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Abstract of the contribution: This contribution porposes Update to solution 44.

1. Introduction
This contribution porposes Update to solution 44.
2. Discussion
In case of S&F satellite operation mode, attach procedure or TAU procedure may take sveral minutes to hours depending on the size of the satellite constellation deployment by the operator. If the UE is not sure when the next service link is available then the UE will keep searching for the service link resulting in high power consumption. 

In order to solve the above problem, it is proposed that eNB will broadcasts service link available time which indicates when the next service link is available, the UE will start accessing the network according to the service link availability information. This is not only require to save battery power
2. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-54 V0.3.0.


[bookmark: _Toc164701096][bookmark: _Toc164701452]6.44	Solution #44: eNB buffered signalling and CP data transfer with eNB monitoring list
[bookmark: _Toc164701097][bookmark: _Toc164701453]6.44.1	Description
This solution resolves Key Issue #2.
Taking into account the intermittent availability of the service link and ground link the solution enhances Store and Forward operation while improving the UE power saving.
The enhanced attach procedure is used as example to illustrate the solution concept. 
-	The attach procedure is modified including when there is a service link between the eNodeB on board the satellite and the UE, the eNodeB generates a next accessing time based on ephemeris and sends it to the UE. The UE uses this value to know when to access an eNodeB in the future to resume the attach procedure and repeats the process until the procedure is completed. 
-	The data transport of MO and MT data is modified by introducing a mechanism to activate the S&F mode in EPC, in the RAN or both. The use of S&F mode results in a more efficient data transmission: first the most suitable eNodeB is selected to deliver data to the UE; second, the UE is instructed to stop listening if no more data needs to be transferred. 
In addition to the S&F buffering/delivery, it additionally provides the following aspects which can be applied to any S&F solution (i.e. they are not dependent on the architecture in this solutions):
-	To further enhance power saving, the UE can request to listen to a single or multiple satellites by taking into account UE power saving requirements and delay sensitivity of the data to be transferred. The eNB also broadcasts the service link availability information which will tell when the next service link is available. The UE may go to sleep mode and start accessing the network according to service link availability information. 
-	When a UE is released from connected the UE can be informed that the eNodeB that released the UE will not page the UE, enabling the UE to save power by not monitoring paging for the remaining time the UE camps on the eNodeB’s cell.
-	Since multiple UEs may share the same satellite or satellite constellation, the storage resources of the satellites may be insufficient. Thus, UE level storage space reservation should be supported to enable satellite selection of serving satellites taking storage resources into consideration.
NOTE 1:	For power saving and storage resources discussed above is general and decoupled with architecture options.
NOTE 2: 	The solution can also be applied to 5GS, with replacing the EPS nodes with the appropriate 5GS nodes (e.g. MME with AMF, eNodeB with gNB etc).
NOTE 3:	The solution assumes the use of control plane data transfer and therefore AS security is not required.
Editor’s Note: 	Whether the solution needs to support user plane data transfer is FFS.
Editor’s Note:	The handling of TAIs for the eNodeB onboard requires clarification.
The HSS can contain the S&F data quota which is provided to the MME.
[bookmark: _Toc164701098][bookmark: _Toc164701454]6.44.2	Architecture 
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Figure 6.44.2-1: eNodeB on board architecture with S&F operation
[bookmark: _Toc164701099][bookmark: _Toc164701455]6.44.2	Procedures 
[bookmark: _Toc164701100][bookmark: _Toc164701456]6.44.2.1	Attach Procedure
The enhanced attach procedure is shown in Figure 6.44.2.1-1. The eNodeB calculates a next accessing time value that indicates when the service link will become available again. The UE uses this time to resume the attach procedure. UE
MME
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1. RRC message (attach request)
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3. RRC connection released and next access timer indication
4b. Store UE NAS Messages, UE context and UE location
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Service link available
9. Repeat steps 2-4
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Figure 6.44.2.1-1: high-level procedure for S&F attach
1.	When service link is available, the UE sends RRC message including Attach Request to the eNodeB. The eNodeB may provide an indication of S&F operation by e.g. an indication in SIB.
NOTE 1:	The timeout of NAS messages should be adjusted to when the procedure uses S&F (e.g. several hours). This will be determined by CT1. 
2.	The eNodeB providing the service link (source eNodeB) may select a target eNodeB which is may be used by the UE to continue the procedure and exchange subsequent NAS message(s). The selection of the target eNodeB is based on ephemeris and UE location, and other parameters. The (source) eNodeB may select itself as target eNodeB.
	When there is only one eNodeB in the satellite constellation can provide the service link towards the UE, that eNodeB (source eNodeB) always selects itself as the target eNodeB.
	After selecting the target eNodeB, the (source) eNodeB determines the next access timer for the UE, which indicates when the target eNodeB provides service link to the UE.
Editor’s Note: How the eNodeB determines the target eNodeB is FFS.
3.	The eNodeB provides the next access timer to the UE. Until the next access timer expires, the UE can stop monitoring broadcast and paging messages to enable power saving.
4a.	The eNodeB and UE stores UE context, including at least a UE ID identifying the UE performing the attach procedure, such as the combination of C-RNTI and global eNodeB ID. The UE context is used to resume the RRC connection between the eNodeB providing the service link and the UE (see step 7).
Editor’s Note: The details of the UE context information used to resume the RRC connection in the target eNB is FFS and requires coordination with RAN.
4b.	The eNodeB stores the UE context as well as uplink NAS message (i.e. Attach Request) and the UE location information. The ULI should be generated by the eNodeB when the UE performs the RACH procedure to create or resume a connection (e.g. to send an UL NAS message such as Attach Request).
NOTE 2:	Details of the UE context used for resuming a connection will be determined by RAN.
5.	When a feeder link is available, the eNodeB sends the uplink NAS message (i.e. Attach Request) and related information as described in clause 5.3.2.1 of TS 23.401 [5] to the MME including UE location information, the UE context collected in Step 4b as well as the identity of the target eNodeB if included in Step 2.
6.	The MME interacts with other EPC elements (e.g. SGW, HSS) to progress the procedure as described in clause 5.3.2 of TS 23.401 [5]. As an example, the MME interacts with the HSS to perform authentication.
7.	When the feeder link to the target eNodeB is available, the MME sends the downlink NAS message to the target eNodeB. The MME should also start specific NAS timers applicable for S&F, considering e.g. the delays for S&F operation. 
	For multi-satellite case, the S1AP message also includes UE context and UE location information from the MME. The UE location information can be used by the (target) eNodeB to page the UE in step 8.
8.	When the service link is available (i.e. the next access timer stored in the UE expires and the target eNodeB is available to the UE), the RRC connection between the UE and target eNodeB is resumed by paging the UE trigging the RRC connection to be resumed based on the UE ID and C-RNTI stored in UE context and the next NAS uplink message is sent to the eNodeB.
9.	Steps 2~4 are repeated, for the next uplink NAS message in the NAS procedure.
10.	When the feeder link becomes available for the source eNodeB carrying the uplink NAS messages, step 5 and step 6 are repeated.
11.	When the feeder link becomes available to the target eNodeB, step 7 is repeated for the next downlink NAS message is the procedure.
Steps 8~11 are repeated as many times as required by the procedure.
As described in clause 6.44.2.4, the MME constructs and sends a S&F Monitoring List to the UE if the Attach is accepted. After the UE receives the S&F Monitoring List, the UE starts to listen to paging only from an eNodeB included in the S&F Monitoring List.
Editor's note:	How the handle the UE falling back from S&F to none S&F operation is FFS.
Editor’s note: 	How to handle the case of the UE attaching to a TN while performing S&F attach procedure is FFS.
[bookmark: _Toc164701101][bookmark: _Toc164701457]6.44.2.2	MT control plane data transfer in S&F operation mode
The call flow below illustrates how MT data is transmitted to UE in S&F mode.
Figure 6.44.2.2-1: High-level procedure for MT data transport in S&F modeSAT eNodeB
UE
MME
2. eNodeB selection, data encryption and integrity protection
Feeder link available
SGW
1. Downlink Data
P-GW
3. NAS PDU
Service link available
4. RRC connection establishment and NAS PDU delivery 
5. RRC Release and Sleep Indicator
6. Stop listening to paging during the remaining time the satellite is providing coverage
7. NAS delivery notification
Feeder link available

Precondition: the SAT eNodeB is in the S&F Monitoring List and has obtained the UE related context or needs to obtain it in step 3 from MME, e.g., AS security (if is use for a UE) and S&F data quota reservation.
1.	When the S-GW receives downlink data, it forwards the data to MME, as described in steps 1, step 2 and step 7 to step 11 of TS 23.401 [5] clause 5.3.4B.3, assuming the RAT Type is unchanged from last access.
2.	The MME determines that the UE is working in S&F mode (e.g. based on subscription data and how it attached), and it selects the most suitable eNodeB on board to deliver the downlink NAS PDU. The eNodeB selection is based on the S&F Monitoring List, e.g., the first satellite in the S&F Monitoring List which can reach the UE in shortest amount of time.
	The MME prepares the downlink NAS PDU to send to the UE, e.g. encrypts and integrity protects downlink data, performs IP header compression, as per step 12 of TS 23.401 [5] clause 5.3.4B.3.
3.	The MME sends the downlink NAS PDU to the selected eNodeB.
4.	When the service link between the selected eNodeB and the UE becomes available, and the RRC connection is established, the eNodeB delivers the downlink NAS PDU to the UE.
5.	If the eNodeB determines all stored downlink for the UE has been delivered, it may release the RRC Connection and send the UE a Sleep indicator, which informs the UE that it will not be paged by the eNodeB during the remaining time while the current eNodeB provides coverage, enabling additional UE power saving.
6.	The UE may stop listening to paging during the remaining time when the current eNodeB provides coverage.
7.	When the feeder link becomes available, the eNodeB sends a NAS Delivery indication to the MME if requested, as described in step 15 of TS 23.401 [5] clause 5.3.4B.3.
[bookmark: _Toc164701102][bookmark: _Toc164701458]6.44.2.3	MO control plane data transfer in S&F operation mode
The call flow below illustrates how MO data is transmitted from the UE in S&F mode.SAT eNodeB
UE
MME
4. Check integrity and decrypt data
Feeder link available
SGW
P-GW
3. NAS PDU
Service link available
1. RRC connection establishment or RRC early data request (NAS PDU) 
2. RRC connection release and sleep indicator 
5. Uplink Data
6. Downlink NAS/data delivery 


Figure 6.44.2.3-1: High-level procedure for MO data transport in S&F mode
Precondition: the SAT eNodeB is in the S&F Monitoring List and has obtained the UE related context or needs to obtain it in step 3 from MME, e.g., AS security (if is use for a UE) and S&F data quota reservation.
1.	Similar to step 1 of TS 23.401 [5] clause 5.3.4B.2, the UE establishes an RRC connection with an on-board eNodeB which is present in the S&F Monitoring List, and sends an uplink NAS PDU containing the Uplink Data.
2.	As the feeder link is disconnected, the eNodeB stores the uplink NAS PDU. The eNodeB may release the RRC Connection and may send the UE a Sleep indicator, which informs the UE that it will not be paged by the eNodeB during the remaining time while this eNodeB provides coverage.
3.	When the feeder link becomes available, the NAS PDU sent in step 1 is sent to the MME.
4.	Following step 3 of TS 23.401 [5] clause 5.3.4B.2, the uplink NAS PDU is decrypted, verified and any header decompression applied as needed.
5.	As per step 4 to step 8 of TS 23.401 [5] clause 5.3.4B.2 the uplink data is sent to the P-GW via the S-GW.
6.	If there is any downlink data to be delivered to the UE, then the procedure in clause 6.44.2.2 can be performed.
[bookmark: _Toc164701103][bookmark: _Toc164701459]6.44.2.4	Negotiation of S&F Monitoring List
[bookmark: OLE_LINK69]The call flow below illustrates the S&F Monitoring List negotiation procedure in S&F operation mode.
UE
eNodeB
MME
eNBs in the monitoring list

1. Attach/TAU Request
(Requested S&F Monitoring
Mode)
2. Attach/TAU Request
(Requested S&F Monitoring
Mode)
3. Attach/TAU Accept
(S&F Monitoring List)
4. Attach/TAU Accept
(S&F Monitoring List)
3a. [UE context synchronization], S&F data quota

5b. Listen to paging under coverage of particular eNodeB/SAT(s)
5a. Select eNodeB/SAT(s) included in S&F Monitoring List


Figure 6.44.2.4 -1: High-level procedure for S&F Monitoring List negotiation
Precondition: When the S1-AP connection between eNodeB and MME is established, the eNodeB sends its remaining storage space size to the MME.
[bookmark: OLE_LINK72]1.	The UE sends Attach/TAU Request including the Requested S&F Monitoring Mode (e.g., single satellite, a subset of satellites, all satellite) to the eNodeB on-board, when the service link is available, using the mechanism described in clause 6.44.2.1. The UE is aware that the procedure may be completed over more than one RRC connection, and considers that accordingly (e.g. adjusts timers etc...).
	The UE may determine its preferred S&F Monitoring Mode considering both power saving and data delivery delay requirements.
2.	The eNodeB sends Attach/TAU Request message to the MME, when the feeder link is available, as per clause 6.44.2.1 or clause 6.44.2.3 using NAS signalling.
3.	The MME obtains the UE subscription data including S&F data quota from the HSS, if not obtained yet. The MME determines UE’s S&F Monitoring List which indicates the eNodeB(s) the UE should listen to (e.g., based on UE context, UE preference, subscription data including S&F data quota, latest reported remaining storage space size of the eNodeB(s), and recommended satellites list from a new network element (e.g., URE in solution#25) which is responsible for estimating which satellites can reach the UE in short amount of time possible, etc.) and sends it to the eNodeB in the Attach/TAU Accept message as per clause 6.44.2.1 or step 6 of clause 6.44.2.3. The UE listens to paging only from an eNodeB included in the S&F Monitoring List.
3a. As long as the S&F Monitoring List is determined, when satellites in the S&F Monitoring List established S1-AP connection with MME, the MME should synchronize UE context with UE S&F data quota to them.
4.	The eNodeB sends the Attach/ TAU Accept message including the S&F Monitoring List for the UE, when the service link is available, as per clause 6.44.2.1.
5.	The MME selects a suitable eNodeB included in the S&F Monitoring List when sending DL message to the UE. The UE starts to listen to paging only when an eNodeB included in the S&F Monitoring List provides service link.
6.44.3	Impacts on services, entities and interfaces
MME:
-	Determines UE’s S&F Monitoring List for power saving and S&F data quota reservation during Attach/TAU procedure.
-	Activates S&F mode base on UE’s subscription.
-	Sends UE context and NAS PDU Data to RAN before UE is reachable.
RAN:
-	Determines target RAN based on ephemeris and UE location.
-	Generates a next access timer based on ephemeris and target RAN.
-	Stores UE context for RRC connection resume during initial attach procedure.
-	Resumes the RRC connection with the UE when the UE is in coverage again with downlink NAS message.
-	Sends UE context and, target RAN ID and UE location information to MME when feeder link is available.
-	Stores the UL and DL NAS PDU Data, until relevant service/feeder link is available.
-	Performs Paging when reaching UE’s location area.
-	Sends Sleep Indicator to UE.
UE:
-	Stores information for RRC connection resume during initial attach procedure.
-	After sending attach request, it can suspend and resume RRC connection to complete the exchange of NAS messages.
-	Can request its preferred S&F Monitoring Mode during Attach/TAU procedure.
-	If S&F Monitoring mode for power saving is agreed with the network, only listens to paging of specific RAN/SAT(s) providing the service link.
-	May stop listening to paging when service link is still available.

image1.emf









image2.emf









