SA WG2 Temporary Document

Page 7

SA WG2 Meeting #118
S2-166624
Nov 14 – 18, 2016, Reno, Nevada, USA 
(revision of S2-16xxxx)
Source:
Intel

Title:
Solution for avoidance of UE interaction from NF Load Balancing, Scaling and Migration
Document for:
Approval

Agenda Item:
6.10.18
Work Item / Release:
FS_NextGen / Rel-14

Abstract of the contribution: The contribution proposes a solution for avoidance of UE interaction from NF load balancing, scaling and migration.

1
Introduction
The Key Issue in clause 5.19.2.1 states the following:

When a Network Function is created, deleted, or moved, either within a data centre or between data centres, the IP address used by a remote entity (e.g. NG RAN node, MMF, SMF, UPF, SDM, etc.) to route signaling/data to that NF might (or might not) change.

If the IP address of such a Network Function does change, then it is very important that there is no need for UE interaction. The need to avoid UE interaction is to avoid radio interface signaling load, UE battery consumption and to handle cases where the UE is out of coverage or in Power Save Mode's/eDRX's deep sleep state.
Another way of describing the problem is that in today’s EPS there is a persistent (“sticky”) association between the UE and a specific MME from an MME pool, the identity of the serving MME (MMEC) being hard-coded in the temporary UE identifier (i.e. in the M-TMSI part of the GUTI).

As a consequence, the UE-specific signalling association on the S1-MME interface is also “sticky”, the eNB using the MMEC in the M-TMSI to select the TNL (transport network layer) association towards the MME identified with the MMEC.

When an MME needs to be withdrawn from the pool (e.g. for maintenance), the UE population that is served by this MME needs to be distributed to other MMEs in the pool by using the MME load re-balancing procedure (see 23.401 clause 4.3.7.3). The MME load re-balancing procedure involves UE interaction and creates lot of signalling on the radio interface, and is exactly the problem that is pointed at by the Key Issue in clause 5.19.2.1.

This contribution proposes a solution for handling of “stickiness” of the UE-specific association between NG RAN and the NG Core. It is expected that this solution will be beneficial in the following cases:
-
When a NF as a whole needs to be moved to a new hardware resource, which results in a change of IP address for the TNL association between RAN and the NF (this is the problem described in clause 5.19.2.1).

-
When a single UE context needs to be moved from one NF to another NF (this is similar to the MME load-rebalancing issue and the UE interaction part is also described in clause 5.19.2.1).

-
Enablement of “stateless” NF operation (e.g. when at the end of an e2e NextGen signalling transaction the updated UE context is stored in a “data layer” and the NF is released).

The description is focused on the NG2 interface, but could also be used on NG4. In other words, the proposal could be used on interfaces where the “real” world (RAN, CN user plane functions) meets the “virtual” world (CN control plane functions).

2
Solution
Described in this section is a solution for handling of the persistence (or “stickiness”) of the UE-specific RAN-CN association on the NG2 interface.

The solution is based on the following assumption:

-
The temporary UE identifier (e.g. equivalent to the M-TMSI part of the GUTI in EPS) does not identify a specific physical CN control plane function.

-
At any time after initial Attach, there is a logical CN control plane function that serves the UE. It is referred to here as the serving CN control plane function.

-
The association between UE and its serving CN control plane function is stored in a data base that can logically be considered part of the CN, but can also be queried by RAN nodes.
Depicted in Figure 1 is a call flow describing the procedure for handling of stickiness of the UE-specific association on the NG2 interface.
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Figure 1: Handling of stickiness of UE-specific association on the NG2 interface
In reference to Figure 1 the overall procedure is described as follows:

1.
UE initiates the Service Request procedure in order to initiate signalling exchange with the CN. As part of the request the UE provides a temporary UE identifier (e.g. this identifier can be the TempID that is also used for slice selection). In contrast to EPS today, the temporary UE identifier does not identify a specific physical CN control plane function.

NOTE 1: In this example the overall call flow is triggered by a Service request (i.e. by UE requesting to move from Idle to Connected mode). The procedure described below also applies to other cases where the RAN node receives a request from a UE for which it has no established UE-specific RAN-CN association (e.g. Tracking Area update, Attach, Handover complete, etc.).
2.
At any time after initial Attach, there is a logical CN control plane function that serves the UE. It is referred to here as the serving CN control plane function. The association between UE and its serving CN control plane function is stored in a data base that can logically be considered part of the CN, but can also be queried by the RAN node. The RAN node queries the data base to obtain the identity of the serving CN control plane function.
3.
The RAN resolves the identity of the serving CN control plane function into a physical address (e.g. IP address) and establishes a TNL association with that physical address. This step is optional as the RAN may already have a TNL association with this CN control plane function (e.g. because other UEs controlled by the same RAN node are already served by the same CN control plane function).

4.
The RAN establishes UE-specific association between the RAN and the CN control plane function. Note that the UE-initiated NAS transaction with the CN (initiated in step 1) can be combined with the establishment of the UE-specific RAN-CN association.

5.
This UE-specific RAN-CN association between RAN and the CN control plane function becomes “sticky” i.e. for all UE-specific signalling on the NG2 interface the messages are exchanged over the same TNL association. In other words, the RAN node does not need to query the data base as long as it has a “sticky” UE-specific RAN-CN association.
6.
At some point the CN determines that it needs to terminate the UE-specific RAN-CN association. For example, this is the case when the CN decides to assign a new logical serving CN control plane function for this UE. Before releasing the UE-specific RAN-CN association, the CN moves a copy of the UE context to the new serving CN control plane function.

7.
The CN stores the association between the UE and the new serving CN control plane function in the data base.

8.
The current serving CN control plane function sends an NG2 message to RAN indicating that the UE-specific RAN-CN association is terminated.
NOTE 2: Step 8 can be performed even without prior execution of steps 7 and 8. In other words, the CN may decide to terminate the “sticky” UE-specific RAN-CN association without moving the UE context to a new CN control plane function. For example, the CN may operate in “stateless” mode, which means that the CN releases the UE-specific RAN-CN association as soon as the end-to-end NextGen signalling transaction is completed.
9.
At some point the UE initiates a new NAS transaction with the CN.

NOTE 3: It is noted that in step 9 the UE is already in Connected mode.
10.
Given that the RAN does not have a “sticky” UE-specific RAN-CN association, the RAN needs to query the data base to obtain the identity of the new serving CN control plane function.

11.
The RAN resolves the identity of the new serving CN control plane function into an IP address and establishes a TNL association with that address. This step is optional as the RAN may already have a TNL association with the new CN control plane function.

12. The RAN establishes UE-specific RAN-CN association between the RAN and the new CN control plane function.

13. The RAN proceeds with the UE-initiated NAS transaction with the CN.

Alternatively, if after step 8 the CN needs to initiate NAS signalling with the UE for a MT transaction while there is no “sticky” UE-specific RAN-CN association, the new serving CN control plane function initiates a messaging transaction with the RAN, which also creates a new “sticky” UE-specific RAN-CN association on NG2.
The same approach can be applied on the NG4 interface towards the UPF, the UPF being in the same role as previously described for RAN, as depicted in Figure 2. In the example of Figure 2 the overall procedure is triggered by a mobile terminated transactions (e.g. Downlink Data Notification).
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Figure 2: Handling of stickiness of UE-specific association on the NG4
3
Proposal

It is proposed to agree the text below for inclusion in TR 23.799.
####################### START CHANGES IN TR 23.799  ##########################

6.19.X
Solution 19.X: Solution for handling of the UE-specific RAN-CN association on NG2
6.19.X.1
Architecture description
This solution addresses Key Issue #19:

The solution is based on the following assumption:

-
The temporary UE identifier (e.g. equivalent to the M-TMSI part of the GUTI in EPS) does not identify a specific physical CN control plane function.

-
At any time after initial Attach, there is a logical CN control plane function that serves the UE. It is referred to here as the serving CN control plane function.

-
The association between UE and its serving CN control plane function is stored in a data base that can logically be considered part of the CN, but can also be queried by RAN nodes.
6.19.X.2
Function description
Depicted in Figure 6.19.X.2-1 is a call flow describing the procedure for handling of stickiness of the UE-specific association on the NG2 interface.


[image: image3.emf]UPF

UE RAN Data base

2. Query data base

3. Establish TNL association

1. UE initiates Service request

5. NAS exchange using the UE-specific ͞sticky͞ association

4. Establish UE-specific ͞sticky͞ association

7. Store new serving CP function in data base

6. UE context moved

8. Release UE-specific ͞sticky͞ association

9. UE initiated NAS exchange

10. Query data base

11. Establish TNL association

12. Establish UE-specific ͞sticky͞ association

13. UE initiated NAS exchange

New serving 

CN control 

plane function

Serving CN 

control plane 

function


Figure 6.19.X.2-1: Handling of stickiness of UE-specific association on the NG2 interface
In reference to Figure 6.19.X.2-1 the overall procedure is described as follows:

1.
UE initiates the Service Request procedure in order to initiate signalling exchange with the CN. As part of the request the UE provides a temporary UE identifier (e.g. this identifier can be the TempID that is also used for slice selection). In contrast to EPS today, the temporary UE identifier does not identify a specific CN control plane function.

NOTE 1: In this example the overall call flow is triggered by a Service request (i.e. by UE requesting to move from Idle to Connected mode). The procedure described below also applies to other cases where the RAN node receives a request from a UE for which it has no established UE-specific RAN-CN association (e.g. Tracking Area update, Attach, Handover complete, etc.).
2.
At any time after initial Attach, there is a logical CN control plane function that serves the UE. It is referred to here as the serving CN control plane function. The association between UE and its serving CN control plane function is stored in a data base that can logically be considered part of the CN, but can also be queried by the RAN node. The RAN node queries the data base to obtain the identity of the serving CN control plane function.
3.
The RAN resolves the identity of the serving CN control plane function into a physical address (e.g. IP address) and establishes a TNL association with that physical address. This step is optional as the RAN may already have a TNL association with this CN control plane function (e.g. because other UEs controlled by the same RAN node are already served by the same CN control plane function).

4.
The RAN establishes UE-specific association between the RAN and the CN control plane function. Note that the UE-initiated NAS transaction with the CN (initiated in step 1) can be combined with the establishment of the UE-specific RAN-CN association.

5.
This UE-specific RAN-CN association between RAN and the CN control plane function becomes “sticky” i.e. for all UE-specific signalling on the NG2 interface the messages are exchanged over the same TNL association. In other words, the RAN node does not need to query the data base as long as it has a “sticky” UE-specific RAN-CN association.
6.
At some point the CN determines that it needs to terminate the UE-specific RAN-CN association. For example, this is the case when the CN decides to assign a new logical serving CN control plane function for this UE. Before releasing the UE-specific RAN-CN association, the CN moves a copy of the UE context to the new serving CN control plane function.

7.
The CN stores the association between the UE and the new serving CN control plane function in the data base.

8.
The current serving CN control plane function sends an NG2 message to RAN indicating that the UE-specific RAN-CN association is terminated.
NOTE 2: Step 8 can be performed even without prior execution of steps 7 and 8. In other words, the CN may decide to terminate the “sticky” UE-specific RAN-CN association without moving the UE context to a new CN control plane function. For example, the CN may operate in “stateless” mode, which means that the CN releases the UE-specific RAN-CN association as soon as the end-to-end NextGen signalling transaction is completed.
9.
At some point the UE initiates a new NAS transaction with the CN.

NOTE 3: It is noted that in step 9 the UE is already in Connected mode.
10.
Given that the RAN does not have a “sticky” UE-specific RAN-CN association, the RAN needs to query the data base to obtain the identity of the new serving CN control plane function.

11.
The RAN resolves the identity of the new serving CN control plane function into an IP address and establishes a TNL association with that address. This step is optional as the RAN may already have a TNL association with the new CN control plane function.

12. The RAN establishes UE-specific RAN-CN association between the RAN and the new CN control plane function.

13. The RAN proceeds with the UE-initiated NAS transaction with the CN.

Alternatively, if after step 8 the CN needs to initiate NAS signalling with the UE for a MT transaction while there is no “sticky” UE-specific RAN-CN association, the new serving CN control plane function initiates a messaging transaction with the RAN, which also creates a new “sticky” UE-specific RAN-CN association on NG2.
The same approach can be applied on the NG4 interface towards the UPF, the UPF being in the same role as previously described for RAN, as depicted in Figure 6.19.X.2-2. In the example of Figure 6.19.X.2-2 the overall procedure is triggered by a mobile terminated transactions (e.g. Downlink Data Notification).
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Figure 6.19.X.2-2: Handling of stickiness of UE-specific association on the NG4
6.19.X.3
Solution evaluation
It is expected that this solution will be beneficial in the following cases:

-
When a NF as a whole needs to be moved to a new hardware resource, which results in a change of IP address for the TNL association between RAN and the NF.

-
When a single UE context needs to be moved from one NF to another NF (this is similar to the MME load-rebalancing issue).

-
For enablement of “stateless” NF operation (e.g. when at the end of an e2e NextGen signalling transaction the updated UE context is stored in a “data layer” and the NF is released).
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