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Abstract of the contribution: This paper proposes solution assumptions and gap analysis for UE receiving data service from Non-public network and PLMN simultaneously.
Discussion
The gap analysis proposed in this paper aims at addressing the architectural enhancements required for UE receiving data service from Non-public network and PLMN simultaneously. 
Proposal

It is proposed to approve the following changes to the TR 23.XXX "Study on enhanced support of Non-Public Networks".
*** Start of changes ***
6
Solutions
6.X
Solution #<X>: UE receiving data service from Non-public network and PLMN simultaneously
6.X.1
Introduction

The solution addresses key issue #X basing on the use case and requirements from VIAPA (TS22.263).

“

Study means to enable a UE to receive data services from one network (e.g. NPN), and paging as well as data services from another network (e.g. PLMN) simultaneously. 

NOTE 1:
It is assumed that the FS_IIoT will cover aspects to enable low latency data services, and that FS_5MBS will cover aspects to enable low latency multicast downlink services, while the scope of the FS_eNPN is to enable these services while the UE is using two networks e.g. NPN and PLMN.
 “

Because this key issue is raised from AVPROD (Audio Visual Content Production) Industry, some assumptions of the solution are needed to be considered to correctly reflect and better serve this industry.

Some assumptions for this key issue are:

1. The UEs addressed in this key issue are consumer UE with subscription to a PLMN and has ability to access NPN.

2. The NPN may include its own NG-RAN and 5GC. 

3. Minimum control plane and management plane interaction between the NPN and the PLMN is desired.   
4. One of main AVPROD use case which leads to this KI is that the NPN only provides services for high 5QI downlink audio/video stream data (multicast or broadcast traffic) e.g 5ms latency and 30 multicast stream with 200kbit/s. ( Note: see TS22.263, section 6.3.1 KPI requirement for integrated audio service)
5. There can be massive UEs (up to 50000) concentrating in a small area of NPN, while those UEs may also connect to different PLMNs at the same time. (Note: see TS22.263, section 6.3.1 KPI requirement for integrated audio service)

6. UE can be simultaneously attached to both NPN and PLMN while keeping active data session with both networks at the same time.

7. Depending on the capabilities and configurations of the UE, limitations of data-rate and latency may be expected
6.X.2
Gap analysis 

Because this key issue relies on massive consumer devices and different UE capability may have impacts on the solution, therefore, the gap analysis is conducted basing on two different UE deployments:

6.X.2.1
Single Radio
UE


Single Radio UE refers to UE with 1 transmitter (1Tx) and 1 receiver (1 Rx ). Because of this physical limitation, the UE can only connect to and send/receive data from one NG-RAN of either network (PLMN or NPN) at any given time. Release 16 already defines solution which can be used to address this case, as illustrated in Figure 6.X.2.1-1. In this figure, the thin arrows represent the different bearers that can be established for the UE, and the bold arrows represent a tunnel between the UE and the NPN. In the Single Radio UE case, the UE accesses NPN’s service via a secure tunnel established with the NPN’s N3IWF over the existing PLMN data session of the UE. For this solution, UE can register into NPN and receive NPN service through those secure tunnels without connecting to NPN’s NG-RAN. As a results the UE can receive NPN services while keeping all the services with the PLMN.  
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Figure 6.X.2.1-1: Architectural overview of a single radio UE simultaneously connected to a SNPN and a PLMN
There are still some gaps in existing solutions which need to address to support this use case:

1. N3IWF functionality support for non-3GPP credentials and authentication methods: Per release 16, N3IWF terminates the 3GPP IKEv2/IPsec protocol which only supports 3GPP credentials and authentication mechanism, however, many NPNs operated by verticals may prefer to use other non-3GPP credential and authentication mechanisms for UE registration. Therefore the N3IWF shall be able to support non-3GPP credential and authentication mechanism on Rel. 17. 

Note: Further detail solutions will be addressed in SA3. 

2. Resource efficiency consideration to support massive multicast NPN data streaming: For this VIAPA key issue, the NPN traffics are low latency (< 5ms) and high data rate multicast data streams, where a massive number of active users are concentrating in a very small NPN area to receive those data streams. If those UEs can directly connect to NPN’s NG-RAN, multicast is a very resource efficient way for both UE and network. But for the single radio UE which using existing release 16 solution mentioned above, the UE has to establish a unicast data session in the PLMN in order to create the secure tunnel with the NPN’s N3IWF. With this tunnel mechanism via N3IWF, there will be massive number of unicast secure tunnels and PDU sessions being established in NPN and PLMNs, which are very resource inefficient, especially for the NG-RAN of the PLMN. This will dramatically impact the PLMN performance and its other non-NPN users in this area, as well as those NPN users over the PLMN network. Therefore, the enhancement for the existing tunneling mechanism between UE and its NPN service via N3IWF for massive multicast traffic need to be considered. 

6.X.2.2
Dual Radio UE

For dual radio UEs, normally there are 2 types of popular implementations: UE with 2Rx/2Tx and UE with 2Rx/1Tx. In the first case, a 2Rx/2Tx UE can simultaneously connect to both NPN and PLMN and receive/transmit data independently from/to those two networks. In the second case, a 2Rx/1Tx UE can simultaneously receive data independently from those two networks but only be able to send data for one network (NPN or PLMN) at any given time (as illustrated in Figure 6.X.2.2-1). 
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Figure 6.X.2.2-1: Architectural overview of a 2Rx/1Tx dual radio UE simultaneously connected to a SNPN and a PLMN
When considering the use case of TR22.827 which is associated with the KI that this solution targets, when the UE is connected to NPN’s NG-RAN, it’s only at receiving mode to receive low-latency data streams which in most of case are multicast data streams. In that case, the UE only exchanges up control messages with the NPN which have no strict latency requirements. Examples of these control messages are device registration, authentication, and measurements. If the UE in the NPN need to transmit data to the NPN in UL, the UE can either send the data directly via NPN’s NG-RAN in case of 2Rx/2Tx UE,or send via the secure tunnel between UE and NPN over the PLMN in case of 2Rx/1Tx UE. Therefore, the existing release 16 specification may cover the basic functionality for this key issue with the dual radio UE.

One of the special characteristics of this key issue is to support the low latency and high data rate multicast streaming data for the UE in the NPN, while at the same time the UE may have parallel high 5GQCI traffic being transferred in the PLMN network. Because all the parallel services in the NPN and PLMN can cause high demand on the resources of the UE, and the UE needs to split the resources for two networks, the UE may not have sufficient capacity to support those parallel data sessions while meeting all the desired QoS requirements, e.g. UE with 2Rx/1Tx originally uses 2 Rx to achieve better spectrum efficiency and performance gain, but in order to support connecting to both networks, it needs to split the receivers for different networks, so the performance of some services associated with one or both networks may be dropped because of the split. Because of the restricted SLA requirements, either NPN or PLMN may need to be notified for the QoS degradation.   

Therefore, some enhancements need to be considered to address this KI:

1. For a UE connected to a PLMN and a NPN simultaneously, there should be a mechanism for traffic prioritization between the NPN and the PLMN bearers: This prioritization can be determined based on the use configuration or policies between the NPN and the PLMN. 

2. If the QoS requirements of one or some of data session(s) in either the NPN or the PLMN is not being met due to the simultaneous connections, the impacted network should be notified in advance. (Notification of QoS performance downgrading)
6.X.3   Functional Description

6.X.4
Procedures

.
6.X.5
Impacts on existing entities and interfaces
Editor's Note: This clause lists impacts to existing entities and interfaces.

6.X.6
Evaluation

Editor's Note: This clause provides an evaluation of the solution.

*** End of changes ***
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