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Introduction
During RAN2#96, location update for RRC_INACTIVE UEs was discussed and it was agreed that:
1.	RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas). 
2. There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.

In addition, during RAN2-NR#1, it was agreed that:
Agreements:
1	RAN2 understanding is that the UE will perform RRC signalling in order to perform a CN update whenever it leaves its registered TA (as a consequence of the RRC signalling the RAN is aware of the UE's location)
2	Support option 2 (cell list) and/or option 3 (RAN id) (FFS which one or both)

In RAN2 #99 it was agreed that: 

16.	For INACTIVE to CONNECTED RRC transition, when RAN cannot successfully retrieve and verify the UE context, RRC Connection Setup kind of message (same as used in agreement 8) is sent over SRB0 (which would enable a fallback to establish a new RRC connection similar to Rel-13 LTE).

In this contribution, we progress the discussion on how the UE should perform the CN Tracking Area Updates in RRC_INACTIVE. The contribution is updated with recent agreements and a discussion on combined RNAU/TAU is added.
[bookmark: _Ref178064866]Discussion
In LTE a UE performs a TAU triggered by mobility e.g. when the UE upon performing cell reselection, detects a tracking area that is not in the list of tracking areas that the UE previously registered in the MME [1].
The TAU procedure is then triggered by the NAS layer in the UE, and begin with the transmission of a “TAU request” message from the NAS layer in the UE to the MME. In RRC_IDLE, the UE must first connect to the RAN before it can transmit the NAS message to the MME, which is done with a RRCConnectionRequest message with a causeValue equal to “mo-Signalling”. This will trigger a temporary RRC connection to be setup. In most cases, the UE or the network has no data to send, meaning that the network will move the UE to RRC_IDLE as soon as possible. When the CN is finished with the TAU, it releases the CN/RAN connection which triggers the eNB to send a RRCConnectionRelease message after the “TAU Accept” NAS message has been sent to the UE. In case the UE has UL data to send in conjunction with the TAU, the “TAU Request” NAS message will have a flag indicating this. Similarly, if the network has DL data or control signalling waiting for the UE the CN can trigger a UE context setup in the RAN so that the RAN can establish security and data radio bearers towards the UE. 
Figure 1 shows a possible Tracking Area Update procedure in RRC_IDLE for a UE in NR, based on TAU procedure from LTE.
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[bookmark: _Ref472519140][bookmark: _Ref473880578][bookmark: _Ref473880574]Figure 1. Tracking Area Update by a UE in RRC_IDLE.
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For a UE in RRC_INACTIVE, it has been agreed that the UE will also perform TAUs when entering a new TA (i.e. which is not part of the UE registered TA-list) and that should be performed using RRC signalling. Hence, to send the TAU to the 5G-CN, the UE should submit the message to its AS layer. When the RRC layer in a UE in RRC_INACTIVE receives the NAS “TAU request” message, it will need to connect to the network and that should be done using a RRCConnectionResumeRequest message.
As LTE, in most of the cases, there will be no data transmission / reception and the network should not keep the UE in RRC_CONNECTED. Hence, to allow that, the RRCConnectionResumeRequest should indicate to the RAN that this message was triggered due to a NAS request.
To indicate that the resumption is only for NAS signalling, a cause value corresponding to “mo-Signalling” should be set in the RRCConnectionResumeRequest message. 
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If the network can retrieve the UE AS context, it can respond with a RRCConnectionResume message and the UE will send the “TAU Request” piggybacked in the RRCConnectionResumeComplete message. As the CN/RAN connection is maintained in RRC_INACTIVE, it will first have to be relocated before the NAS message can be forwarded to the CN. And when the CN is finished with the TAU, it sends a “TAU Accept” NAS message to the UE as can be seen in Figure 2.
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[bookmark: _Ref472520310]Figure 2. Tracking Area Update by a UE in RRC_INACTIVE
As the UE performs TAU in RRC_INACTIVE when it detects that it enters a new (unregistered) Tracking Area, the UE Context retrieval may fail occasionally. For instance, if a UE with long DRX cycles moves far away from the source gNB, there may not be a Xn connection between the target and the source gNB. In either case, the TAU procedure from RRC_INACTIVE must be able to handle the case when the stored UE context cannot be retrieved.
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The agreement from RAN2 #99 above on INACTIVE to CONNECTED transition will be applicable in situations when context is not successfully retrieved and the gNB will respond to an RRCConnectionResumeRequest indicating mo-Signalling with an RRCConnectionSetup to build a new UE context. 
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[bookmark: _Ref473028858]Figure 3. Tracking Area Update by a UE in RRC_INACTIVE with failed UE Context retrieval.
As can be noted from Figure 2 and Figure 3, once the CN is finished with the TAU and has transmitted the “TAU Accept” NAS message to the UE, the gNB has to await the expiration of an inactivity timer before it can suspend the UE again. This is because the NAS messages are transparent to the RAN and since the CN/RAN connection is kept, neither the AS in the gNB nor in the UE will be aware that the CN is finished with the TAU.
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An alternative to use of a timer estimating end of TAU would be that AMF send an indication to gNB that a TAU is finalized. This way, an inactivity timer would not be needed for this purpose.

[bookmark: _Toc503441577][bookmark: _Toc506319976][bookmark: _Toc506488672]RAN2 should discuss if an end-of-NAS(TAU)-procedure indication should be requested from AMF and if an LS to RAN3/SA2 and CT1 should be sent.

Combined RNA update and TAU 
It has been agreed that the RNA is defined as a subset of the UE’s CN Registration Area. Hence, there will be mobility scenarios where the UE may be crossing both an RNA border and a CN Registration Area/TAI-list border.
 That could in principle lead to the UE first performing one procedure, being suspended (or moved to idle) by the network and trying again to perform the other procedure. Even though the RNA update procedure has been agreed to be performed in 2 steps, assuming a TAU procedure relying on 3 steps would lead to at least 7 RRC messages, as in the case of TAU the UE would enter RRC_CONNECTED before receiving the TAU accept.
There are different ways to avoid this “double signalling”, common though is that they rely on that UE AS check with UE NAS if there is any TAU/CN Registration Are update needed. 
[bookmark: _Toc506319978][bookmark: _Toc506488674]Before performing RNA updates, the UE shall check whether there is any need for TAU/CN Registration Area update
Then, there could be different ways to handle the next step. In one solution, if the TAU is to be performed, and the AS layer also detects that RNAU are to be performed, the UE performs only the TAU. Transition to RRC_CONNECTED  will also update the RAN of the UE location and allow the RAN to suspend the UE after entering connected with new parameters (I-RNTI, NCC, etc.). An alternative solution would be to define that in this situation the UE always performs the RNA. Then, upon identifying after context transfer that this UE also requires a TAU, the network moves the UE to RRC_CONNECTED instead of direct transition to INACTIVE so that the TAU can be multiplexed with MSG.5.
[bookmark: _Toc506319980][bookmark: _Toc506488676]Discuss the joint RNAU and TAU scenario and decide between the options:
[bookmark: _Toc506488677]a/ If TAU is to be performed with a RNAU, the UE shall only perform the TAU (using resume procedure with cause value ‘mo-signalling’) and send TAU multiplexed in MSG.5 after being moved to connected by the network;
[bookmark: _Toc506488678]b/ If TAU is to be performed with a RNAU, the UE performs RNA (using resume procedure with cause value ‘rna-update) and send TAU multiplexed in MSG.5 after being moved to connected by the network;

Conclusion
In section 2 we made the following observations:
Observation 1	A UE in RRC_IDLE performing a CN TAU with no data to send or receive will return quickly to RRC_IDLE as the CN releases the CN/RAN connection when finished with the TAU.
Observation 2	The AS cannot infer completion of the TAU in the CN by the release of the CN/RAN connection

Based on the discussion in section 2 we propose the following:
Proposal 1	Tracking area updates from RRC_INACTIVE should be performed using RRCConnectionResumeRequest with a cause value corresponding to mo-Signalling.
Proposal 2	Tracking Area Updates from RRC_INACTIVE must be possible, even if the stored RRC context cannot be retrieved and the RRC connection cannot be resumed.
Proposal 3	RAN2 should discuss if using an inactivity timer in the gNB is sufficient to decide on when to suspend the UE to RRC_INACTIVE after a TAU.
Proposal 4	RAN2 should discuss if an end-of-NAS(TAU)-procedure indication should be requested from AMF and if an LS to RAN3/SA2 and CT1 should be sent.
Proposal 5	Before performing RNA updates, the UE shall check whether there is any need for TAU/CN Registration Area update
Proposal 6	Discuss the joint RNAU and TAU scenario and decide between the options:
a/ If TAU is to be performed with a RNAU, the UE shall only perform the TAU (using resume procedure with cause value ‘mo-signalling’) and send TAU multiplexed in MSG.5 after being moved to connected by the network;
b/ If TAU is to be performed with a RNAU, the UE performs RNA (using resume procedure with cause value ‘rna-update) and send TAU multiplexed in MSG.5 after being moved to connected by the network;

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref471906497][bookmark: _Ref174151459][bookmark: _Ref189809556]TS 24.301, “Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage 3” v14.3.0, 2017-03-13.




image1.png
UE

[oNB [AVF]

RRC_IDLE

{Enter new TA

l¢— 2 Random Access Response _ |

l¢ 4 RRCConnectionSetup |

5: RRCConnectionSetupComplete
| 5: RRCConnectionSetupComplete |
(dedicatedinfoNAS = "TAU Request”)

(causeValue = "mo-signalling”)

1: Random Access Preamble
2: Random Access Response

3: RRCConnectionRequest

4: RRCConnectionSetup

RRC_CONNECTED

6: TAU request,
e

{Tracking Area update
7. TAU Accept

l¢— 8- RRCConnectionRelease |

RRC_IDLE

Release
CN/RAN connection

8- RRCConnectionRelease





image2.png
UE target gNB source gNB|  [AMF] S5-GW|

RRC_INACTIVE
{Enter new TA

1: Random Access Preamble

|2 Random Access Response

3: RRCConnectionResumeRequest
(resumelD, causeValue = "mo-signalling")

4: Retrieve UE Context Request
| 4: Retrieve UE Context Request |

5: Retrieve UE Context Response
|¢&: Retrieve UE Context Response|

le 6: RRCConnectionResume

7: RRCConnectionResumeComplete
(dedicatedinfoNAS = "TAU Request’)

RRC_CONNECTED

8 Path Switch Request

10: Path Switch Request ACK

9: Modify Bearers)

11: TAU request

12: TAU Accept

>
Tracking Area update

13: UE Context Release

Inactivity timer
expires
| 14: RRCConnectionSuspend(resumeld,
ranArealnformation, NCC)

RRC_INACTIVE





image3.png
UE

target gNB|  [source gNB [AVF]
RRC_INACTIVE

{Enter new TA

1: Random Access Preamble N
le 2 Random Access Response
3 RRCConnectionResumeRequest
(resumelD, causeValue = "mo-signalling’)
Reirieve UE Context Fal

4: RRCConnectionSetup

5 RRCConnectionSetupComplete (incl. "TAU Request’),|

RRC_CONNECTED

6 TAU Request N
7: Release UE context|
|- Release UE context|
le 8: Setup UE context
le 9: Initial Security Activation N
le 10: TAU Accept
Inactivity timer
expires
le 11: RRCConnectionSuspend|resumeld,

ranArealnformation, NCC)

RRC_INACTIVE





