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1 Introduction

During RAN2#98 it was agreed that the RAN location area update (RLAU) can be indicated in Msg3:

RAN area update

1. Connection resume message will include information that can at least indicate RAN area update. Inclusion of information to enable access control is not precluded
This document analyses the RLAU procedure for the case when it co-occurs with TAU.
2 Discussion
In RRC_INACTIVE, when the UE enters a new cell, the procedures for determining the need for RLAU/TAU are essentially independent of each other.  The TA information is passed to NAS for evaluation, and a subsequent request may come from NAS to deliver an uplink NAS message (which, however, the AS cannot recognise as a TAU).  At (more or less) the same time, the AS evaluates the RNA information for the new cell and determines if RLAU is needed.
Depending on the timing of the evaluation procedures, this could result in two independent requests for connection reactivation with different causes, as shown in steps 4b and 7 of Figure 2.
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Figure 2: Two “reactivation request” operations for RLAU and TAU
It is worth asking if this situation can be avoided.  E.g., can the RLAU and TAU be synchronised so that they come together in the over-the-air messaging?  Failing that, can the network take an intelligent decision at step 6 in the above flow, not to release the UE back to INACTIVE but to bring it to RRC_CONNECTED to allow for the expected TAU?

One pure network implementation approach would be that if the gNB is on a TA boundary, it assumes that any RLAU may be related with a TAU and brings the UE to RRC_CONNECTED.  This is not an ideal solution since many UEs may be moving TAs within their already configured TA list, so it results in some UEs being brought needlessly to RRC_CONNECTED.

On the other hand, the UE implementation could treat the TA indication (step 2) as a closed loop transaction and wait on the response (step 6), before triggering the RLAU (step 4).  This would obviously delay the RLAU slightly; however, it delays it only by the same amount as the TAU, which should be acceptable.  (The failure mode is a RAN paging miss, but the likelihood is only as high as a CN paging miss while waiting for TAU, which we accept.)  A similar approach was taken in the LTE light connection.
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Figure 3: Parallel RLAU and TAU

This looks straightforward.  It depends on two aspects: the UE implementation to delay triggering of the RLAU to wait for the TA result, and an indication in Msg3 of the combined procedure, which could e.g. be a cause code distinct from the cause code for RLAU by itself.

Proposal 1: Follow the LTE light connection approach for combined RLAU and TAU: The UE waits for a result from the TA evaluation and triggers the combined RLAU+TAU procedure with a single uplink message.

In the light connection, the “MO signalling” cause code is used, i.e. the RAN paging area update procedure is not separately triggered since it would be unnecessary if the UE is to be brought to connected mode.  In NR, however, there can be some value in indicating to the network if there is only a limited amount of signalling to transmit, e.g. just the TAU request message; in case we introduce the future ability to transfer the NAS signalling by direct UL/DL data transmission in RRC_INACTIVE, Msg3 could indicate to the network that the UE can be kept in RRC_INACTIVE but needs uplink resources for the TAU.  This could be achieved by a new cause code (“RLAU+TAU” or more generally “RLAU+additional signalling”), or by other approaches such as including a BSR with Msg3.
Proposal 2: Discuss the two alternatives when combined RLAU+TAU procedure is triggered:

1. The cause code for MO signalling is used.  The network can respond to the cause code by bringing the UE to RRC_CONNECTED to allow delivery of the signalling.  For future support of direct transmission of the signalling in RRC_INACTIVE, other approaches such as a BSR in Msg3 are considered.
2. A new “RLAU+additional transmission” cause code is used.  The network can bring the UE to RRC_CONNECTED as in option 1, but the procedure is forward-compatible towards the possibility of instead giving uplink resources to transmit the additional information (e.g. the TAU) while still in RRC_INACTIVE.
It should be noted that the UE will also need to receive TAU ACCEPT in the downlink.  If the UE remains in RRC_INACTIVE to transmit the TAU REQUEST, it becomes possible to consider delivering this message by direct DL data transmission, also in RRC_INACTIVE; however this should be considered as a future enhancement and we don’t propose to design the details of such a solution in this paper.  Giving the additional information in Msg3 only offers forward compatibility towards such future enhancements.

Additionally [1] raised the concern that in the change of AMF case, “the new AMF may receive a ciphered Msg without any UE Context”.  The cause of this concern is a bit unclear to us as in LTE the TAU REQUEST message is unciphered and we assume the same principle would be followed in NR, allowing the new AMF to identify and retrieve context from the old AMF.
3 Conclusion
This document raises the following proposals:

Proposal 1: Follow the LTE light connection approach for combined RLAU and TAU: The UE waits for a result from the TA evaluation and triggers the combined RLAU+TAU procedure with a single uplink message.

Proposal 2: Discuss the two alternatives when combined RLAU+TAU procedure is triggered:

1. The cause code for MO signalling is used.  The network can respond to the cause code by bringing the UE to RRC_CONNECTED to allow delivery of the signalling.  For future support of direct transmission of the signalling in RRC_INACTIVE, other approaches such as a BSR in Msg3 are considered.

2. A new “RLAU+additional transmission” cause code is used.  The network can bring the UE to RRC_CONNECTED as in option 1, but the procedure is forward-compatible towards the possibility of instead giving uplink resources to transmit the additional information (e.g. the TAU) while still in RRC_INACTIVE.
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