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1 Introduction- Beam Aspects
RAN2 started working on the Non Terrestrial Network (NTN) Work Item as part of Release 17 in August 2020 [1] [3].

RAN2 held an email discussion on beam aspects as part of “[POST111e][910][NTN] Impacts of earth fixed and moving beams” [4]. The impact of beams, feeder link switch, and service link switch were discussed.  This contribution summarizes Samsung’s observations and proposals to address the beam challenges for an NTN [2]. 
Here are the key beam aspects that this contribution addresses.

A. Types of Beams

B. Massive Handover Signaling
C. Quasi-Earth-fixed Beams
This contribution makes specific proposals to facilitate collaboration among contributing companies and help RAN2 make progress toward solutions. 
2  Discussion
We would like to offer some observations and related proposals below to facilitate the discussions toward normative specifications that are customized for an NTN. 
2.1 Types of Beams
We observe that the use of “Earth-fixed” beams may create confusion without a detailed context. For example, the email discussion in [4] uses the term “Earth-fixed,” but these beams are “Earth-fixed” for a finite duration only. RAN2 will work on normative specifications to support true “Earth-fixed” beams that are essentially covering a fixed geographic area all the time and quasi “Earth-fixed” beams that illuminate a given geographic area only for a short period of time. We suggest that RAN2 use the following terms to refer to beams: Earth-fixed beams, quasi-Earth-fixed beams, and Earth-moving beams. We think the use of these terms will bring full clarity without requiring any context in normative specifications.
Summary

· An Earth-fixed beam illuminates a specific geographic area all the time. The overall coverage area of the beam generally does not change much from one instant to another instant (e.g., within a span of few hours). A GEO satellite creates such Earth-fixed beams. When an NTN cell uses an Earth-fixed beam, stationary UEs do not typically experience a change in the cell. 

·  An Earth-moving beam illuminates a different geographic area from one instant to the next. The overall coverage area of the beam keeps changing continuously. A platform such as a LEO satellite may use such Earth-moving beams and hence covers different geographic areas as the platform keeps orbiting the Earth. When an NTN cell uses an Earth-moving beam, even stationary UEs experience a change in the cell frequently (e.g., every few seconds).  Handovers typically occur continuously in the case of Earth-moving beams.
· A quasi-Earth-fixed beam illuminates one geographic area for one period and a different geographic period for another period. A platform such as a LEO satellite can create such quasi-Earth-fixed beams using a beam steering technique. When an NTN cell uses a quasi-Earth-moving beam, stationary UEs experience a change in the cell periodically as an outgoing NTN cell is replaced by an incoming NTN cell for a given geographic area. Handovers typically occur in bursts for all UEs in a given coverage area of the beam (e.g., every X minutes) in the case of quasi-Earth-fixed beams.
Observation 1. RAN2 will support various platforms such as GEO satellites, LEO satellites, and HAPS in Release 17 normative specifications. There is potential for confusion between truly “Earth-fixed” beams and quasi-Earth-fixed beams.   

Proposal 1. We suggest that RAN2 consider the use of the terms “Earth-fixed beams,” “quasi-Earth-fixed beams,” and “Earth-moving beams” for clarity.  

2.2 Massive Handover Signaling
In case of quasi-Earth-fixed beams and Earth-moving beams, a large number of UEs experience handover within a short time period. An efficient framework is needed to support the exchange of handover signaling messages (e.g., a downlink “RRC Reconfiguration” message containing a handover command and an uplink “RRC Reconfiguration” Message) for a large number of UEs. Such framework can aim to address two aspects: 
(i) Message Structure Efficiency. Reduce the sizes of downlink and/or uplink messages. An efficient message structure reduces the need for more time-frequency radio resources, making more radio resources available to carry user traffic.

(ii) Signaling Delivery. Convey the downlink RRC messages efficiently to a large number of UEs within as short time as possible. A massive signaling message reduces the overall signaling delay and makes more radio resources available to carry user traffic.

Message Structure Efficiency
In a typical R16 handover approach, all the information needed by the UE in the target cell is conveyed by the gNB in a unicast signaling message such as the RRC Reconfiguration message. However, due to a large number of UEs experiencing handover simultaneously, such traditional approach is too expensive in an NTN (especially for quasi-Earth-fixed beams and Earth-moving beams) from the perspectives of radio resource consumption and overall handover signaling delay. We suggest below an approach to efficiently convey the required information to may UEs quickly. 

The gNB can categorize selected Information Elements (IEs) or message fields of RRC messages into different classes. These classes may be cell (or beam), group, or UE. Information that is applicable to all UEs in the cell can be classified into the “cell” class (e.g., System Information). Information that is applicable to all UEs of a group can be classified into the “group” class. Information that the radio network intends to keep UE-specific can be classified into the “UE” class (e.g., a dedicated Random Access Preamble allocated to a UE for use in the target cell during handover).
We can define types of groups and groups for each group type. 
· One type of group can be based on QoS characteristics of QoS Flows. Within this QoS group type, one group may define a message structure containing IEs or parameters required for QoS Flows in support of best-effort QoS (e.g., for Internet access), and another group may define a message structure containing IEs or parameters required for QoS Flows in support of voice/video calls, IMS sessions, and best-effort QoS Flows. 
· Another type of group may be based on RLC/MAC configuration. Within this RLC/MAC group type, one group has one MAC/RLC configuration and another group has a different MAC/RLC configuration. A set of common features and default values (e.g., 3 RLC retransmissions or 0 RLC retransmissions) can be defined within a group.
· A group type can be based on the neighbor cells. Within this neighbor group type, one group may define information applicable to one neighbor cell, while another group may define information applicable to another neighbor cell.
Once the information is organized by the gNB in such manner and defined in specifications, the most optimal information delivery mechanism can be selected as discussed next.
Signaling Delivery
To convey handover related information to many UEs within a short period, the gNB may use a variety of signaling methods: broadcast signaling, enhanced broadcast signaling, groupcast/multicast signaling, multi-user signaling, and unicast signaling. 
· Broadcast Signaling. In the proposed framework, broadcast signaling implies the use of traditional SIBs with the traditional configuration such as a window of 160 ms and a certain number of repetitions and a certain periodicity of repetitions. Such broadcast signaling can be extended to SIB-multicast, where a certain RNTI corresponds to a set of UEs (e.g., a group) and the existing SI framework with its constrains (e.g., window lengths and periodicity of repetitions).
· Enhanced Broadcast Signaling. In this context, enhanced broadcast signaling means that one or more enhancements are made to the basic broadcast methodology. Example enhancements include shorter time intervals (e.g., shorter than 160 ms) for faster information acquisition, a flexible number of repetitions, and support for TTI bundling for enhanced reliability per gNB configuration. One or more RNTIs may be used for one or different types of enhanced broadcasting. For example, a GM-RNTI (Groupcast/multicast RNTI) may correspond to one group (or group type).
· Groupcast/Multicast Signaling. In the proposed framework, groupcast/multicast signaling means that a message is intended for a set of UEs and not all UEs in the cell. For example, in one implementation approach, the groupcast/multicast message may be for one group of UEs.
· Multi-User Signaling. Multi-user signaling message is intended for a set of UEs (and hence it can use a suitable GM-RNTI) and includes some or all of the following components: (i) information applicable to all UEs in the cell, (ii) information common to applicable to a set of UEs (e.g., a group), and (iii) UE-specific information. Suitable UE IDs and supporting information (e.g., # of UEs and lengths of IEs) are included. Suitable security mechanisms are applied (e.g., privacy, integrity protection, and ciphering).
· Unicast Signaling. Unicast signaling includes the IEs that are not covered by other types of signaling methods or that overwrite one or more parameter settings. Furthermore, traditional unicast signaling containing traditional parameters can also be used.
Observation 2. The traditional approach of conveying detailed radio configurations to UEs via unicast signaling consumes a large amount of radio resources and increases signaling delays when a large number of UEs are handed over from one NTN cell to another in cases of quasi-Earth-fixed beams and Earth-moving beams. 

Proposal 2. We suggest that RAN2 consider categorization of handover signaling IEs into classes such as cell (or beam), group, or UE and make use of an optimal information delivery methods such as broadcast signaling, enhanced broadcast signaling, groupcast/multicast signaling, multi-user signaling, and unicast signaling.  

2.3 Quasi-Earth-fixed Beams 
We observe that quasi-Earth-fixed beams have similar radio channel conditions for both the outgoing cell and the incoming cell. Furthermore, all UEs need to be moved from the outgoing cell to the incoming cell within a short period. Additionally, many UEs in the center or middle of the beam or cell have excellent radio conditions and would thus not meet a typical signal measurement cell search criterion. Hence, special handover strategies are needed for a quasi-Earth-fixed beam. 
In particular, the signaling load and the processing load are distributed across time in the Earth-moving beam case due to the gradual transfer of UEs from one cell to another, leading to smaller peak loads. In contrast, the signaling load and the processing load can be quite high in the quasi-Earth-fixed beam case due to the transfer of ALL UEs from one cell to another in a relatively short time period, leading to higher peaks compared to the Earth-moving beam case. Mechanisms that reduce user traffic interruption and distribute the handover signaling as evenly as possible are needed.
Observation 3. The signaling load and the processing load can be quite high in the case of quasi-Earth-fixed beams due to the need to transfer ALL UEs from the outgoing cell to the incoming cell in a relatively short time period.
Proposal 3. We suggest that RAN2 discuss mechanisms that reduce user traffic interruption and spread out the handover signaling load in time for quasi-Earth-fixed beams.
3 Conclusion

We have summarized our idle/inactive mode proposals below.
Proposal 1. We suggest that RAN2 consider the use of the terms “Earth-fixed beams,” “quasi-Earth-fixed beams,” and “Earth-moving beams” for clarity.  

Proposal 2. We suggest that RAN2 consider categorization of handover signaling IEs into classes such as cell (or beam), group, or UE and make use of an optimal information delivery methods such as broadcast signaling, enhanced broadcast signaling, groupcast/multicast signaling, multi-user signaling, and unicast signaling.  

Proposal 3. We suggest that RAN2 discuss mechanisms that reduce user traffic interruption and spread out the handover signaling load in time for quasi-Earth-fixed beams.
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