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1. Introduction
The NTN WI is presented in [1], where the following RAN4 objectives are defined:
	4.1.4	RAN4
Study the framework how NTN core requirements are defined.
Specify the following requirements [RAN4] (Note 1)
· UE RRM core requirements 
· Study and identify which bands may be potentially relevant to NTN including: 
· Analysis of regulations in the spectrum considered
· Adjacent channel co-existence 
· Considering the potential bands to be used as example for the WID:
· Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 

· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed [RAN4].

Note 1: It is assumed that this work item will be frequency agnostic and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and satellite 



Furthermore the following proposal was agreed in [3]:

· Although further input from RAN1/RAN2 is necessary, RAN4 should discuss measurement and mobility for the following scenarios with high priority:
· Intra-NTN for both RRC Connected and Idle/Inactive modes
· between GEO type satellites
· between LEO type satellites at the same altitude
· between earth moving cells


In RAN2 #113bis-e [4] the following agreements were made:Agreements
1. For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap configuration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).
2.	Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.
3.	Enhancements of the SMTC configuration is supported for Rel-17 NTN.
4.	Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap
Agreements - via email (from offline [106])
1.	For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
· The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
· The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
FFS the following open questions: 
	(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
	(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
	(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
	(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
	(e) What about the feeder link delay? Is it considered anywhere?
2.	The configuration of one or multiple offsets is left up to the network implementation.
3.	It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.


From earlier RAN2 agreements we furthermore confirm 
· legacy SSB periods are supported (i.e. TN values)
· UE is not forced to detect SSB burst outside the configured SMTC window
· SMTC and measurement gap are configured based on the PCell timing
· UE and non-terrestrial network shall have same understading of timing
In this contribution we present our considerations on SMTC configuration and measurement gaps with focus on the impact of varying propagation delay in LEO scenarios.  Furthermore, we also highlight an issue related reception power.
2. SMTC configuration and measurement gaps
The SSB measurement timing configuration (SMTC) is used to define how a UE performs SSB-based measurements. According to TS 38.331[5] the SMTC window duration is 1, 2, 3, 4, or 5 subframes, while the periodicity of the window is 5, 10, 20, 40, 80, 160 subframes. For normal operation the UE may have 2 SMTCs configured. 
The SMTC configuration may be associated with a measurement gap, depending on UE capabilities, see TS 38.133 [6]. The measurement gap length is 1.5 ms to 6 ms, with two extended options of 10 ms and 20 ms. The periodicity of gap is 20 ms to 160 ms [6]. If the UE is configured with a measurement gap the UE is not required to receive/transmit from/to a NR cell during the gap, besides reception of signals for RRM measurements and random access. 
Observation 1: the length of the measurement gap has an impact on the potential UE throughput where smaller measurement length are having least impact.
Such configurations work well for terrestrial networks where the relative timing of SSBs from serving and neighbor cells are fixed and where the propagation delay only varies due to the UE movement. 
3. Measurements in a LEO scenario
In low-earth orbit (LEO) scenarios the propagation delay between UE and serving cell varies over time, because the satellite, which in transparent scenarios amplies and forwards the radio signals, moves. The variation depends on the distance between UE and satellite (service link) and the distance between satellite and NTN gateway (feeder link). In addition, the propagation delay between UE and neighbor cells on other satellite(s) will vary in a different manner, because of the different location of the other satellite(s) compared to the satellite of the serving cell. The scenario will become worse with increasing satellite altitude.
Figure 1 provides an illustration of a LEO scenario [7]. Consider that SAT1 is providing the serving cell to the UE via NTN-GW1, while SAT2 provides a target neighbor cell via NTN-GW2. The satellites are moving east-west and thus both approaching their respective NTN-GWs, while SAT1 is moving away from the UE and SAT2 is approaching the UE. The satellites movement and the relative location of the NTN-GWs resulting in the propagation delays varying as a function of time. 
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[bookmark: _Ref59024781]Figure 1 Varying propagation delays in a LEO scenario with transparent satellites.
Table 1 provides some example numbers for the scenario in Figure 1 assuming a satellite altitude of 600 km [2]. 
[bookmark: _Ref66873792]Table 1 Potential ropagation delay variations in the LEO scenario of Figure 1.
	
	
	UE
	NTN-GW (GW1 for SAT1, GW2 for SAT2)
	Joint GW-SAT-UE delay

	
	Time
	Angle
	Propagation delay
	Angle
	Propagation delay
	

	SAT1
	T1
	50 o
	2.5 ms
	10 o
	6.4 ms
	8.9 ms

	
	T2
	30 o
	4 ms
	30 o
	4 ms
	8 ms

	
	T3
	10 o
	6.4 ms
	50 o
	2.5 ms
	8.9 ms

	SAT2
	T1
	10 o
	6.4 ms
	45 o
	2.7 ms
	9.1 ms

	
	T1
	30 o
	4 ms
	65 o
	2.2 ms
	6.2 ms

	
	T2
	50 o
	2.5 ms
	80 o
	2 ms
	4.5 ms



The column “Joint GW-SAT-UE delay” indicates that the combined propagation delay between NTN-GW1 and UE will slightly change from T1 to T3, while the propagation delay between NTN-GW2 and UE is reduced 4.6 ms from T1 to T3. Since the UE’s timing is based on the serving cell, which in this scenario originates from NTN-GW1, the UE will observe that the SSBs from the target neighbor cell provided via NTN-GW2 drifts over time in a non lineair way – specifically the timing difference between the two cells will change from - 0.2 ms at T1 to +4.4 ms at T3. If the SMTC window, with a maximum length of 5 subframes, is statically configured it may not be able to handle such a drift in the sense that the SSB of the target neighbor cell may eventually be located outside the SMTC window. This can lead to the UE not being able to detect and measure the target neighbor cell.
The latest RAN2 agreements [4] provide the solution:
· The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
· The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
The above example would be solved by providing two different SMTC windows. However as the example shows it would require that the SMTC configuration needs to be updated rather often or the largest possible window need to be provided.
Observation 2: Providing different SMTC configurations to UEs may require several updates to the SMTC configurations during the time of stay in a cell.
There are certain effects, related to the SMTC configuration, which may have an impact on the UE not being able to measure the SSBs of the neighbor cell in NTN:
· The UEs correct understanding of time (PCell time)
· The correct configuration of the SMTC windows.
· Serving gNB may not have very accurate location information of the UE
· Serving gNB may not have accurate enough information about the feeder link delays for the neighboring satellites
As neighbor cell measurements are crucial for the performance of the system, it is recommended that RAN4 studies the impact of these factor.
Proposal 1. RAN4 to study the impact the above factors on the ability of the UE to measure the SSB of a neighboring cell (on a neighboring satellite)
Furthermore RAN2 has agreed that optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap can be defined. One potential UE feedback can be based on the idea listed in [7], where the UE indicates to the network that the SSBs is at the border of the currently used SMTC window.
Proposal 2. RAN4 to study how UE feedback can improve the likelihood of a UE to measure the SSB of a neighboring cell.
4. Transparent satellite impact on power levels
According to section 5.1.1 of TR 38.821 [2] the transparent satellite will amplify uplink and downlink radio signals. However, the TR does not define how the amplification is performed. This is problematic, because the satellite power levels impact link adaptation, e.g. in terms of how to interpret uplink sounding reference signals and downlink channel state information reports; mobility mechanisms based on interpretation of RRM measurements; and UE uplink power control, where the UE considers the channel to be reciprocal when adjusting uplink power based on downlink measurements. The amplification may be based on [8]
1. Constant gain. The receive and transmit gains are constant i.e. independent of the input signal to the amplifier.
2. Constant Equivalent Isotropic Radiated Power (EIRP). The receive and transmit gains of the satellite are adjusted based on the received signal to obtain a constant target EIRP.
3. Constant power at receiver. The satellite may attempt to compensate the loss of the radio channel to ensure constant power at the NTN-GW, i.e. feeder link equalization.
4. Constant power spectral density. The satellite may amplify the received signal to achieve the same power power in all subcarriers.

Observation 3 : For transparent satellite payload,  several different types of on-board satellite amplification procedure are possible.
In the following two examples are provided to demonstrate the impact of the various amplification types.
Figure 2 illustrates a scenario where the propagation distance from NTN-GW1 to the UE and the distance from NTN-GW2 to the UE are the same. If the constant gain amplification is applied the UE will receive the same power level from both NTN-GWs. If the satellite utilizes constant EIRP the UE’s received power from SAT2 will be significantly higher than from SAT1, because the service link propagation distance sl2 is shorter than sl1. 
[image: ]
[bookmark: _Ref30426839]Figure 2 Scenario where service link propagation distances are different for two NTN-GW conenctions.
Figure 3 demonstrates an example where the two service links sl1 and sl2, linking the UE to NTN-GW1 and NTN-GW2, respectively, are the same length. Therefore, the constant EIRP amplification will lead to the UE receiving signals from NTN-GW1 and NTN-GW2 with the same power, while in reality the propagation delay and loss are significantly longer/higher for NTN-GW1. 
[image: ]
[bookmark: _Ref31275908]Figure 3 Scenario where service link propagation distances are the same for two NTN-GW conenctions.
Observation 4: The transparent satellite amplification type impacts UE and network interpretation of measurements.
Proposal 3 : RAN4 to study and agree on the reference assumption to be used for the on-board satellite amplification process.
5. Conclusion
This contribution has made the following observations and proposals:
Observation 1: the length of the measurement gap has an impact on the potential UE throughput where smaller measurement length are having least impact.
Observation 2: Providing different SMTC configurations to UEs may require several updates to the SMTC configurations during the time of stay in a cell.
Proposal 1. RAN4 to study the impact the above factors on the ability of the UE to measure the SSB of a neighboring cell (on a neighboring satellite)
Proposal 2. RAN4 to study how UE feedback can improve the likelihood of a UE to measure the SSB of a neighboring cell.
Observation 3 : For transparent satellite payload,  several different types of on-board satellite amplification procedure are possible
Observation 4: The transparent satellite amplification type impacts UE and network interpretation of measurements.
Proposal 3 : RAN4 to study and agree on the reference assumption to be used for the on-board satellite amplification process.
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