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1
Introduction

This document further discusses open items on RRC_INACTIVE support under RAN3 responsibility.
2
Discussion

2.1
Overall Requirements
At the RAN3 AH 1801, it became apparent, that the main controversy on how to support RRC_INACTIVE is on the interpretation of the main requirement captured in TR 38.804.

-
A UE in RRC_INACTIVE should incur minimum signalling to fulfil the control latency requirement [16] and minimise power consumption comparable to LTE RRC_IDLE and resource costs in the RAN/CN making it possible to maximise the number of UEs utilising and benefiting from this state. On the other hand, RRC states with significantly overlapping characteristics should be avoided and the number of network identifiers should be minimised.
There are several aspects contained in these requirements:

-
control latency requirement (The target of control plane latency should be 10ms as of TS 38.913, to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE)).
-
minimise power consumption comparable to IDLE

-
minimise resource costs in RAN/CN

-
maximise number of UEs utilising and benefiting from this state.

It is obvious, that those requirements can be interpreted in several ways, and, as admitted during past discussions, have their cost, if optimised in an extreme and not balanced way.

Especially looking at control plane latency:

Control plane latency with a target of 10ms would require, for the mobile terminating case, (idle) DRX times lower than 10ms, which is far below 4G idle DRX values. It can be questioned, whether this will be realistically configured for all UEs. 
Furthermore, it can be questioned, whether a 4 way delay through the backhaul (== 2*Context Retrieval messages, 1*Data forwarding address provision and 1* for forwarding the packet) can achieve the latency target with reasonable effort, even assuming a one way delay in the order of very few milliseconds. 
Further, it would also require the UE to be in perfect sync for data transmission, even in RRC_INACTIVE, otherwise sync blocks would need to be awaited, which can be configured for NR down to a 5ms periodicity (which is however costly). 
Probably one should more examine the meaning of “target latency”, which, under these circumstances can only mean “possible with quite some effort”, for sure not in a typical, public deployment.
Observation 1 Optimising control latency requirement to reach the “target” of 10ms requires a lot of rather extreme network and UE configuration choices, which cannot be regarded to represent a typical network deployment. More realistically, common delay will be in the order of 10th of milliseconds up to 100ms. In which case additional delay in case of relaying messages via the CN does not count at all any more.
Closely tracking UEs (by configuring UEs with a very small RNA) comes with the cost of high signalling load for RNA update signalling, if the UE moves relatively quickly as compared to its user data activity. Frequent RNA update signalling would contradict the required balance in terms of power and network resource consumption.
If latency requirements for a fraction of UEs can be lowered, different tracking strategies can be followed, which will allow optimisation of non-latency related aspects.
2.2
Supporting all RNA options

At the RAN2#101 in R2-1804099, RAN2 informs RAN3 about the outcome of discussions on RNA options:

1: 
For cell lists approach, RNA contains cells that belong to the same PLMN

2: 
maximum number of cells in RAN notification area is 32;

3:
NR Cell Identity (36 bits) are used as cell id for cell list approach; 

4: 
maximum RAN Area IDs configured in one RNA is [32]

5: 
RANAC size should [6] bits. 

6: 
For one cell, only 1 RANAC can be broadcasted. A single RANAC is common for all PLMNs sharing the RAN.

7
RANAC is optional field in SIB1. 

8
maximum 16 TAIs can be configured in one RAN notification area; 

9
ASN.1 is agreed as a baseline.

10
RNA is mandatory configured for the inactive UEs for Rel-15; (May be re-discussed after the discussion of the interaction between RANU and TAU)

This allows us not only to continue working on stage 3 details but also to close discussions on Rel-15 supported RNA options.

As always argued in the past, the option with indicating TAIs as RNA would require Xn connectivity(if we follow certain companies wishes), which is however not realistic (if we follow operators’ and some vendors’ opinions).

We do not wish to continue discussions on the set of features supported in Rel-15 any longer and ask to acknowledge the status quo.

Observation 2 Rel-15 will support all 3 options for RNA configuration. This should be supported by the whole system, including NG-RAN.

2.3
Availability of Xn connectivity within an RNA

The working assumption of Xn connectivity can be assumed to be not valid anymore, given its challenge by numerous operators, see R3-174987 and R3-180528.
We consider the availability of Xn connectivity to be limited by a NG-RAN node’s limited capability to setup (permanently) a Xn signalling link.
An NG-RAN node would need to decide whether its limited resources for Xn connectivity is consumed for ACTIVE mobility (handover), for necessary radio resource coordination (in case handover needs to be performed via NG) or for Xn based UE Context transfer/RAN paging for RRC_INACTIVE. 

It can be assumed that those different purposes for setting up an Xn link are differently weighted by an NG-RAN node.
2.4
Xn-connectivity outside an RNA

Even if Xn-connectivity within an RNA is assumed, Xn connectivity is not guaranteed towards areas outside an RNA configured for a UE. 
UE context retrieval at mobility-caused RNA update is necessary to be supported without available Xn connectivity. 

Observation 3 In order to support network topologies that do not support inter-RNA Xn connectivity, as scenario which is not challenged in RAN3, solutions are necessary for this scenario in Rel-15. At least CN relay of UE Context Retrieval signalling should be supported.

2.5
Options when RAN paging or UE Context retrieval fail
RAN Paging 

Note, that according to TS 23.501, an NG-RAN node has the possibility to keep a UE in RRC_INACTIVE in case it cannot reach the UE for pending DL user data. Such data would be lost in that case.

This possibility is not given for pending DL NAS PDUs.

Currently it is proposed that the NG-RAN node releases the UE Context and assumes the UE to be RRC_IDLE and releases the UE associated NG-C signalling connection. The responsibility for paging the UE would be handed back to the CN.

Note, that UE would be still reachable (e.g. if it was out of coverage for a short while) by listing to both, its RRC_IDLE and RRC_INACTIVE paging identifier (S-TMSI and I-RNTI).

We propose to avoid RAN Paging failure due to non-availability of Xn connectivity towards the new NG-RAN node. RAN paging possibilities should be extended by means of relaying RAN paging via the CN.

The gain of such approach would need to be weighed against its cost:

-
UE power consumption: the paging effort within the network is not visible to the UE. In the end, it will be able to listen to a paging occasion successfully.

-
Latency: once the UE is able to resume, the overall latency is as short as for any other resume occasion. If, however, the UE would be forced start again from IDLE, e.g. if paging responsibility would be given back to the CN, all NAS signalling and setting up PDU Session related resources would need to be added to the overall timing.
-
NG-RAN paging resources: If RAN Paging via existing Xn connections is not successful, and the CN would need to page the UE, it can be assumed that radio resources consumed for paging are the same. It is not necessary to only contact the CN in case RAN paging via existing Xn connections failed. If NG-RAN is sure, due to existing mobility statistics, about the area where the UE can be found with high certainty, it can contact the CN at the first paging attempt already.
-
Network signalling: see Latency. releasing and setting up existing network resources due to the inability to resume the UE context in the network, CN internal signalling needs to be added to signalling that directly concerns the UE (NAS).
We haven’t found a single aspect that would not provide benefit to CN aided RAN paging. 
UE Context Retrieval 

In principle, considerations for UE Context Retrieval are contained in the discussion above for RAN paging already, as, if the UE finally attempts to resume from another NG-RAN node, UE Context retrieval is part of the RAN Paging overall signalling scheme:

The same considerations hold for UE power consumption, latency and network signalling, 

Observation 4 Supporting CN aided RAN paging and UE Context Retrieval doesn’t show any drawbacks. Avoiding UEs to go back to IDLE always provides benefits, from a UE and network point of view.

3
Conclusion
In this paper we made the following observations:

Observation 1
Optimising control latency requirement to reach the “target” of 10ms requires a lot of rather extreme network and UE configuration choices, which cannot be regarded to represent a typical network deployment. More realistically, common delay will be in the order of 10th of milliseconds up to 100ms. In which case additional delay in case of relaying messages via the CN does not count at all any more.
Observation 2
Rel-15 will support all 3 options for RNA configuration. This should be supported by the whole system, including NG-RAN.
Observation 3
In order to support network topologies that do not support inter-RNA Xn connectivity, as scenario which is not challenged in RAN3, solutions are necessary for this scenario in Rel-15. At least CN relay of UE Context Retrieval signalling should be supported.
Observation 4
Supporting CN aided RAN paging and UE Context Retrieval doesn’t show any drawbacks. Avoiding UEs to go back to IDLE always provides benefits, from a UE and network point of view.


We therefore propose to support CN aided, NG-C based RAN Paging and UE Context Retrieval as shown in papers R3-182282-2286.
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