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1. Introduction
At RAN#75, the phase 1NTN SID was approved in RP-170717, and the initial technical findings and conclusions are captured in TR38.811 [1]. At RAN#80, as proceeding, the phase 2 NTN SID was approved in RP-181370, and it aims to study further how Satellite/HAPS systems can be enhanced with NR various advanced techniques, so that NTN system can become one of important means by delivering mobile services in future.

According to RP-181370, RAN3 is scheduled to initiate the NTN discussion from NW high layer perspectives, so in this contribution, we provide our initial considerations on architecture issues.

2. Discussion

The radio interface between UE and satellite/HAPS is called “service link”; and the radio interface between satellite/HAPS and Sat-GW is called “feeder link”. Both “service link” and “feeder link” are supposed to adopt NR RAT, and Sat-GW on the earth is supposed to connect to 5GC via NG interface similar to NG-RAN.
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Figure 1: Typical architecture of satellite radio access network (Sat-RAN)

We shall focus on satellite case, as HAPS is of lower priority. The UE in Figure 1 above could be either handheld small terminals for low data rate services, or non-handheld big terminals, e.g. VSAT mounted on aircraft/vessel for high data rate services. The exact form and mechanism on UE side will not be addressed hereafter.

The NW architecture of Sat-RAN is comparable to “disaggregated NG-RAN node”, where the satellite plays the role of Sat-RAN-DU, while the Sat-GW plays the role of Sat-RAN-CU, and the interface in-between can be denoted as V1*, which may be different from existing F1 interface.
If the Sat-RAN is assumed to have the same NR radio protocol stack, subject to different function split options, Sat-RAN-DU would hold the low layer protocol entities (may not be the same as gNB-DU), and Sat-RAN-CU would hold the upper layer protocol entities (may not be the same as gNB-CU). As one extreme, it is possible that the Sat-RAN-DU is simply of bent-pipe, relaying physical signal like RRH, e.g. GEO satellite at the height of 35786 km, and in such case, Sat-RAN-CU should be kind of full gNB. As another extreme, it is also possible that the Sat-RAN-DU is kind of full gNB, e.g. LEO satellite in lower altitude, and in such case, the Sat-RAN-CU should be purely of GW router towards 5GC.

Proposal 1: Sat-RAN (comparable to disaggregated NG-RAN) consists of two disaggregated logic parts: Sat-RAN-CU and Sat-RAN-DU, inter-connected with V1* interface. Sat-RAN-CU holds the upper layer protocol entities and normally deployed on land; Sat-RAN-DU holds the lower layer protocol entities and normally deployed in space.

Proposal 1bis: It is still FFS about the exact function split between Sat-RAN-CU and Sat-RAN-DU, also the V1* design, subject to different Satellite and deployment types.

It is still unclear yet whether Sat-RAN node is kind of “special gNB”, or the 4th option of NG-RAN node (besides gNB, ng-eNB, N3IWF), and how about the definition of Sat-RAN node id?
Although the Sat-RAN-CU is assumed to connect to 5GC via NG interface, it is unclear whether and how NGAP (TS38.413) is adapted for Sat-RAN case. In the N3IWF case, a dedicated new spec TS29.413 was introduced to address the “delta” due to N3IWF; hence these basic concepts need to be defined.

Proposal 2: To fix the exact type and id definition for Sat-RAN node.

Proposal 2bis: It is FFS how to specify the NG behaviors with Sat-RAN, in TS38.413 or dedicated new spec?
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Figure 2: SAT-RAN with inter-Satellite Link

As shown in Figure2 above, it is possible that inter-satellite link is deployed between two neighbour satellites, then it means the logic entity Sat-RAN-DU could be further disaggregated between multiple satellites, so the concatenated architecture becomes more complicated. For Rel-16, we propose to de-prioritize the study of such scenario, i.e. we should leave the inter-satellite link to internal implementation of Sat-RAN-DU.

Proposal 3: For earlier releases, the further disaggregation or concatenation of Sat-RAN-DU is up to internal implementation, so the inter-satellite link is not standardized.
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Figure 3: Sat-RAN without direct interface or dual connectivity between two Sat-RAN-DUs

Since the architecture of Sat-RAN is comparable to “disaggregated NG-RAN”, one Sat-RAN-CU should be naturally allowed to manage multiple Sat-RAN-DUs via V1* interfaces and it got much simplified not to specify direct interface between two Sat-RAN-DUs same as the gNB-DU case. Furthermore, one Sat-RAN-DU should belong to single Sat-RAN-CU at a time.

Taking UE practical capability/power into account, it seems less likely that UE will connect to dual/multiple Sat-RAN-DUs simultaneously. The distance between UE and multi-Sat-RAN-DUs varies in range up to thousands of kilometers, which means very different timing advance. To implement this, multiple advanced RF chains on UE side and multiple timing advance control procedures are needed. Therefore, we tend to de-prioritize such scenario.

Proposal 4: One Sat-RAN-CU should be allowed to connect to multiple Sat-RAN-DUs, and there is no standardized direct interface between two Sat-RAN-DUs. One Sat-RAN-DU should belong to single Sat-RAN-CU at a time.
Proposal 4bis: To de-prioritize the scenario that UE connects to dual/multiple Sat-RAN-DUs simultaneously.
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Figure 4: Dual connectivity between NG-RAN and Sat-RAN

Besides the normal mobility requirement (both idle and connected mode) between NG-RAN and Sat-RAN, it was also discussed whether the dual connectivity between NG-RAN and Sat-RAN as in Figure4 above is sensible. In the area where both coverage is available, for particular UE e.g. at high speed in large scale area, or for particular services, e.g. special security/anti-spying requirement, it may be beneficial to allow dual connectivity between NG-RAN and Sat-RAN. Furthermore, it is also FFS whether there is direct Xn interface between Sat-RAN and NG-RAN. We propose to study the Sat-RAN DC use case further and de-prioritize it to later releases.

Proposal 5: For earlier releases, to specify the basic mobility behavior between NG-RAN and Sat-RAN for both idle and connected mode.

Proposal 5bis: For late releases, to potentially specify the Dual connectivity between NG-RAN and Sat-RAN.
For GEO satellite or HAPS, they are relatively stationary in the space to earth; hence they can provide “fixed beam/coverage” onto earth, accordingly, the Sat-RAN deployment e.g. TAC/Cell management is easier to be done similar to legacy TN case. In contrast, LEO satellites move faster but periodically over the earth; hence they cannot provide “fixed beam/coverage” onto the earth as GEO does. 

Observed from earth, different LEO satellites and associated beams are moving over our head in different timing intervals. Then the corresponding Sat-RAN deployment e.g. TAC/Cell management is quite different from legacy TN case. The TAC/Cell can be linked to the moving satellites and beams or still linked to fixed geographical area. Different models will further impact the Broadcasting, Paging, RACH, measurement, Inter TAC/Cell mobility behaviours.

The footprint of LEO satellites and associated beam patterns should be relative static and predictable over time, hence in certain geographical location; the Sat-RAN service provision should be still manageable as long as the UE reports correct position and timing.

Proposal 6: To define the model of Sat-RAN TAC/Cell with e.g. LEO case.

Proposal 6bis: It is still FFS how the Broadcasting, Paging, RACH, measurement, Inter TAC/Cell mobility behaviors are impacted.
3. Conclusion
RAN3 is kindly asked to consider following proposals:

Proposal 1: Sat-RAN (comparable to disaggregated NG-RAN) consists of two disaggregated logic parts: Sat-RAN-CU and Sat-RAN-DU, inter-connected with V1* interface. Sat-RAN-CU holds the upper layer protocol entities and normally deployed on land; Sat-RAN-DU holds the lower layer protocol entities and normally deployed in space.

Proposal 1bis: It is still FFS about the exact function split between Sat-RAN-CU and Sat-RAN-DU, also the V1* design, subject to different Satellite and deployment types.

Proposal 2: To fix the exact type and id definition for Sat-RAN node.

Proposal 2bis: It is FFS how to specify the NG behaviors with Sat-RAN, in TS38.413 or dedicated new spec?

Proposal 3: For earlier releases, the further disaggregation or concatenation of Sat-RAN-DU is up to internal implementation, so the inter-satellite link is not standardized.

Proposal 4: One Sat-RAN-CU should be allowed to connect to multiple Sat-RAN-DUs, and there is no standardized direct interface between two Sat-RAN-DUs. One Sat-RAN-DU should belong to single Sat-RAN-CU at a time.

Proposal 4bis: To de-prioritize the scenario that UE connects to dual/multiple Sat-RAN-DUs simultaneously.

Proposal 5: For earlier releases, to specify the basic mobility behavior between NG-RAN and Sat-RAN for both idle and connected mode.

Proposal 5bis: For late releases, to potentially specify the Dual connectivity between NG-RAN and Sat-RAN.

Proposal 6: To define the model of Sat-RAN TAC/Cell with e.g. LEO case.

Proposal 6bis: It is still FFS how the Broadcasting, Paging, RACH, measurement, Inter TAC/Cell mobility behaviors are impacted.
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