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Abstract of the contribution: proposes a solution for signalling reduction in the core network, due to the high mobility of massive V2X devices.
1. Introduction
To address the key issue raised in S2-161646 as below, a new UE state is proposed when the V2X device is performing the V2X service under Mode 1. Based on this new UE state, an optimized mobility management procedure is introduced as a way forward. 
-
Study the optimization on related EPC procedures to minimize the signalling cost in the core network, due to the high mobility of massive V2X UEs;
2.
Discussion

2.1
UE state when performing V2X service under Mode 1
When a UE performs the normal LTE service, a NAS signaling connection needs to exist between the UE and the MME to perform the session management related procedure (e.g. bearer modification). However, when a V2X device performing V2X service under Mode 1, there is no need to establish a NAS signaling connection between the UE and the MME.
According to the ECM_CONNECTED state definition in TS 23.401, if the UE only has RRC connection, but the S1_MME connection is not established, the UE should be in ECM_IDLE state.

For a UE in the ECM-CONNECTED state, there exists a signalling connection between the UE and the MME. The signalling connection is made up of two parts: an RRC connection and an S1_MME connection.

So it is proposed that when the V2X device performs the V2X service under Mode 1, the V2X device is in RRC_CONNECTED state but without NAS connection to the MME. The ECM model in the UE and MME are both ECM_IDLE.
Proposal 1: when performing the V2X service under Mode 1, the V2X device stays in RRC_CONNECTED but ECM_IDLE state.
2.2
Handover optimization solution
If the UE is in the RRC_CONNECTED but ECM_IDLE state, from the MME point of view, the mobility of UE can be hidden from the CN, similar to the cell reselection. So all the core network signaling can be saved. From the eNodeB point of view, when changing serving eNB, only need to transfer the UE context between s-eNB and t-eNB, the bearer associated steps can be skipped.
If we use the X2-based handover as an example, based on the previous analysis, the red message in the below Figure is not needed.
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 Figure 1: X2-based handover without Serving GW relocation
The core network signaling comparison is shown in Table 1, if UE location notification steps and bearer modification steps can be removed from the handover procedure, the message number reduction is obvious.
Table 1: core network signalling comparison
	
	Message number of normal handover (Note)
	Message number after optimization (Note)

	X2（intra MME, without SGW change） 
	4
	0

	X2（intra MME, with SGW change） 
	8
	0

	S1（intra MME, without SGW change） 
	9
	7

	S1（intra MME, with SGW change）
	15
	7

	S1（inter MME, without SGW change） 
	13
	9

	S1（inter MME, with SGW change）
	19
	9


Note: only count the S1-AP and GTP-C message, data forwarding path setup messages and TAU related messages are not included.
Proposal 2: when performing the V2X service under Mode 1, the purpose of UE mobility management is to transfer the UE context between s-eNB and t-eNB.
3.
 Proposal
It is proposed to add the following solutions in TR 23.785.
* * * * Start of Change * * * *
6
Solutions
6.X
Solution #X: Mobility management optimization for PC5-based V2X device
6.X.1
Genaral Description
This solution focuses on how to optimize the handover procedure for the V2X devices. In order to reduce the core network signaling introduced by the high-speed mobility, a new UE state is proposed in this solution. When a UE performs V2X service under eNodeB scheduling and there is no UU data transfer requirement, the UE should be in RRC_CONNECTED but ECM_IDLE state. If the UE is in this new state, when the serving eNodeB changes, there is no need to perform the path switch and bearer modification related steps.
6.X.2

Procedures

6.X.2.1
UE state transfer 
6.X.2.1.1 Transfer from ECM_CONNECTED state to RRC connected but ECM_IDLE state
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Figure 1: S1_AP connection suspend procedure
1. When a ECM_CONNECTED UE is performing the V2X service under eNodeB scheduling and there is no UU data transfer for the UE for a while, the eNodeB sends the S1-AP Connection Suspend Request message to suspend the UE associated S1-AP connection. Upon receiving this message, the MME keeps the MME UE S1AP ID, and deletes other S1-AP connection related information ("eNodeB Address in Use for S1-MME", "eNB UE S1 AP ID"). The ECM state of UE in the MME enters into ECM-IDLE. And the eNodeB keeps the S1 AP connection related information, but deletes the bearer context.
2.
The MME sends a Release Access Bearers Request message to the Serving GW that requests the release of all S1-U bearers for the UE.
3.
The Serving GW releases all eNodeB related information (address and downlink TEIDs) for the UE and responds with a Release Access Bearers Response message to the MME. Other elements of the UE's Serving GW context are not affected. If downlink packets arrive for the UE, the Serving GW starts buffering downlink packets received for the UE and initiating the "Network Triggered Service Request" procedure, described in clause 5.3.4.3.

4. 
The MME sends a S1-AP connection suspend response message to the eNB. 

5.
The eNodeB deletes all SGW related information ("Serving GW Address" and "S1-TEID") from UE context and performs a RRC Connection Reconfiguration procedure to release all of the DRB for the UE, then the UE enters into RRC_CONNECTED but ECM_IDLE state.
6.X.2.2
Mobility management under RRC_CONNECTED but ECM_IDLE state

If the UE is in RRC_CONNECTED but ECM_IDLE state, a new mobility management should be performed when changing the serving eNB. The purpose of this new mobility management is to transfer the UE context between s-eNodeB and t-eNodeB.
6.X.2.2.1
X2-based mobility management
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Figure 3: X2-based mobility management without Serving GW relocation
This solution involves the following different steps compared to the procedures described in clause 10.1.2.1.1 of TS 36.300.

3. The source eNB sends a HANDOVER REQUEST message to the target eNB without E-RAB related information. The cause indicates that the procedure is triggered by V2X device mobility, upon which the target eNodeB will not inform the MME that the UE has changed cell.
4. The target eNB responses a HANDOVER REQUEST ACKNOWLEDGE to the source eNB without E-RAB related information.
6.X.2.2.2
S1-based Mobility management
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Figure 4: S1-based mobility management without Serving GW relocation
This solution involves the following different steps compared to the procedures described in clause 5.5.1.2.2 of TS 23.401, the IEs related to the EPS bearers are removed.

2. The source eNodeB sends Handover Required (Source to Target transparent container, target eNodeB Identity, target TAI, S1AP Cause) to the source MME. The S1-AP cause indicates that the procedure is triggered by V2X device mobility.
3. The source MME selects the target MME as described in clause 4.3.8.3 on "MME Selection Function" and if it has determined to relocate the MME, it sends a Forward Relocation Request (MME UE context, Source to Target transparent container, RAN Cause, target eNodeB Identity, target TAI) message to the target MME. The RAN cause indicates that the procedure is triggered by V2X device mobility, upon which the MME will not set up the forwarding path. 
4. The Target MME sends Handover Request (AMBR, S1AP Cause, Source to Target transparent container) message to the target eNodeB.
5. The target eNodeB sends a Handover Request Acknowledge message to the target MME.
6. If the MME has been relocated, the target MME sends a Forward Relocation Response (Cause, Target to Source transparent container) message to the source MME.

7. The source MME sends a Handover Command (Target to Source transparent container) message to the source eNodeB.

8. The Handover Command is constructed using the Target to Source transparent container and is sent to the UE.
9. After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the target eNodeB.

10. The target eNodeB sends a Handover Notify (TAI+ECGI) message to the target MME.
11. The UE initiates a Tracking Area Update procedure when one of the conditions listed in clause "Triggers for tracking area update" applies.

12. The source MME sends a UE Context Release Command message to the source eNodeB. The source eNodeB releases its resources related to the UE and responds with a UE Context Release Complete message.
6.X.3
Impact on existing entities and interfaces

Editor's Note: Impacts on existing nodes or functionality will be added.

This solution impacts UE, eNB and MME.
6.X.4
Topics for further study
Editor's Note: Topics for FFS will be collected for this particular functionality.
It is FFS how the UE transfers from ECM_IDLE state to RRC connected but ECM_IDLE state.
It is FFS how the UE transfers from RRC_CONNECTED but ECM_IDLE state to ECM_CONNECTED state, when the UE needs to perform normal LTE service.
6.X.5
Conclusions

Editor's note:
Conclusions will be collected for this particular functionality.
* * * * End of changes * * * *
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