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Abstract: Abstract: This pseudo-CR provides an overview of “UE with Multiple 3GPP links (Multibeam) and Multistream 3GPP Access” use case, service flows and potential new requirements.
1. Introduction
2. Reason for Change
Proposing new “UE with Multiple 3GPP access links (beams) Multibeam and with Multiple streams 3GPP Access” use case for FS_DualSteer proposal.
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 22.841 version 0.1.0.
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5	Use cases
[bookmark: _Toc100862436][bookmark: _Toc100921160]5.A	Use case on UE using Multiple 3GPP access links (beams) Multibeam and with Multiple streamsstream 3GPP Access.
[bookmark: _Toc100862437][bookmark: _Toc100921161]5.A.1	Description
mmWave is an essential component of future wireless technologies, providing extremely high data rate due to its higher bandwidth than already congested sub-6 GHz. mmWave is anticipated to boost the communication capacity but however it suffers from high path loss, high noise power, and susceptible to blockages such as humans, which can reduce signal strength by more than 20 db. To overcome these issues, mmWave use highly directional beams at both transmitter and receiver. Though directional beams mitigate path loss and improves SNR but still suffers lower SNR with blockages and nLoS. The probability of lowering signal strength with multiple beams is lower as compared to a single beam. Distributed Phased-arrays (DPA) architecture is proposed for multibeam and multistream mmWave communication. DPA can mitigate serval challenges such as blockage, co-interference cancellation due its advanced features such as high spatial multiplexing gain. With the advent of multiple beams, the 5G network is expected to split or steer the traffic between the beams based on the beam channel conditions such as Signal to Noise Ratio (SNR), Round trip Time, Packet loss etc., [1-2].
 
Splitting/Steering Userplane Traffic. The UE equipped with DPA radios will perform their conventional beam training during their conventional Initial Access (IA), except in this case there will be an agreement on multiple beams between 5G network and the UE. 5G network or UE will make the choice of beams to be used during the established session [4,5]. Optimally splitting the traffic between the beams is challenging since the mmwave beams are highly susceptible to human blockages. Splitting the userplane traffic is done at either RAN or 5G core using split MPTCP, MPQUIC etc. (discussed more in section-5.A.5). Splitting at different layers has its own pros and cons, which is out of scope of SA1. One of the metric used in splitting the userplane traffic is to monitor the quality of the beam transmission, which is indicated by Signal to Noise ratio (SNR), Round Trip Time (RTT) packet loss etc., Though the probability of blocking multiple beams is low, to overcome such blockage, the same data can be transmitted over multiple beams. The effective SNR at the UE is given by SNR = (1-β) SNR, where β is the probability of blockage of multiple beams [3]. Using multiple beams comes with Head of the line blocking and Out of Order issues, which can worsen the through put as compared to a single beam. The 5G network or UE can actively monitor the channel conditions and decide the gains of using multiple beams versus single beam, and at times gains of using a single beam might be higher. In which case, the 5G network or UE will stop using both the beams and steer the traffic to an optimal beam. Suppose, if an active single beam is used for logistics purposes and if it is blocked, in which case the 5G network or UE might decide to use next best beam and steer all the traffic to the afore mentioned beam. 


Figure-1: HMD (UE) Streaming metaverse data using multibeam and multistream 3GPP Access

5.A.2	Pre-conditions
1) Joe is an aeronautical engineer and project manager who collaborates with other engineers remotely to build aircraft engine.
2) Joe uses 5G head mount device (HDM) which is 6DoF capable to collaborate with the project engineers in building the aircraft engine
3) Joe’s HMD uses sub-6GHz and 28GHz (mmWave) for streaming metaverse data while collaborating with the engineers remotely as shown in Figure-1.
4) Joe’s HMD device is equipped with DPA radio capable of using multibeam with multiple streams as shown in Figure-1.
5) Joe is at an airport longue waiting for his flight to Delaware, meanwhile Joe turns on his HMD to connects to the project DVE to complete some of his ongoing project work.
6) Joe’s HMD performs an Initial Aaccess(IA) where beam training happens, and HMD selects two beams for streaming as shown in Figure-1.
5.A.3	Service Flows
1) Joe starts working on his project using HMD, which streams metaverse data.
2) Joe’s metaverse streaming is optimally distributed through both the beams based on the transmission channel conditions as shown in Figure-1.
3) Joe is at the airport longue and there are a lot of intermittent human blockage, the 5G system optimally streams data across both the beams so that Joe receives uninterrupted streaming of metaverse data. The probability of both the beams being blocked is relatively lower.
4)  In case, if both the beams are blocked then the same user plane data is transmitted over both the beams so that the combined signal strength at the UE is higher than a single beam [3]. 
5) In case, if Joe’s HMD had used a single beam, the outage of the connection would have been higher due to human blockage resulting in the beam training to agree on a new beam.
6) In case, if the channel condition of one beam is worse than the other beam then the user plane data is steered to a single better beam – to avoid delays due to out of order packets.
5.A.4	Post-conditions
1) Joe completes his project using metaverse, which is streamed by HMD using multiple beams
2) Joe disconnects from the 5G network and turns the HMD off.
3) Joe prepares to board the flight as he gets boarding announcement about his flight, 
5.A.5	Existing feature partly or fully covering use case functionality
1) ATSS feature in clause 5.32 of 23.501 [6] enables multi-access PDU Connectivity service wherein two PDU sessions are established – one over 3GPP access network and another over non-3GPP access network and two independent N3/N9 tunnels between the PSA and RAN/AN. UE distributes the uplink traffic between the MA based on the network provided policies (ATSS rules) and local channel conditions such as signal loss conditions, network interface availability, user preference etc.,). Similarly for downlink traffic, the UPF anchor will distribute the downlink data based on network-provided policy and feedback information from the UE via the user-plane. If the UE indicates it is capable of supporting MPTCP functionality with any Steering mode such as active standby, smallest delay. Load balancing, priority based – and if the network accepts to activate these functionalities, then network supports MPTCP proxy between UE and the end serving server. In clause 5.35.6 of 23.501[6] the steering functionality is defined wherein a UE with ATSSS-capable can either steer, switch and split the MA PDU session traffic across 3GPP access and non-3GPP access. 
2) LTE and WiFi link aggregation (LWA) was defined in TS 36.360, release-17 [8, 9], wherein userplane data is aggregated at the Packet Data Convergence Protocol (PCP) level. For a downlink traffic the eNB may schedule PDCP PDUs of the same bearer o be delivered to the UE either via LTE or WLAN. The traffic distribution across LTE and WiFi is decided based on the radio information about both the links including flow control indication.
3) LTE WLAN Radio Level Integration with IPSEC Tunnel (LWIP/LWIPEP) is defined in TS 36.361 release-17 [7] wherein the userplane traffic is split and switched at the radio link layer between LTE and WiFi. UE uses WLAN via IPsec tunnels between eNB and UE. The data assembled at eNB by stripping the encapsulated data. Similarly the downlink data is split at the eNB and the userplane is dirtributed between LTE and WiFi at the radio level. The data to UE over WLAN are sent over IPsec tunnels, and the data from the LTE and WLAN are assembled at the UE by stripping the encapsulated data. The eNB or UE distributes the data across WiFi and LTE based on both the radio link conditions. 
4) URLLC system design in clause 5.33 of 23.501 [6] has proposed dual redundant system to achieve ultrahigh reliability. Though - in this system design- there are dual RAN connections, PDU session established, SMF and UPF but streams same data on both the connections to achieve reliability. It also relies on the upper layer protocol such as IEEE 802.1 TSN (Time sensitive Network) FRER (Frame replication & elimination for reliability), to manage dual redundant systems such as replication and elimination of redundant packets or frames. Moreover, the use of FRER is to exchange the content over both paths continuously, thus doubling the resources used over the radio for achieving ultrahigh reliability.
5) Redundant user plane paths based on multiple UEs per device has been proposed in Annex F of 23.501[6]. In this system design, the device is expected to have two UE(s) and they independently connect to their RAN and have their own PDU sessions with a common DN. This system requires dual UE(s) to achieve ultrahigh reliability. This architecture too assumes that some upper layer protocol (e.g. FRER) is used for replication and frame elimination, thus doubling the resources used over the radio.
5.A.6	Potential New Requirements needed to support the use case
[PR 5.2.6-001] The 5G system shall be able to support mechanisms to enable steering and splitting of UE's user plane traffic - of the same data session- across multiple 3GPP accessbeams links of the UE, and optimally distribute user traffic between the multiple 3GPP access links two beams based on their transmission channel conditions (e.g SNR, loss, round trip time). 
 
[PR 5.2.6-002] Based on the subscriptionT the 5G system shall agree on the number of 3GPP access beams used to be used by the UE. 

Note: Links can be multiple beams of a UE
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