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1 Introduction- An NTN in the 5G Era
5G is not just another generation of technology after 4G LTE. 5G is a transformational technology that will have a lasting and significant impact on numerous aspects of world economies and that will revolutionize the service experience for all of us. A Non-Terrestrial Network (NTN) will further expand the utility and potential of 5G, serving unserved or underserved parts of the world, facilitating maritime, airplane, railway, and emergency communications, and supporting IoT and non-IoT devices and applications. Compared to a Terrestrial Network, an NTN poses unique challenges due to long propagation delays, large Doppler shifts, large cell areas, and large path losses. However, the good news is that RAN2 has already built a strong foundation for the NTN specifications by identifying several key issues and high-level potential solutions. Samsung looks forward to collaborating with the NTN WI participants to create an effective and flexible NTN framework that can stand the test of time. As a step toward such collaboration, this contribution summarizes our preliminary observations and proposals for various NTN scenarios, challenges and solutions presented in RAN2 [1] [2]. 
While there are different types of NTNs, RAN2 has decided to focus on two extremes in Release 17- GEO satellites with a transparent payload and LEO satellites with a transparent payload. In these configurations, the gNB radio interface protocol stack is on the ground, and the satellite acts as a repeater. HAPS is implicitly supported due to the support for LEO satellites. In future, an airborne/space vehicle with a regenerative payload may also be supported; the entire gNB may be on the airborne/space vehicle or the gNB-DU may be on the airborne/space vehicle and the gNB-DU may be on the ground. 
2  Discussion
We would like to offer some overall observations and related proposals below to help launch(!) the discussions toward normative specifications. 
2.1 GNSS or No GNSS?

We would like to clarify a critical assumption next regarding the Global Navigation Satellite System (GNSS) capability of an NTN UE.
Section 3 of WID RP-201256 includes the following text (highlighted by Samsung for your convenience).

· Transparent payload based LEO scenario addressing at least 3GPP class 3 UE with and without GNSS capability and both Earth fixed &/or moving cell scenario (as per SI outcome).
· Note 1: Addressing LEO will provide the flexibility to also support transparent payload based HAPS based scenarios.
· Transparent payload based GEO scenario addressing UE with GNSS capability.
· Note 2: Addressing LEO and GEO scenarios will enable NR to support all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km.

Section 4.1 of WID RP-201256 includes the following text (highlighted by Samsung for your convenience).

The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.

· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG

· Earth fixed Tracking area is assumed with Earth fixed and moving cells

· UEs with GNSS capabilities are assumed.

· Transparent payload is assumed
Clarification on the UE’s GNSS capabilities will help develop normative specifications in R17. 

If a UE possesses GNSS capabilities, RAN2 solutions in R17 can make use of the UE’s GNSS capabilities for enhanced performance and flexibility where feasible and appropriate. However, in keeping with the flexibility of 5G and a variety of use cases for an NTN, we can envision that some UEs in future (e.g., Release 18) may not have GNSS capabilities (e.g., low-cost IoT or non-IoT devices). Hence, it may be a good idea to develop RAN2 solutions that support the UEs with GNSS capabilities and the UEs without GNSS capabilities.
Observation 1. The WID RP-201256 mentions in Section 3 that the UEs with GNSS capabilities and UEs without GNSS capabilities should considered for LEO scenarios. The same WID RP-201256 assumes in Section 4 that UEs with GNSS capabilities are assumed. 

Proposal 1. RAN2 can clarify if GNSS capabilities are mandatory or optional for UEs in R17. We prefer to support the UEs with GNSS capabilities and the UEs without GNSS capabilities.
2.2 Propagation Delays
As mentioned in Section 1, different NTN types have significantly different propagation delays and processing delays. 

Consider a GEO satellite with the transparent payload. The UE-to-gNB one-way propagation delay would be approximately 240 to 280 ms, with the satellite-to-earth delay being 120 to 140 ms. 

Now, consider a LEO satellite with the transparent payload. The UE-to-gNB one-way propagation delay would be 5.4 to 30 ms, with the satellite-to-earth delay being 2.7 ms for the 800 km altitude and 15 ms for the 1400 km altitude. 

For HAPS, the UE-to-gNB one-way propagation delay could be as little as 1.6 ms. 

As seen from these propagation delays, there are significant variations in propagation delays for different NTNs. Hence, RAN2 has decided to introduce offsets for timers or time-based parameters and extend ranges of some parameters (e.g., larger Sequence Number size for GEO satellites). 

The usage of timers or time-based parameters is affected by the Round Trip Time (RTT). The minimum RTT can be calculated for a given NTN type deployment. Hence, a common adjustment to multiple timers by the minimum RTT amount may be more efficient from a signaling perspective.  Finer adjustments can be made using an additional scaling factor that can modify the existing ranges of R16 parameters.
Observation 2. Due to long propagation delays in an NTN, RAN2 has decided to add timing offsets for time-based parameters and extend the ranges of selected non-timer parameters. 
Proposal 2. Since timers are affected by the RTT, a common increase to multiple timers at various layers (e.g., MAC, RLC, and PDCP) may be more efficient from a signaling perspective.   

The QoS requirements of standardized 5QIs cannot be met for certain NTN Types (e.g., GEOs) [TAS]. For example, the most-relaxed 5QIs from the delay perspective are 5QI= 76 (one-way packet delay budget of 500 ms between the UE and the UPF and packet error rate of 10-4) and 5QI= 8 or 9 (one-way packet delay budget of 300 ms between the UE and the UPF and packet error rate of 10-6) [3]. It may also be worthwhile to look at adjusting QoS attributes for other standardized 5QIs in the context of longer propagation delays so that certain applications or services can be supported at a lower grade of QoS (e.g., similar in principle to 1080p quality vs. 720p quality for a YouTube video). Such adjustment will facilitate App development and enable a service provider to formally meet the service obligations (e.g., Service Level Agreements or SLAs).

Adjustments to the R16 QoS framework are recommended so that the target QoS can be met for the expected types of an NTN. These adjustments should cover an end-to-end QoS implementation, spanning the radio interface, the radio network, the core network, and the services network.
Observation 3. The QoS requirements of standardized 5QIs cannot be met for certain NTN Types. 
Proposal 3. Send LS to SA2 because adjustments to the R16 QoS framework are needed to enable an NTN to meet the target QoS. 
2.3 Large Cells
An NTN cell can be bigger than even terrestrial boomer cells that could have a diameter of about 200 km. For example, a LEO cell can have a diameter of about 1000 km, and, a GEO cell can have a diameter of about 3,500 km [2]. Depending upon the traffic characteristics of NTN users and devices, there could be a significant strain on the radio resources in a large NTN cell.
When a large NTN cell supports smartphones and a massive number of IoT devices (especially with periodic data transfers), the number of RRC connections that needs to be supported at a given instant may become a capacity constraint due to the fixed size of 16 bits for an RNTI. It has been shown that the number of RNTIs may be inadequate to support the target device density for a GEO cell [5]. A given UE may be allocated more than one RNTIs, further increasing the probability of the RNTI being a capacity constraint. 

An increase in the size of the RNTI (e.g., “high capacity RNTI”) has an impact on PHY layer. For example, suitable masking of the CRC of a DCI would need to be defined when the RNTI size is different from 16. Furthermore, scrambling at the PHY layer is also affected, because of the dependence of UE-specific scrambling on C-RNTI. Hence, collaboration between RAN1 and RAN2 would be helpful.  
Observation 4. When a large NTN cell supports smartphones and a massive number of IoT devices, the existing 16-bit RNTI may be inadequate. 
Proposal 4. Support a larger-size RNTI.  
The available amount of radio resources per active user is likely to be smaller in a large NTN cell compared to a TN cell due to large cells sizes and relatively narrower channel bandwidths in an NTN. Hence, to make relatively more resources available to the user traffic, the overall utilization of common resources should not be too high. For example, the amount of radio resources reserved for common channels (e.g., PRACH in the uplink and PDSCH for paging and other types of common signaling in the downlink) should not be too high. 
RRC state transitions can be reduced by minimizing Tracking Area Update signaling via suitable management of Tracking Areas (TAs) or Registration Areas, PRACH utilization in the uplink and PDSCH utilization in the downlink can be reduced. This will ensure a satisfactory level of accessibility.  A less frequent use of common radio resources will make more radio resources available to user traffic. Note that the impact of frequent per-user state transitions is magnified by a large factor, because the same processing would need to be completed for many UEs of a large NTN in a relatively short period of time.
Signaling efficiency for common messages (e.g., SIBs) as well as dedicated messages becomes more important in an NTN cell, especially due to large cells. Reliability of SIB detection may become a challenge for large SIBs and moving cells. Handover signaling is expected to be higher in an NTN with moving cells compared to a TN cell. If handover related signaling is made more compact and some handover signaling is made broadcast signaling, fewer radio resources will be consumed by signaling, making more resources available to user traffic. Furthermore, handover delays can be reduced if the overall amount of handover signaling is reduced. Short or compact signaling messages (e.g., along the lines of messages for NB-IoT) could be useful in an NTN. 

Observation 5. The available amount of radio resources per active user is likely to be smaller in a large NTN cell compared to a TN cell. 

Proposal 5-A. Explore TAU signaling mechanisms that reduce the number of RRC state transitions. 
Proposal 5-B. Utilize compact broadcast and dedicated signaling messages in support of handover.
2.4 Location Services and Architecture
The Agenda Item 8.10.1 asks about the role of and the architecture for Location Service. 

3GPP has a well-established positioning framework originally defined for LTE including a positioning protocol called LTE Positioning Protocol (LPP). This framework has been extended for NR. See [6] and [7] for details. The R16 positioning framework can be reused and enhanced for an NTN. This framework supports GNSS signals and LTE/NR signals and involves the entities such as the UE, the eNB/gNB, and the location server [7]. 
Note that the R16 RRC signaling supports the reporting of the UE location. Such signaling can be enhanced for an NTN. 
However, we note that the traditional LTE/NR cell measurement-based positioning approach may be challenging for an NTN due moving cells and extremely weak neighbor cell measurements in the non-handover region.

Observation 6. The Agenda Item 8.10.1 asks about the role of and the architecture for Location Service. 

Proposal 6. Reuse and enhance the R16 positioning framework for an NTN. 
3 Conclusion

Samsung looks forward to collaborating with the NTN WI participants to create a flexible, effective, and long-lasting NTN framework. This framework can provide a strong foundation upon which further enhancements can be built in Release 18 and beyond. We have reiterated our preliminary proposals below.
Proposal 1. RAN2 can clarify if GNSS capabilities are mandatory or optional for UEs in R17. We prefer to support the UEs with GNSS capabilities and the UEs without GNSS capabilities.
Proposal 2. Since timers are affected by the RTT, a common increase to multiple timers at various layers (e.g., MAC, RLC, and PDCP) may be more efficient from a signaling perspective.   
Proposal 3. Send LS to SA2 because adjustments to the R16 QoS framework are needed to enable an NTN to meet the target QoS. 
Proposal 4. Support a larger-size RNTI.

Proposal 5-A. Explore TAU signaling mechanisms that reduce the number of RRC state transitions. 

Proposal 5-B. Utilize compact broadcast and dedicated signaling messages in support of handover.
Proposal 6. Reuse and enhance the R16 positioning framework for an NTN. 
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