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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 SI [1] considers four options for enhanced PRACH format and sequence design:
●	Option-1: A single Madoff-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 scling 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. Table 1 contains also one additional configuration (C1) that offers a larger CP versus configuration B4.
Proposal 1: Enable additional SCS scaling factors for all formats defined in TS 38.211 table 6.3.3.1-2 and add one new format (C1)
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

	[bookmark: _GoBack]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

	C1
	{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.
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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 synchornization 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 know to be highly subjected 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 enhacements 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.

Architectural considerations
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 1. 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 2 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 1 Scenario where transparent satellite amplification type impacts UE mobility.
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[bookmark: _Ref31275908]Figure 2 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.
Proposal 4: RAN1 to define the feeder and service link type of amplification of a transparent satellite and potential limitations.
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 [3].
Observation 4: It is beneficial for the 5G system / gNB to be aware of the transparent satellite’s (time-varying) gain factors.
The text of section 5.1.1 suggests the transparent satellite corresponds to an analogue RF repeater, but in principle the satellite could also sample and forward a digital version of the analogue transmissions. No matter the satellite mode, the gNB may in principle compensate for the timing advance and Doppler on the NTN-GW – satellite link. If such compensation is performed by the gNB, the UE would only need to handle the service link.
Proposal 5: RAN1 to clarify that the satellite does not terminate the Uu interface, which implies no manipulation of information context is performed.
Transparent satellites rely on a gNB located on Earth. The 3GPP should not define nor signal the exact gNB location nor the NTN-GW location to the UE (similar assumptions as in release 16), but it is worth discussing the implications of those locations. The combined service and feeder link provide the NR-Uu interface (i.e. UE-gNB interface) and thus the NTN-GW corresponds to the antenna system of a terrestrial gNB. Thus, if the gNB is located next to the NTN-GW the RF signals can be transferred directly. If the gNB is in a different location, it may not be possible to transfer the RF signals directly, but instead they need to be digitized and transported, e.g. over an IP network. The routing delay of such transport networks may be varying and thus impact the Nr-UU performance.
Observation 5: The gNB location relative to the NTN-GW may impact the NTN user experience.
To ensure that the unpredictable delay between gNB and NTN-GW does not harm the NTN user experience, it may be beneficial for RAN1 to define an assumption of a limit on the maximum allowed delay. The actual delay limit is an architecture issue, which should be addressed by RAN3.
Proposal 6: RAN1 to define an assumption of the maximum tolerable gNB – NTN-GW delay.
Feeder link
As stated previously, the location of the gNB relative to the NTN-GW may impact the NTN user experience, and therefore it is beneficial to clarify whether a feeder link switch is also a gNB switch. In other words, can one gNB serve the same satellite through more than one NTN-GW over time, where the NTN-GWs may be separated 1,000s of kilometers? If the CU-DU split architecture is used, the UEs will still see a PCI change, when the satellite switches from the DU of the first NTN-GW to the DU of the second NTN-GW.
Observation 6: A feeder link switch for a transparent satellite may result in a cell switch.
Alternatively, the gNB may initially be connected to the UE through one satellite with a feeder link from one NTN-GW, but after some time connect to the UE through another satellite, which has feeder link connection with the same NTN-GW. In that scenario, the gNB remains the same, but the links of the Uu interface change, which would require time-frequency resynchronization. 
Observation 7: A gNB may switch links of the Uu interface from one satellite and feeder link to another satellite and feeder link, originating from the same NTN-GW.
Before a feeder link switch, the gNB may notify the UE about the imminent event, and provide the UE with information on when the switch will happen, the duration of the resulting transmission gap and potentially further assistance information to facilitate fast reconnection. The knowledge of the gap is useful for the UE, because it can potentially continue obtaining service after the switch without declaring RLF, flushing of HARQ and reset of MAC.   
Observation 8: An NTN UE may be informed about imminent switch events including the resulting transmission gap.
Proposal 7: RAN1 to clarify impact of feeder link switch and benefit of signalling assistance information for imminent switch events.
In the TR 38.821 [2], the propagation delay for a transparent satellite is specified to be twice the delay of a regenerative satellite (25.77 ms versus 12.89 ms for 600 km LEO, table 4.2-2). However, this implies the NTN-GW is located at the same distance to the satellite as the UE is. This is an assumption, which needs further clarification, because the feeder link operates with a different (better) link budget, which could allow longer propagation distances, and thus also longer delays. Furthermore, this delay varies as the satellite moves. Similarly, in our RAN2 contribution [9] there is a proposal to introduce a function describing the time-varying feeder link delay, and for consistency there is a need to know the maximum possible feeder link delay. Hence, we propose the following

Proposal 8: RAN1 to define an assumption on the maximum feeder link delay.

Inter-Satellite Link
In the TR 38.821 [2] architectural description of transparent satellites, there is a comment on inter-satellite link (ISL):[bookmark: _Toc26620916]5.1.3	NG-RAN impacts
There is no need to modify the NG-RAN architecture to support transparent satellite access.
NR-Uu timers may have to be extended to cope with the long delay of the feeder link and service link.
In the context of a LEO scenario with ISL, the delay to be considered shall encompass at least the feeder link (SRI) and one or several ISLs. 

The ISLs add complexity to the transparent satellite, but they also have a purpose in the sense of range extension. For example, a transparent satellite located over the Pacific or Atlantic Oceans may not be able to directly communicate with an NTN-GW. Instead, the transparent satellite may utilize ISL to connect through one or more hops of other satellites to an NTN-GW. The one or more ISL hops add to the total delay of the NR-Uu interface, and thus the supported delay range must be extended. The absolute delay number depends on the number of ISL hops, the distance between the satellites, and processing/routing delay of the ISL within each satellite. In order to standardize an NTN system with support for ISL, the 3GPP must define the maximum additional delay. Furthermore, the ISL may also have an impact on the feeder and service link path gain.
Proposal 9: RAN1 to define the maximum additional NR-Uu delay due to use of ISL and potential path gain impacts.
[bookmark: _Hlk54276520]Polarization signalling aspects
As part of the discussions related to the 8.4.4 agenda item at previous RAN1 meeting, the summary document listed a potential agreement with relation to polarization aspects for NTN operation. This is repeated here:
Proposal#4-3 (based on 1st round of email discussion): 
Discuss and study potential enhancements for support of polarisation signalling in NR NTN:
· Configuration of DL and UL transmit polarization including Right hand and left hand circular polarizations (RHCP, LHCP) 
· Network broadcast DL and UL transmit polarization configuration  
· UE report its polarization capability to the network 
· Resource reuse mode with/without polarization for the beam management enhancement 
· Fixed polarization per cell/beam for polarization reuse and circular polarisation with intra-UE and inter-UE multiplexing (intra-UE and inter-UE) signalling
Related to this suggested proposal we have some comments and considerations that need to be taken into account for further discussion.
As a starting point, the UE should support support the basic operational mode that is configured for network operation. That is, the gNB is typically allowed the full freedom in terms of which configuration to apply. With respect to the configuration for polarization that is used by the gNB, the UE should be able to autonomously detect the polarization by observing the received signals, while the UE should be using the gNB indicated polarization for UL transmissions. 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 10: Define a network configured basic polarization mode for UL operation which is used for initial access.

Conclusion
In this contribution we have presented our observations and proposals, which are as follows:
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 enhacements or modifications by 3GPP standards or service provider will. 
Observation 4: It is beneficial for the 5G system / gNB to be aware of the transparent satellite’s (time-varying) gain factors.
Observation 5: The gNB location relative to the NTN-GW may impact the NTN user experience.
Observation 6: A feeder link switch for a transparent satellite may result in a cell switch.
Observation 7: A gNB may switch links of the Uu interface from one satellite and feeder link to another satellite and feeder link, originating from the same NTN-GW.
Observation 8: An NTN UE may be informed about imminent switch events including the resulting transmission gap.

Proposal 1: Enable additional SCS scaling factors for all formats defined in TS 38.211 table 6.3.3.1-2 and add one new format (C1)
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: RAN1 to define the feeder and service link type of amplification of a transparent satellite and potential limitations.
Proposal 5: RAN1 to clarify that the satellite does not terminate the Uu interface, which implies no manipulation of information context is performed.
Proposal 6: RAN1 to define an assumption of the maximum tolerable gNB – NTN-GW delay.
Proposal 7: RAN1 to clarify impact of feeder link switch and benefit of signalling assistance information for imminent switch events.
Proposal 8: RAN1 to define an assumption on the maximum feeder link delay.
Proposal 9: RAN1 to define the maximum additional NR-Uu delay due to use of ISL and potential path gain impacts.
Proposal 10: Define a network configured basic polarization mode for UL operation which is used for initial access.
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