UE initiates the UE triggered Service Request procedure, according to Solution 6.3.1.
[bookmark: _Toc487210883]6.6.1.2	Impact analysis
eRemote-UE:
-	No impactNeed to monitor “PC5 Page message” as specified in RAN.
eRelay-UE:
-	Need to store eRemote-UE S-TMSI and L2 address while the eRemote-UE is in idle mode.
-    Need to be able to schedule and construct a PC5 Page message based on the received information in Page message received from the eNB.
eRemote-UE's MME:
-	Need to store eRelay-UE Paging IE in the eRemote-UE context while the eRemote-UE is in ECM_IDLE, and when receiving a DDN construct the eRemote-UE paging message that includes both the eRemote-UE Paging IE and the eRelay-UE Paging IE as an additional IE compared to legacy.
eRelay-UE's MME:
-	Needs to include the eRelay-UE Paging IE in the S1-AP Initial Context Setup message
	Need to store the association relationship between the eRemote-UE and the eRelay-UE.
eNB:
-	Need to fetch the eRelay-UE Paging IE from the eRelay-UE context and attach it to the S1_AP message that is forwarding the eRemote-UE NAS message.	
-	Need to construct an eRelay-UE page message or a RRCConnectionReconfiguration message that includes eRemote-UE's S-TMSI and PO timing. 
[bookmark: _Toc487210884]6.6.1.3	Evaluation
[bookmark: _Toc487210885]6.6.2	Solution 2: eRelay-UE monitors RRC Paging message for eRemote-UE separately
[bookmark: _Toc487210886]6.6.2.1	Description
[bookmark: _Toc487210887]6.6.2.1.1	Means for eRelay-UE to know the eRemote-UE's IDs and DRX/eDRX
[bookmark: OLE_LINK24][bookmark: OLE_LINK44]When the eRemote-UE knows it has been authorised to access LTE network via the eRelay-UE, the eRemote-UE will send its DRX/eDRX, IMSI, and S-TMSI and Paging Window Length  to the eRelay-UE using PC5 message. 
In case there is change on the S-TMSI of eRemote-UE, the eRemote-UE will send the new S-TMSI to the eRelay-UE using PC5 message.
Editor's note:	It's FFS whether more information is needed by eRelay-UE to calculate the eRemote-UE's Paging Occasion.
Editor's note:	Whether there is any security threat for an eRelay-UE using an eRemote-UE IMSI is depending on SA WG3 decision.
[bookmark: _Toc487210888]6.6.2.1.2	Means for eRelay-UE to monitor RRC Paging message
The eRelay-UE calculates the paging occasion for each its serving eRemote-UE based on the information received from the eRemote-UE and maintains independent paging occasion for each eRemote-UE.
[bookmark: _Toc487210889]6.6.2.1.3	Paging procedure via eRelay-UE
When the Downlink Data Notification message for the eRemote-UE comes to the eRemote-UE's MME, the eRemote-UE's MME sends S1-AP Paging message to the eNBs within the TAI list serving the eRemote-UE. 
The eNB will send RRC paging message as the normal way.
The eRelay-UE in idle mode or in connected mode monitors the eRemote-UE paging occasion over Uu interface, and behaves as following:
-	When the eRelay-UE is in idle mode, the eNB will send RRC Paging message in the normal way.
-	When the eRelay-UE is in connected mode, the eNB will send the eRemote-UE's RRC Paging message to the eRelay-UE via either eRelay-UE's SRB or DRB based on RAN WG's decision.
[bookmark: _GoBack]wWhen the eRelay-UE receives the RRC Paging message for the eRemote-UE, from the S-TMSI in the message, it knows which eRemote-UE it should forward this RRC Paging message to. In case the eRelay-UE is also in idle mode, the eRelay-UE needs to trigger the Service Request procedure as defined clause 5.3.4.1 of TS 23.401 [4].
[bookmark: _Toc487210890]6.6.2.2	Impact analysis
eRemote-UE:
-	It needs to send its DRX/eDRX, IMSI, and S-TMSI and Paging Window Length to the eRelay-UE using PC5 message upon successful layer 2 relay access authorisation and S-TMSI change.
eRelay-UE:
-	It needs to store the eRemote-UE's DRX/eDRX, IMSI, and S-TMSI and Paging Window Length and calculate the paging occasion for the eRemote-UE;
-	It needs to monitor the RRC Paging message for both eRelay-UE and eRemote-UEs in different Paging occasion.
eNB:
-	Impact on how to transfer eRemote-UE's RRC paging message when the eRelay-UE is in connected state is up to RAN2.No impact
eRemote-UE's MME:
-	No impact.
eRelay-UE's MME:
-	No impact.
[bookmark: _Toc487210891]6.6.2.3	Evaluation
The eRelay-UE needs to monitor all its serving eRemote UEs RRC paging message, and it is a big challenge for UE power consumption.
If the eRelay UE is registered on the TA list which is different with the one that the Remote UE is registered on, paging relay will fail.
*************** End of changes *********************
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