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Abstract of the contribution: This paper proposes a new solution for KI#6 eRemote-UE Idle mode Operation.
1 Background
During SA2#121 in Hangzhou we discussed eRemote-UE in ECM_IDLE mode in the context of REAR and agreed to list a few aspects that needs further study under Key issue 6.
	-
Whether and how the eRemote-UE and eRelay-UE ECM idle state and idle mode behaviours are impacted compared to “normal UE” ECM idle state.

-
Whether any linkage between eRemote-UE and eRelay-UE contexts is needed in the MMEs, and, if need, how? Including any aspects of various timers (e.g., TAU timers, inactivity timers) and paging area.

-
Investigating the system impact of the RAN2 assumption that the eRemote-UE and eRelay-UE are "linked".

Editor’s note: The RAN2 assumption about "linked" below needs be validated by SA2. As captured in TR 36.746 [3], "Linked" means that the short range link is setup between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE and both UEs can exchange data in any direction. For LTE sidelink, "linked" state is equivalent to state of PC5 connection established.

-
Study and evaluate the system impact by comparing solutions supporting the various paging alternatives proposed by RAN2, including when the eRelay-UE is in ECM idle or ECM connected state:

-
How the eRemote-UE’s identities are made visible to the eRelay-UE.

-
Whether and how eRemote-UE idle mode DRX/eDRX negotiated scheme needs to be shared with the eRelay-UE.

-
How the DDN for the eRemote-UE is handled by the MME when creating the corresponding S1AP paging message.


2 Discussion

The eRemote-UE can after being in ECM_CONNECTED either transition to ECM_IDLE or DEREGISTER from the 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. From a core network perspective a UE in ECM_IDLE needs to send the keep-alive message periodic TAU and send reachability updates due to mobility, mobility TAU. 
The aspects in key issue 6 are discussed one by one below.

1) Whether and how the eRemote-UE and eRelay-UE ECM idle state and idle mode behaviours are impacted compared to “normal UE” ECM idle state.
Considering that RAN2 agreed to forward important SI, when the information has changed:
· Essential SIBs are relayed to all linked remote UEs commonly

· MIB: SFN, bandwidth

· SIB1: PLMN, cell information

· SIB2: Access barring information

· Any FeD2D SIB related info, e.g. SIB18/19 or new SIBs

Since, SIB1 is forwarded the eRemote-UE can detect mobility outside registered area and can generate mobility based TAU. Idle mode behaviour does not need to change. 

Observation 1: The eRemote-UE can detect mobility across TA boundary and generate TAU based on either mobility or timer expiring. The eRemote-UE ECM_IDLE behaviour is unchanged seen from a core networks perspective.
2) Whether any linkage between eRemote-UE and eRelay-UE contexts is needed in the MMEs, and, if need, how? Including any aspects of various timers (e.g., TAU timers, inactivity timers) and paging area.
Any linkage should be avoided, however some information needs to be shared. A S1-AP Paging message includes the UE Paging IE (IMSI, S-TSMI and specific DRX or eDRX values). The eNB will use IMSI and DRX value to calculate the Paging Occasion (PO) and create the page with correct ID, hence if the eRemote-UE’s MME shall page the eRemote-UE via the eRelay-UE, the eRemote-UE MME needs to include the eRelay-UE Paging IE in the S1-AP Paging message.

The only “linkage” needed is storage of the UE paging IE of the eRelay-UE in the eRemote-UE context.  
Observation 2: The eNB needs the eRelay-UE Paging IE in order to calculate the Paging Occasion (PO) and create the eRelay-UE Page message with correct ID.

In order for the eNB to fetch the UE paging IE of the eRelay-UE and add the IE to the S1_MME control message that is forwarding the NAS message from the eRemote-UE, we propose that the eRelay-UE MME includes the eRelay-UE Paging IE when sending the Initial UE Context Setup request to the eNB.
Proposal 1: When the eRelay-UE MME sends the Initial UE Context Setup request to the eNB, the eRelay-UE MME includes the eRelay-UE paging IE.

Proposal 2: The eNB adds the eRelay-UE Paging IE to the S1_MME control message that is forwarding the NAS message from the eRemote-UE to the eRemote-UE MME. The eRemote-UE MME stores the eRelay-UE Paging IE in the eRemote-UE context.
3) How the DDN for the eRemote-UE is handled by the MME when creating the corresponding S1AP paging message.
The SGW sends DDN to eRemote-UE MME, and MME sends Paging message according to legacy behaviour with the addition to also add the eRelay UE Paging IE. In other words the Paging message will include the UE paging IE of both the eRemote-UE and the eRelay-UE. 

Proposal 3: When the eRemote-UE MME receives the DDN, the eRemote-UE MME sends a Paging Message including both the eRemote-UE Paging IE and the eRelay-UE Paging IE.

4) How the eRemote-UE’s identities are made visible to the eRelay-UE.
No need for the core network, since the eRemote-UE page message is sent via the eRelay-UE. The eRelay-UE Page is constructed by using eRelay-UE paging IE. The Page can either trigger the eRelay-UE to perform Random Access and check the paging cause or directly construct a PC5 Page message to the eRemote-UE if the original Page message includes information allowing the eRelay-UE to perform this Page Forwarding. The information needed to be added is the S-TMSI of the eRemote-UE and the eRemote-UE PO timing. At an earlier time the eRelay-UE would have associated the eRemote-UE S-TMSI with the eRemote-UE L2 address when performing L2 relaying. Storing this association locally in the eRelay-UE would allow the eRelay-UE to resume the adaption layer function (S-TMSI ←→ eRemote UE L2 address). To be detailed by RAN, since it relates to the adaption layer design.

5) Whether and how eRemote-UE idle mode DRX/eDRX negotiated scheme needs to be shared with the eRelay-UE.
Timing of the eRemote-UE Page message could be provided to the eRelay-UE by the eNB. The PO timing information is calculated from eRemote-UE DRX Idle mode scheme that was provided to the eNB in the eRemote-UE Paging IEs. The eRemote-UE PO timing can be a specific subframe, absolute time or a Paging Time Window if the eRemote-UE is using eDRX.
Observation 3: It is not necessary to share any i-DRX values between the devices or require a new “DRX” value for the PC5 link to be negotiated.

Proposal 4: The eNB constructs an eRelay-UE Page message based on both received UE Paging IE, this includes calculating the eRemote-UE Paging Occasion (PO) to be used by the eRelay-UE to send the PC5 Page message at the correct time.

6) Study and evaluate the system impact by comparing solutions supporting the various paging alternatives proposed by RAN2, including when the eRelay-UE is in ECM idle or ECM connected state:
In case the eRelay-UE is already in ECM/RRC Connected, the eNB receiving the eRemote-UE paging message will send a RRCConnectionReconfiguration message (incl remote UE’s S-TMSI, PO timing) to the eRelay-UE instead of paging the eRelay-UE. The eRelay UE will upon receiving the RRCConnectionReconfiguration message generate a “PC5 Page message” to the eRemote-UE. Details of this procedure to be detailed by RAN.

Proposal 5: In case the eRelay-UE is already RRC Connected, the eNB sends a RRCConnectionReconfiguration message instead of a Page message.

This means from a Core network perspective, the paging of an eRemote-UE will be the same no matter whether the eRelay-UE is in Idle or Connected mode.

Observation 4: The eRemote-UE MME does not need to be aware of whether the eRelay-UE is in ECM_CONNECTED or ECM_IDLE.

7) Investigating the system impact of the RAN2 assumption that the eRemote-UE and eRelay-UE are "linked".
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.

Having the PC5 link established should be avoided when the eRemote-UE is in “idle mode”, since PC5 established means that the UE is in CONNECTED mode. It is more power efficient to use one-2-many communication for forwarding SI and page messages. In TS 23.303 the cell ID is shared with remote-UEs using a one-2-many scheme, can something similar be used for SI sharing and PC5 paging?
Observation 5: In TS 23.303 the cell ID is shared with remote-UEs using a one-2-many scheme, can something similar be used for SI sharing and PC5 paging?

3 Conclusions

Observation 1: eRemote-UE can detect mobility across TA boundary and generate TAU based on either mobility or timer expiring. The eRemote-UE ECM_IDLE behaviour is unchanged seen from a networks perspective.

Observation 2: The eNB will need the eRelay-UE Paging IE in order to calculate the Paging Occasion (PO) and create the eRelay page message with correct ID.

Proposal 1: When the eRelay-UE MME send the initial UE context setup request to the eNB, the eRelay-UE MME includes the eRelay-UE paging IE.

Proposal 2: The eNB add the eRelay-UE paging IE to the S1_MME control message that is forwarding the NAS message from the eRemote-UE to the eRemote-UE MME. The eRemote-UE MME stores the eRelay-UE Paging IE in the eRemote-UE context.

Proposal 3: When the eRemote-UE MME receives the DDN, the eRemote-UE MME send a Paging Message including both the eRemote-UE Paging IE and the eRelay-UE Paging IE.

Observation 3: It is not necessary to share any i-DRX values between the devices or require a new “DRX” value for the PC5 link to be negotiated.

Proposal 4: The eNB constructs an eRelay-UE Page message based on both received UE Paging IE, this includes calculating the eRemote-UE Paging Occasion (PO) to be used to send the PC5 Page message at the correct time.
Proposal 5: In case the eRelay-UE is already RRC Connected, the eNB sends a RRCConnectionReconfiguration message instead of a Page message.

Observation 4: The eRemote-UE MME does not need to be aware of whether the eRelay-UE is in ECM_CONNECTED or ECM_IDLE.
Observation 5: In TS 23.303 the cell ID is shared with remote UE using a one-2-many scheme, can something similar be used for SI sharing and PC5 paging?

4 Proposal

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

6.6.x
Solution x: Idle Mode Operation and Paging
6.6.x.1
Description

6.6.x.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 TR36.746 [3]
6.6.x.1.2
UE Idle Mode behaviour in idle mode
A eRemote-UE in ECM_IDLE will “camp” on the eRelay-UE. RAN2 technical report TR36.746 [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 TR36.746 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.
6.6.x.1.3
UE Paging IE sharing solution
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Figure 6.6.x.1.3-1: UE Paging IE sharing
The procedure in figure 6.6.x.1.3-1 is based on solution 6.1.5 in TR 23.733 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.

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) 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 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 
6.6.x.1.4
eRemote-UE Paging solution
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Figure 6.6.x.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 6.6.x.1.3. Note that message in step 10 in 6.6.x.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 IMSI can be shared then same mechanism described in solution 6.6.x in clause 6.x.y.2 step 2 can be executed in conjunction with setting up the PC5 link.
1.
The eRemote-UE is in idle mode and camps on the eRelay-UE.
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. 

2.
The eRemote-UE MME receive a DDN from the SGW notifying the MME that there is pending down link data for the eRemote-UE.
NOTE 2: The figure 6.6.x.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.
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 2: 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 3: 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 4: It is up to RAN to decide how this “PC5 Page message” is sent. Futhermore 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.
6.6.x.2
Impact analysis

eRemote-UE:

-
No impact

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
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. 
6.6.x.3
Evaluation


1) 
2) 


* * * End of changes * * * *

�According to 24.301 Attach, TAU, SR do not cipher the UE identifier.
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