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Abstract: This contribution updates the terminology for indoor small base station and residential gateway in TR 22.858 to resolve several Editor’s Notes. The newly introduced terminology is “premises radio access node” (PRAN) and “premises radio access node aggregator” (PRANA). 
Editor’s notes are added to several figures which need updating with the new terminology.
Proposed Text Changes:
1
Scope

The present document examines use cases and traffic scenarios in residential environments (e.g. homes and small offices) and identifies related new potential functional requirements and potential key performance requirements in the following three areas:

-
Enhancements for wireline wireless convergence,

-
Enhancements for fixed LAN - 5GLAN integration, and 

-
Enhancements for PRANs
3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.
Premises radio access node: a small basestation primarily for use in a small indoor facility such as a residence or storefront.

Premises radio access node aggregator: aggregates signalling from multiple premises radio access nodes to provide a single entity look and feel to the core network.
example: text used to clarify abstract rules by applying them literally.
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>
PRAN
premises radio access node

PRANA
premises radio access node aggregator
4
Overview

Many operators around the world both have mobile network and fixed network operations. Operators provide triple-play, combining mobile communication, fixed telephony and broadband Internet, or even quad-play, adding TV, to customers in the consumer / residential market. In this market, operators can distinguish themselves by providing an optimal integration between the different services. Following the trend of wireline/wireless convergence, operators are integrating their fixed and mobile networks into a single core network with fixed and mobile access networks.

Even for single play mobile network operators optimising 5G residential services is relevant. One of the main benefits that 5G brings to consumers is that it will provide higher bitrates. These higher bitrates will enable or improve eMBB services such as mobile TV, AR/VR, or mobile gaming. Remarkably, to a large extend such 'mobile' services are used by users that are not on the move. Generally hourly patterns for mobile data traffic show that the highest mobile data usage is in the evening, when people are enjoying mobile data services whilst at home.
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Figure 4-1: example daily pattern of cellular usage (source KPN)

The pattern of cellular data usage implies that residential environments are very important in 5G usage. The residential environment is where a large portion of 5G traffic will be handled. And the residential environment is not the easiest environment to provide network coverage. With video/TV services and AR/VR gaming, residential users demand high bitrates and with a concentration of media traffic can easily require significant capacities. High bitrates and high capacity are best provided with mmwave frequencies. However, at mmwave frequencies it will be difficult to provide outside-to-inside coverage with operator basestations. Also with PRANs, it will not be easy to provide sufficient indoor coverage. Scenarios with a PRAN in every room (e.g. integrated in the light fixture in the centre of the ceiling) may be needed to provide really good in-home coverage. This also requires upgrades to fixed access, PRANA and in-home cabling. At the same time, it is virtually impossible for an operator to install and manage their own radio access infrastructure in a residential environment. Where in a large office, the operator can provide and manage indoor coverage, in a residential environment the installation of radio equipment, cabling will likely be left to the home owner.

Currently fixed broadband services work on a different premise than mobile services. With mobile services, each individual device is known and identifiable in the mobile network. That implies that services can be provided to individual devices. With fixed broadband services, the operator provides Internet access to a PRANA. Behind that PRANA is usually a LAN, but individual devices on that LAN are not known or identifiable in the core network. For an integrated fixed broadband / mobile residential 5G offering, it would be beneficial if devices behind the PRANA can also be known and identified in the core network.

The trend towards Wireline / Wireless Convergence is already recognised in 3GPP. In collaboration with the BroadBand Forum (BBF), architecture solutions have been specified where a single 5G core network is used to also control fixed broadband access. Also, solutions like 5G LAN and UE relaying have been specified with residential use cases (partly) in mind. Nevertheless, there are still areas where improvements for residential use are needed/useful to achieve the vision of a residential 5G without boundaries between fixed broadband and mobile. 
5
Use cases

Editor's Note: Use cases are mainly targeted at the identification of Potential Functional Requirements, Traffic Scenarios are mainly targeted at the identification of Potential Key Performance Requirements
5.1
Use case QoS for PRAN connectivity
5.1.1
Description
In many cases, residential indoor coverage will require the deployment of PRANs. Especially for multimedia services like UHD TV, or AR/VR gaming high bitrates are needed. This in turn requires the use of higher frequency bands (e.g. 3.5 GHz or 26/28 GHz for NR or 5 GHz, 6 GHz or 60 GHz for WiFi based radio access). At these frequencies, outdoor to indoor coverage from an outdoor PLMN is challenging. Also indoor penetration throughout a house is problematic, requiring multiple PRANs.

For 5G services that require specific QoS (e.g. guaranteed bitrate, latency) or e.g. that rely on edge applications, it is important that the 5G network can differentiate the related service data flows in order to treat them accordingly. This also applies in case a PRAN is connected via a PRANA . In the Wireline Wireless Convergence work between 3GPP and BBF, the PRANA is seen as an UE. That way the PRANA can request QoS for the fixed access network. Also on the radio interface between the UE and the PRAN, QoS control can work as normal. An issue however is how QoS is provided on the backhaul between the PRAN and the PRANA and in the PRANA. It is not guaranteed that this backhaul has sufficient QoS. Also prioritization of specific service data flows may be needed to provide the expected QoS. Finally, the PRANA may have to request specific QoS for the fixed access network for specific service data flows.

Note: in the use case, we generally refer to PRANs, but the similar requirements apply for e.g. a WiFi6 access point that is connected to the 5G core (non-3GPP access) via a PRANA.
5.1.2
Pre-conditions
The following pre-conditions and assumptions apply to this use case:

-
A PRAN is deployed inside a residential home.

-
The PRAN provides access to the 5G system (e.g not local IP access)

-
UEs using the PRAN have individual subscriptions to access the 5G system.

-
The PRAN is connected to a PRANA
-
PRANA is connected to the same 5G system (and has a subscription to the same 5G system) as the PRAN belongs to.
5.1.3
Service Flows
Teenagers Oliver and Scott are avid gamers. They get together in the games room in the basement of Scott's house and discuss the new game that has become available that day. Scott decides to download the new game on his laptop. The size of that game is over 100 Gbyte so even on 5G it will take a while. Good thing that Scott's parents had PRANs installed in the house. 5G coverage would otherwise have been dismal in the basement and downloading would have taken forever.

While the game is downloading, Oliver and Scott decide to play their favorite multi-user AR/VR game. Each put on a VR headset, get a controller and start gaming. The AR/VR game they play is cloud based with rendering in an edge node. This way they can play the game wherever they want and still have optimal quality of experience. The low latency ensures they have no 'lag' when they move their head or when they try to shoot each other in the game. Good thing also that the 5G system makes sure that the AR/VR game is prioritized over downloading the game. That the download takes a bit more time is not a big issue, but without the usual settings for frames per second and resolution or with additional lag because of the download the game would be 'unplayable'.
5.1.4
Post-conditions
The game consoles have set up a 5G connection to the PRAN. They have requested the same session with the same QoS, DNN, Slice, et cetera as they would have done with an macro basestation.

The PRANA ensures that prioritization within the PRANA and residential network takes requested QoS into account. This e.g. implies that the AR/VR game gets priority over the downloading of the game.

The PRANA also ensures that the 5G core network can differentiate the service data flows for the AR/VR games from general Internet access, to ensure that specific handling of these service data flows (e.g. routing to an edge node) is possible.
5.1.5
Existing features partly or fully covering the use case functionality

3GPP TS 22.220 "Service requirements for Home Node B (HNB) and Home eNode B (HeNB)" specifies requirements for PRANs in a 3G (HNB) or 4G (HeNB) context. It is not very clearly specified whether these requirements also apply for 5G. Requirements are included to request resources from the IP backhaul in the fixed broadband access. Note that TS 22.220 does not assume WWC convergence. There are no requirements for the provision of QoS within the residential network itself.

3GPP TS 22.261, clause 6.26.2.1 mentions PRANs connected in the context of 5GLAN: "The 5G system shall enable the network operator to provide the same 5G LAN-type service to any 5G UE, regardless of whether it is connected via public base stations, indoor small base stations connected via fixed access, or via relay UEs connected to either of these two types of base stations."

3GPP TS 22.261, clause 6.3.2.4 discusses fixed broadband access. It does not really use WWC terminology, but either assumes a PRANA that functions as a relay UE, or a PRANA that integrates a PRAN. There is no mentioning of a PRAN that is connected to the PRANA. 3GPP TS 23.316 is the architecture specification for Wireline Wireless Convergence.
5.1.6
Potential New Requirements needed to support the use case

[PR. 5.1.6-001] The 5G system shall enable the network operator to provide any 5G services to any 5G UE via a PRAN connected via a PRANA.



NOTE1:
The PRANA may be connected via fixed access, via 5G Fixed Wireless Access, or hybrid access.

NOTE2:
The PRAN may also be co-located with the PRANA
[PR. 5.1.6-002] The 5G system shall enable the PRANA to provide backhaul with the required QoS for the services provided via a PRAN connected via the PRANA.

NOTE3:
Backhaul for the PRAN includes the residential network between PRAN and PRANA and the (fixed) access network between the PRANA and the 5G core network.

Editor's Note: residential network to be defined as network infrastructure inside the house
5.2
Use case visitor access to PRAN
5.2.1
Description
In many cases, residential indoor coverage will require the deployment of PRANs. The assumption is that these PRANs are installed by the home owner. Nevertheless, it is quite possible that these PRANs can also be used by visitors to the home. 

Visitor access is only possible with a few security provisions. Communication for the visitor has to be protected against eavesdropping or manipulation in the residential in home network and/or PRANA. These elements are not under control of the operator and cannot be sufficiently trusted.

From the other hand, the home owner needs to be shielded from the visitor. One aspect is that the residential home owner may not want to be charged for traffic, services, and applications initiated by the visitor. Also for lawful intercept, traffic originating from a visitor should be identifiable as such.

5.2.2
Pre-conditions
The following pre-conditions and assumptions apply to this use case:

-
A PRAN is deployed inside a residential home.

-
The PRAN provides access to the 5G system (e.g. not local IP access)

-
UEs using the PRAN have individual subscriptions to access the 5G system, these subscriptions may be with different operators.

-
The PRAN is connected to a PRANA 
-
PRANA is connected to the same 5G system (and has a subscription to the same 5G system) as the PRAN belongs to.
5.2.3
Service Flows
Doctor Joe is a general practitioner (GP) that works from a practice next to his home in a small village. Every day patients visit his practice for all kinds of consultations.

Because of the local radio conditions (small village) and the construction of his home (concrete walls), there is very poor outdoor-to-indoor coverage in his practice. Doctor Joe has therefore installed PRANs in his practice, both for himself and for waiting patients.

Doctor Joe does not mind that patients are using the PRAN that he has paid for. However, Doctor Joe does not want to pay for traffic, services, or applications that his patients may initiate via his PRAN and fixed access. Furthermore, he does not want to get in trouble when patients e.g. download illegal content via his fixed access. Therefore, Doctor Joe prefers that communication from/for his patients is identified as such.

Patient Mary is waiting in the waiting room. She wants to communicate in private with her mother. Even though she is using a PRAN installed by Doctor Joe, she can trust that her communication remains private.
5.2.4
Post-conditions
Communication for each patients is identified and billed separately from the traffic from Doctor Joe and other patients.

Communication for patients cannot be eavesdropped or manipulated.
5.2.5
Existing features partly or fully covering the use case functionality

3GPP TS 22.220 "Service requirements for Home Node B (HNB) and Home eNode B (HeNB)" specifies requirements for PRANs in a 3G (HNB) or 4G (HeNB) context. It is not very clearly specified whether these requirements also apply for 5G. TS 22.220 also includes requirements on security and privacy.

3GPP TS 22.261, clause 6.26.2.1 mentions PRANs in the context of 5GLAN: "The 5G system shall enable the network operator to provide the same 5G LAN-type service to any 5G UE, regardless of whether it is connected via public base stations, indoor small base stations connected via fixed access, or via relay UEs connected to either of these two types of base stations."

3GPP TS 22.261, clause 6.3.2.4 discusses fixed broadband access and the use of a PRAN. It mentions: "The 5G system shall support use of a home base station that supports multiple access types (e.g. 5G RAT, WLAN access, fixed broadband access)."
5.2.6
Potential New Requirements needed to support the use case

[PR. 5.2.6-001] The 5G system shall enable the network operator to provide any 5G services via a PRAN to any 5G UE with a valid subscription to the HPLMN associated with the PRAN.

 
[PR. 5.2.6-002] The 5G system shall enable the network operator to provide any 5G services via a PRAN to any 5G UE with a valid subscription to any VPLMN that has a roaming agreement with the HPLMN.

NOTE:
Whether 5G UEs from VPLMNs in the same country as the HPLMN can use the PRAN is subject to regulatory policy on national roaming.

[PR. 5.2.6-003] The 5G system shall ensure the use of a PRAN does not compromise the security of any PLMN or broadband access network.

[PR. 5.2.6-004] The 5G system shall ensure the use of a PRAN does not compromise the security of the UE. The PRAN (and its associated backhaul connectivity) shall provide a level of security equivalent to regular 5G base stations.

[PR. 5.2.6-005] The 5G system shall enable the network operator associated with the PRAN to control the security policy of the PRAN 

[PR. 5.2.6-006] The 5G system shall ensure the PRAN does not compromise user privacy for UEs that are using the PRAN, including communication confidentiality, location privacy and identity protection.
[PR. 5.2.6-007] The 5G system shall be able to generate charging information that can differentiate between UEs connected to the PRAN and between backhaul for the PRAN and other data traffic over the same access.

Editor's Note: it is FFS whether some functionality is needed for the owner of the PRAN to restrict usage of the PRAN by others 
5.3
Use case of QoS maintenance from outdoor to indoor
5.3.1
Description

UEs can get all way QoS support from the 5G system when accessing the network with 3GPP RATs outdoors. However, due to the issue of 5G outside-to-inside coverage, UEs will probably access to 5GC through PRANA when moving from outdoor to indoor. If the all way QoS control can still be guaranteed at this moment, especially when high bandwidth or low latency consuming service is ongoing (e.g. video gaming), users might have a better service experience.
5.3.2
Pre-conditions

Tom has a mobile phone which is registered to MNO1. Tom loves to play video game at his leisure time. He even made a specific QoS setting with MNO1 to guarantee the high quality of the gaming service.
There is a PRANA at Tom’s house. The PRANA also subscribes to the same MNO as Tom’s mobile phone. Devices in Tom’s house can automatically be connected to the PRANA via non-3GPP (R)ATs (e.g. WIFI).
5.3.3
Service Flows

(1)
Tom is on his way home by bus. It is so boring, so he starts playing video game on his mobile phone.

(2)
An hour later Tom arrives home. The video game is so exciting and fierce, so Tom is still obsessed with it. He keeps playing game when he enters the house.

(3)
Once Tom enters the house, his mobile phone is automatically connected to the PRANA. So that his mobile phone can still access to the network.

(4)
The PRANA identifies Tom’s mobile phone.

(5)
The PRANA is informed of the relevant QoS characteristics of Tom’s mobile phone at this moment.

(6)
The 5G network and the PRANA provide corresponding QoS control for Tom’s mobile phone.
5.3.4
Post-conditions

Even if Tom moves from outdoor to indoor while playing UHD video game, the quality of the video game he’s playing can be well maintained. Tom can still have a wonderful service experience.
5.3.5
Existing features partly or fully covering the use case functionality
Editor’s Note: existing functionality to be identified.
5.3.6
Potential New Requirements needed to support the use case
[PR. 5.3.6-001] The 5G system shall support a mechanism for a PRANA to identify a UE connected to it via non-3GPP (R)AT and associate the UE to its 3GPP identifier.
Editor’s Note: this requirement may need to be further clarified.
[PR. 5.3.6-002] The 5G system shall be able to indicate to the PRANA that a specific UE connected to it either via 3GPP RAT or non-3GPP (R)AT needs specific QoS and what the required QoS characteristics are. 


5.4
 Use case on efficient routing between UE and non-3GPP device
5.4.1
Description
This use case assumes that multiple PRANs were already deployed in individual rooms behind the PRANA, to provide better coverage at home. This use case is to enable efficient routing for the communications between UE and non-3GPP device via the PRANA.
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Figure 5.4.1-1: efficient routing between UE and non-3GPP device

Editor’s Note: the figure needs to be updated with the new terminology
5.4.2
Pre-Conditions

Multiple PRANs are deployed in Alice’s home are connected to the PRANA. In particular, there is a PRAN is deployed in the living room.

There is a smart TV in the living room, which is a non-3GPP device, connecting to the PRANA via wireline. 

Alice’s smartphone is connecting to the PRAN.

5.4.3
Service Flows

Alice is sitting in the living room. Her smartphone is connecting to the PRAN.

Alice finds an interesting video in her smartphone and want to project to the smart TV in the living room. 

The request sent from the smartphone reaches the PRANA via the PRAN and then routed by the PRANA to the smart TV via the wireline. 

5.4.4
Post-Conditions

Alice could enjoy the video on her smart TV.
5.4.5
Existing features partly or fully covering the use case functionality
3GPP TS 22.220 "Service requirements for Home Node B (HNB) and Home eNode B (HeNB)" specifies the requirements for local IP Access for 3G and 4G. 

5.4.6
Potential New Requirements needed to support the use case

[PR. 5.4.6-001]
The 5G system shall be able to support efficient routing, without going through the 5GC, for the communication between a UE and a non-3GPP device, via the PRANA and a PRAN connected to that PRANA. 



Editor’s Note: the wording of this requirement needs to be rephrased.
5.5
Use Case on efficient routing for UE-to-UE communications via PRANA
5.5.1
Description
This use case assumes that multiple PRANs were already deployed in individual rooms behind the PRANA, to provide better coverage at home. This use case is to enable efficient routing for the communications between UEs via the PRANA. 
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Figure 5.5.1-1: efficient routing for UE-to-UE communications via PRANA
Editor’s Note: the figure needs to be updated with the new terminology
5.5.2
Pre-Conditions

The following pre-conditions and assumptions apply to this use case:

-
A PRAN is deployed inside a residential home.

-
The PRAN provides access to the 5G system (e.g not local IP acces)

-
UEs using the PRAN have individual subscriptions to access the 5G system, these subscriptions may be with different operators.

-
The PRAN is connected to a PRANA 

-
The PRANA is connected to the same 5G system (and has a subscription to the same 5G system) as the 5G PRAN belongs to.
Multiple PRANs are deployed in Alice’s home and connected to the PRANA. In particular, one PRAN is deployed at the attic and another one is deployed at the basement. The connections between the PRANs and the PRANA could have multiple options, e.g., fiber, WiFi, or 3GPP licensed spectrum. 

A security sensor is deployed at the basement which is capable of detecting smoke or fire. The sensor having a SIM is a 3GPP-capable UE which is connecting to the PRAN in the basement.

5.5.3
Service Flows

Alice is working alone at home, staying in her office in the attic. Her smartphone is connecting to the PRAN deployed in the attic.

Suddenly there is a fire in the basement.

The security sensor detects the fire and smoke, and then immediately sends an alarm to Alice’s smartphone.

The alarm message first reaches the PRANA via the PRAN in the basement, and then routed by the PRANA to Alice smartphone via the PRAN in the attic.

5.5.4
Post-Conditions

Alice reads the alarm message from her smartphone. After double-check the situations in the basement, Alice makes the call to the fire policy. 
5.5.5
Existing features partly or fully covering the use case functionality
The 5G system shall support on-demand establishment of UE to UE, multicast, and broadcast private communication between members UEs of the same 5G LAN-VN. Multiple types of data communication shall be supported, at least IP and Ethernet.
5.5.6
Potential New Requirements needed to support the use case

[PR. 5.5.6-001] The 5G system shall be able to provide E2E QoS control for the communication path between the UE and a PRANA via a PRAN.
[PR. 5.5.6-002] The 5G system shall be able to support efficient routing for communication between UEs via a PRANA without going through the 5GC. 

[PR. 5.5.6-003] The 5G system shall ensure the use of a PRANA does not compromise the security of any PLMN or broadband access network.

[PR. 5.5.6-004] The 5G system shall ensure the use of a PRANA does not compromise the security of the UE. 

[PR. 5.5.6-005] The 5G system shall enable the network operator associated with a PRANA to control the security policy of the PRANA. 

6.1
Traffic Scenario: inHome
6.1.1
Description

Many houses suffer from problems of coverage due to the number of floors and other obstacles (i.e. walls, doors, columns, furniture). Outdoor-to-indoor coverage may be an issue at 3.5 GHz and will certainly be difficult at mmwave frequencies. Providing coverage with indoor solutions may be the answer; PRANs can be connected via fixed access. 3GPP together with BBF has provided Wireline Wireless Convergence architecture solutions where fixed access is considered part of the 5G System.

Most houses have only one entry network point where the PRANA will be installed. Connectivity to the PRANA may be fixed access, 5G Fixed Wireless Acess, or a hybrid of both.
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Figure 6.1.1-1 – InHome Scenario
Editor’s Note: the figure needs to be updated with the new terminology
Providing connectivity throughout the house from single PRANA will not be feasible. Concrete floors and walls, will require multiple PRANs to be deployed in the house. That way it can be guaranteed that even in the attic, cellular and garage, there is sufficient coverage. At mmwave frequencies, even a PRAN per soom (living room, kitchen, bed rooms, attic) may be required as higher frequencies will be blocked significantly by walls, et cetera.

6.1.2
Assumptions

Let’s consider a fairly large house with dimensions 10m x 10m and 3 floors. The owners of the house are a family of four; mother, father and two teen age children.

The traffic scenario for in the house is mainly determined by multimedia application usages. Most other services (e.g. mobile telephony) will not significantly contribute to the traffic load.

We assume the house has two UHD TVs, two VR headsets for gaming, and two office settings for working from home (for e.g. multimedia conferencing). Not all devices will be used at the same time. On the other hand, visitors may also bring/use devices. Assumption is that one UHD TV, two VR headsets for gaming and two office settings are used simultaneously, each at the maximum user experienced data rates of 1 Gbit/s DL and 500 Mbit/s UL. This results in an overall capacity for the house of 5 Gbit/s DL (UHD TV is DL only) and 2 Gbits/s UL.

The assumption is that different PRANs are deployed around the house. Not all devices will use the same PRAN. Maximum per PRAN data rates are assumed to be half of that per house.

6.1.3
Potential Functional Requirements

None
6.1.4
Potential Key Performance Requirements

Values for max data rate and area capacity per home are based on values in TS 22.261 [2] for InHome scenario and indoor hotspot. The area capacity per PRAN is calculated based on two PRANs per home (10m x 10m with 3 floors).
Table 6.1.4-1 – Potential key performance requirements for InHome scenario
	Scenario
	Max. data rate (DL)
	Max. data rate (UL)
	End-to-end latency
	Area traffic capacity

(DL) 

(note 1)
	Area traffic capacity

(UL) 

(note 1)
	Area traffic capacity

(DL) 

(note 2)
	Area traffic capacity

(UL) 

(note 2)
	Area

	InHome Scenario
	1 Gbit/s
	500 Mbit/s
	10 ms
	5 Gbit/s/ home
	2 Gbit/s /home
	2.5 Gbit/s/ gNB
	1 Gbit/s/ gNB
	10mx10m – 3 floors 

	NOTE 1:
Area traffic capacity is determined by high bandwidth consuming devices (e.g. ultra HD TVs, VR headsets, …) assuming a family of 4 members (one UHD TV with DL only and 4 high bandwidth consuming devices with UL and DL used simultaneously).
NOTE 2:
Multiple PRANs are assumed (e.g. one per room), maximum traffic per PRAN is assumed to be half of the overall traffic per house.
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