[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #105	R1-2104830
e-Meeting, 19 – 27 May, 2021

Agenda item:		8.4.4
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion of other aspects for NR over NTN
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]RAN plenary #86 [1] approved a work item on NR solutions to support non-terrestrial networks. It has been agreed that enhancements on PRACH sequence and/or format may be specified if beneficial and needed. In this document we provide our view on PRACH format enhancements. On top of this, we discuss some other aspects that need further consideration in relation to NR over NTN.
PRACH format and preamble sequence enhancements
Enhancements on PRACH preamble formats and sequence generation principle may be required in case the residual UL timing and frequency errors after optional compensation procedure exceed tolerated deviations from defined NR preamble formats. The NTN SR [2] considers four options for enhanced PRACH format and sequence design:
●	Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number. Additional usage of CP and Ncs can be further determined in normative work.
●	Option-2: A solution based on multiple Zadoff-Chu sequences with different roots.
●	Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding.
●	Option-4: A single Zadoff-Chu sequence with combination of scrambling sequence
The NTN SI provides also guidance on how to down select the different options:
●	minimize required normative work.
●	minimize implementation complexity.
●	minimize testing in device and network.
From our perspective option-1 is the preferred solution over the others, because it is the only one that fulfils all listed requirements.
A natural way to make initial access preambles more robust against residual frequency offsets is to allow higher SCS e.g. up to 240 kHz for FR2 in scenario with very large beam diameters and small elevation angles. Unambiguous preamble signature detection requires that the frequency offsets are within +/- 0.5 SCS. This range can be increased to +/-1.5 SCS by employing restricted set type A. The range can be further increased to +/-2.5 SCS by employing restricted set type B. Currently, higher SCS and restricted set types are not supported for preambles of length 139, 571 and 1151. In addition, specific subcarrier scaling factors are linked to specific preamble lengths. Therefore, we suggest to introduce SCS scaling factors {0,1,2,3,4} for preambles of length {139,571,1151} and optionally deactivate specific root sequences via restricted set type A. Table 1 provides details on the configurations. 
Proposal 1: Enable additional SCS scaling factors for all formats defined in TS 38.211 [3] table 6.3.3.1-2.
Proposal 2: Support restricted set type A for formats defined in TS 38.211 table 6.3.3.1-2.



[bookmark: _Ref20915085]Table 1. Configurations for enhanced ZC preambles.
	Format
	
	
	
	
	
	Support for restricted sets

	A1
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A

	A2
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A

	A3
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A

	B1
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A

	B2
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A

	B3
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A

	B4
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A

	C0
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A

	C2
	{139,571,1151}
	{0,1,2,3,4}
	kHz
	
	
	Type A



From Fig. 1-3 it can be observed that the residual differential (uncompensated) delay and hence the cyclic shift (NCS) should be kept as small as possible such that a large number of preambles can be offered in the network. Employing restricted set type B is not considered as an option because this would, specifically for preambles of length 139, lead to a small number of preambles.
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[bookmark: _Ref21099028]Figure 1. Number of available preambles for unrestricted and restricted set type A as function of NCS for LRA=139.
[image: ]
Figure 2. Number of available preambles for unrestricted and restricted set type A as function of NCS for LRA=571.
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Figure 3. Number of available preambles for unrestricted and restricted set type A as function of NCS for LRA=1151.

Reliance on GNSS Systems
The usage of GNSS-based solution, assumes the UE has access to a GNSS system. However, the GNSS solution is not part of the 3GPP specification standard, and therefore it is not subject to standardization. As such, the 3GPP can’t standardize how the UE implements its GNSS solution. 
Observation 1: As GNSS is external to 3GPP, the standard cannot dictate how the UE implements its GNSS solution nor the system chosen (GPS, GLONASS, Galileo, Others). 
Observation 2: The precision and availability provided by different systems may vary significantly.
The full-reliance on GNSS for synchronization and Random Access procedures leaves the 3GPP system implementation dependent on third part systems. This create additional room for threats to the functioning of the system: 
1) Spoofing: Modification of the position of the UE. Systems like GPS are know to be vulnerable to spoofing (https://nakedsecurity.sophos.com/2013/07/31/80-million-yacht-hijacked-by-students-spoofing-gps-signals/ ). For Random Access, the major threat is to prevent the UE to ever be able to get the RA process complete due to lack of synchronization.
2) Jamming: Most of GNSS systems are known to be highly sensitive to jamming of their signals.
3) Availability: The provider of the GNSS system may decide to turn off, modify, remove free access to their system, without notice or consideration to the NTN service provider. This will impact UEs capability to access the network and their satisfaction. 
4) Hacking: The 3GPP cannot ensure the third part system is not subject to malicious attacks, as its security implementations are outside the 3GPP world. 

Other applications utilize GNSS for implementing or refining their solutions, but NTN seems more vulnerable to faults in GNSS systems, as the entire connectivity (the Random Access procedure) is fully relying on GNSS.
Observation 3: Full reliance on third part GNSS applications leave the 3GPP systems exposed to vulnerabilities that cannot be subject to enhancements or modifications by 3GPP standards or service provider will. 
Proposal 3: NTN systems must contain a fall-back conservative solution that allows UE to access the network in case of faulty or malfunctioning GNSS systems.


Polarization signalling aspects
As part of the discussions related to the 8.4.4 agenda item at previous RAN1 meeting on polarization aspects for NTN operation, the following agreement has been reached [103-e-NR-NTN-Other-Enh] and [5]: 
Indication of polarization information for DL and UL by the network is supported. ​
1. FFS: Signaling detail

In this discussion we address the signalling details. The agreement from [103-e-NR-NTN-Other-Enh] has two direct implications:
a) The polarization indication is to be provided by the network, and
b) A single polarization indication is used for the polarization to be used for both UL and DL, or
c) Separate polarization indications are used for the polarizations to be used for UL and DL

In practice, the polarization indication can be provided using:
i. Broadcast information for IDLE mode UEs, and/or
ii. RRC signalling for CONNECTED mode UEs. 

We assume option i) as the default signalling mechanism for polarisation indication. In option i) the polarization used for broadcast transmission from the gNB can be either a system wide default configuration, such that any UE can use it as default or, it can be detected autonomously by the UEs during the cell search procedure by observing the received broadcast signals. The latter solution might be feasible only for VSAT type UEs (and associated frequency bands) with LHCP or RHCP transmission, while the former solution is more generally applicable also to handheld UEs and low frequency bands. Further, from RAN1#104-e meeting, there was an agreement to “Support at least explicit indication of polarization information for DL by the network”. While the exact indication is for further study. As the polarization information is needed prior to initial access, that is, for reading MIB/SIBs as well as for the UE to access the network during initial access, it would be beneficial to have this information available through SIB signaling.
Proposal 4: Use SIB based broadcast transmission to provide the default polarisation indication for DL and UL.  
With respect to the configuration for polarization used in the intial access, the UE should be using the gNB indicated polarization for UL transmissions, or if this information is not present assume the same polarisation configuration as for DL. Since initial access by the UE does not allow the UE to indicate any capability, the UE will have to adhere to any configuration for transmit operation that is indicated by the gNB. 

As outlined in our input to the discussion at the last meeting, the polarization aspects for UL transmissions should rather not be left to UE capabilities, as this would (a) create segmentation between UEs, and (b) create potential problems in connection with initial access. Hence, we propose the following:

Proposal 5: Define a network configured basic or default polarization mode for DL and UL operation which is used for initial access. 
With option ii), the polarisation mode can be further adapted, at least in theory, to the capabilities of the UEs and depending on the satellite transceiver operating modes. However, it is important to clarify if this type of adaptation can really be supported in the transparent paylod scenario, because:
1. The NG-RAN might not have full control over the radio tranceiver on-board the satellite, i.e. cannot include dynamically the relevant polariszation indication information in the RRC signalling to the UEs
2. The transceiver on-board the satellite might not have the polarisation reconfiguration capability at the transmission time scales at which the NG-RAN operates (10’ to 100’ ms), i.e. dynamic and UE specific (per time-frequency resources) changes of polarization modes might not be supported by the satellite transceiver
3. Having transmission modes with different polarisation, would require additionally specified radio signalling (RRC, MAC, DCI), similar how MIMO modes are configured in 5G NR, i.e. new transmission modes need to be studied and introduced in combination with some of the existing MIMO modes.

Proposal 6: Clarify if signalling of polarization mode using RRC signalling for RRC_CONNECTED mode UEs can really be supported in the transparent paylod scenarios.
One of the open items discussed at the RAN1#104-e meeting was the UE reporting capability of UE polarization considering various aspects such as e.g. deployment scenarios, UE implementation aspects, satellite implementation aspects as we have already outlined in the previous proposal.
One important aspect to note in this context is that whenever features are made optional for the UE to implement, it will create fragmentation of the scheduling candidate set at the gNB, since it would not be feasible to schedule UEs with different polarization capabilities in the same slot. Hence, if it is decided to introduce UE indication related to polarization, it would be preferable that the UE only reports the preferred polarization, while the UE should preferably be supporting any polarization mode.
Proposal 7: The UE supports the default polarization mode offered by the gNB/satellite.
Proposal 8: The UE may report a preference for a polarization mode from its supported polarization modes.

Transparent satellite aspects
The TR 38.821 [2] defines a transparent satellite as follows:[bookmark: _Toc26620913]5.1	Transparent satellite based NG-RAN architecture
[bookmark: _Toc26620914]5.1.1	Overview
The satellite payload implements frequency conversion and a Radio Frequency amplifier in both up link and down link direction. It corresponds to an analogue RF repeater. 
Hence the satellite repeats the NR-Uu radio interface from the feeder link (between the NTN gateway and the satellite) to the service link (between the satellite and the UE) and vice versa.
The Satellite Radio Interface (SRI) on the feeder link is the NR-Uu. In other words, the satellite does not terminate NR-Uu.
The NTN GW supports all necessary functions to forward the signal of NR-Uu interface.
Different transparent satellites may be connected to the same gNB on the ground.


The text of section 5.1.1 [2] defines the transparent satellite implements amplification of uplink and downlink. However, the exact type of amplification is not defined. This is an issue, e.g. because the satellite downlink output power impacts link adaptation (interpretation of CQI, SRS), mobility mechanisms (handover and cell selection) and UE uplink power control. Thus, it is necessary to define the type of satellite amplification, both for the downlink (i.e. feeder link to service link) and uplink (i.e. service link to feeder link) – note that each link is composed of a receiving and transmitting gain factor. The potential amplification types include:
· Constant gain. The combined receive and transmit gain is a constant, independent of the received signal.
· Constant Emitted Isotropic Radiated Power (EIRP). The satellite will adjust the combined receive and transmit gain based on the received signal and a target EIRP. This may potentially make the feeder link gain equal to one.
· Constant power at receiver. The satellite will attempt to compensate for the radio channel. 
As an example of the implications, consider the scenario of Figure 4. Since the combined propagation distance is the same for NTN-GW1 – SAT1 – UE and NTN-GW2 – SAT2 – UE, the constant gain type of amplification will in principle result in the same received power at the UE from both NTN-GWs. However, if the constant EIRP type of amplification is applied, the SAT2 will provide a significantly stronger signal to the UE since service link sl2<<sl1, but SAT2 will also consume more power, because the required gain from feeder link to service link is larger (fl1<<fl2). Figure 5 provides another example, where the transparent satellite is connected to two different feeder links (i.e. a feeder link switch may be imminent). One feeder link (fl1) experiences significantly larger propagation delay and loss compared to the other (fl2). However, if the satellite fully compensates for the feeder link propagation loss in downlink, the UE will see two equal power service links (sl1 and sl2).
[image: ]
[bookmark: _Ref30426839]Figure 4 Scenario where transparent satellite amplification type impacts UE mobility.
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[bookmark: _Ref31275908]Figure 5 Another scenario where transparent satellite amplification type impacts UE mobility.
In addition to the amplification types, it will also be beneficial to clarify, whether the target of the selected amplification type can always be achieved or certain events (e.g. lack of battery power, high load of users) will result in variations over time. Given the above options of transparent satellite amplification it is observed that it will be beneficial for the gNB to be aware of the transparent satellite mechanisms. This is e.g. useful for interpreting measurement reports and configuring UE uplink transmit power control. As an example, the UE considers the radio path loss to be reciprocal and it thus relies on downlink RSRP measurements, when determining its uplink transmit power. However, the satellite may apply different gain factors in the feeder link to service link and the service link to feeder link, which results in suboptimal UE uplink transmit power. Therefore, it is beneficial for the gNB to be aware of the transparent satellite’s gain factors and to potentially adjust certain UE parameters including transmit power control [4]. From complexity point of view, it would be beneficial if the system would define the feeder link (fl1 and fl2) as having unity gain, thereby transforming the transparent satellite into the form of a remote radio head.
Proposal 9: RAN1 may assume that the feeder link is having unity gain for both UL and DL.

Aspects related to beam operation
During RAN1#104-e discussions there was a conclusion to discuss whether or not a set of identified issues were relevant and if enhancements would be needed on top of current NR specifications to support NR beam management. For reference, the conclusion is repeated below:
Conclusion:
Discuss whether or not at least following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management:
· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching.
· Issue 2: NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL.
· Issue 3: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling.
· Issue 4: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE may need to perform re-synchronization in the switched BWP. 
· Issue 5: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) may be preferred but current NR does not allow it.
· Issue 6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 7: NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead.

Issues 1-4 are related to the situation where the intention is to create a frequency reuse through the NR beam management, which would allow for using the beam switching mechanism to facilitate fast change of connected beam while at the same time providing an improved SINR through the frequency reuse. According to our understanding, this would be an unnecessary optimization and would put additional complexity into the specifications to support a feature which already exists through handover mechanisms, although the handover mechanisms would be seen as slower than the NR beam switching mechanism.
Proposal 10: For Rel-17, do not support FRF>1 through the beam management framework.
Although issues 5-7 does not explicitly mention FRF>1, they are related in the aspect that these issues arise from the need to handle different beams being associated with different BWPs. Under existing NR operation, this is normally not a problem, and since we do not see a need to have different BWP configurations being associated to different beams, we propose to reuse the existing NR framework for beam and BWP management for NTN operation.
Proposal 11: Reuse existing Rel-16 NR framework for beam and BWP management for NTN operation.

Conclusion
In this contribution we have the following observations and proposals:
Observation 1: As GNSS is external to 3GPP, the standard cannot dictate how the UE implements its GNSS solution nor the system chosen (GPS, GLONASS, Galileo, Others). 
Observation 2: The precision and availability provided by different systems may vary significantly.
Observation 3: Full reliance on third part GNSS applications leave the 3GPP systems exposed to vulnerabilities that cannot be subject to enhancements or modifications by 3GPP standards or service provider will. 

Proposal 1: Enable additional SCS scaling factors for all formats defined in TS 38.211 [3] table 6.3.3.1-2.
Proposal 2: Support restricted set type A for formats defined in TS 38.211 table 6.3.3.1-2.
Proposal 3: NTN systems must contain a fall-back conservative solution that allows UE to access the network in case of faulty or malfunctioning GNSS systems.
Proposal 4: Use SIB based broadcast transmission to provide the default polarisation indication for DL and UL.  
Proposal 5: Define a network configured basic or default polarization mode for DL and UL operation which is used for initial access. 
Proposal 6: Clarify if signalling of polarization mode using RRC signalling for RRC_CONNECTED mode UEs can really be supported in the transparent paylod scenarios.
Proposal 7: The UE supports the default polarization mode offered by the gNB/satellite.
Proposal 8: The UE may report a preference for a polarization mode from its supported polarization modes.
Proposal 9: RAN1 may assume that the feeder link is having unity gain for both UL and DL.
Proposal 10: For Rel-17, do not support FRF>1 through the beam management framework.
Proposal 11: Reuse existing Rel-16 NR framework for beam and BWP management for NTN operation.

References
[1] [bookmark: _Ref53750729][bookmark: _Ref53659306]RP-193234, Thales ”Solutions for NR to support non-terrestrial networks (NTN)”
[2] [bookmark: _Ref61519034]3GPP TR 38.821 V16.0.0 “Solutions for NR to support non-terrestrial networks (NTN)”
[3] [bookmark: _Ref61519062]3GPP TS 38.211 V16.3.0 ”Physical channels and modulation”
[4] [bookmark: _Ref31184866]R1-1908251, Nokia, “Considerations on UL Power Control, AMC and CSI in NTN”, RAN1 #98, 2019
[5] [bookmark: _Ref61873908]R1-2009736, “Summary #4 of 8.4.4 Other Aspects of NR-NTN”, MediaTek Inc
[6] R1-2102141, ”Summary #3 of 8.4.4 Other Aspects of NR-NTN”, Moderator (OPPO)

image1.wmf
RA

f

D


oleObject1.bin

image2.wmf
u

N


oleObject2.bin

image3.wmf
RA

CP

N


oleObject3.bin

image4.png
Total Number Preambles

100000

10000

1000

100

10

——unrestricted set

——restricted set type A

40 50 60 70




image5.png
1000000
——unrestricted set
«» 100000 -
2 ——restricted set type A
£ 10000 -
<
o
& 1000 -
£
E
Z 100 4
I
o
= 10 A
1 T T T T T
0 50 100 150 200 250




image6.png
10000000

1000000

100000

10000

1000

100

Total Number Preambles

10

1

——unrestricted set

——restricted set type A

0

50 100 150 200 250 300 350 400 450 500 550
Nes





image7.png
fl2

NTN-GW2




image8.png
1

NTN-GW1




