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In RAN4#97-e a WF on NTN RRM requirements was approved [1]. In this contribution we develop some of the topics in the WF.
	
Topic #6: NTN Measurements
Agreed:
· At least RSRP measurement accuracy for NTN-specific operation should be considered as a candidate option.
· No concern raised so far. There are also other measurements like RSRQ and SINR to consider.
· Consider new measurement type requirements for
· New HO procedures defined by RAN2 if any (part of normal RAN4 working process)
· All scenarios NTN-to-NTN, NTN-to-TN and TN-to-NTN
· Discuss once the Intra NTN mobility has sufficiently progressed. Intra NTN mobility refers to idle and connected mode mobility between NTN cells (e.g. intra or inter satellite).
· No concern raised so far
proposals for which there is no agreement:
· Select a list of (core) measurement requirements to be considered with priority.
· After sufficient progress is made in RAN1 / RAN2.
· However, an initial list has been already proposed.




2	Measurements
2.1	GNSS measurements during NTN operation
Due to the large Doppler Shift and Round Trip Time (RTT) and the large cell size (large differential delay), the use of accurate UE position along with satellite ephemeris data is likely to be critical for many RRM and transmission/demodulation procedures. A few RRM related examples are that the UE may need to preform- Doppler and timing pre-compensation for UL PRACH transmission
- Possible time and frequency tracking after PRACH transmission
- Initial timing difference estimation of a neighbor cell to determine a suitable measurement window
- Possible location based beam management or mobility.
- Doppler and timing tracking for the downlink. 
These examples are not exhaustive, nor do we intend to give the impression that all items in the list will be part of the eventual solution. The main aspect to emphasize here is that unlike for TN operation, an accurate and up to date estimate of position is pivotal to NTN operation and the UE will likely need to  perform frequent GNSS positioning measurements in both idle and possibly  RRC connected state. The UE can be the aforementioned ephemeris data for the NTN satellites. Hence a natural discussion to start the work is related to the GNSS measurements and UE positioning. 
GNSS receivers are implemented in many commercially available UEs and 3GPP has already specified A-GNSS assistance signaling for TN. As GNSS is a non 3GPP radio technology, it has not been specified in RAN4 specifications that the UE is allowed measurement gaps or interruptions for GNSS reception in the existing implementations, and hence we can observe
Observation 1 : It is practically feasible to receive GNSS positioning signals without any measurement gap or interruption in 3GPP radio reception or transmission
Due to the necessity to acquire and keep track of UE position when the UE is operating with NTN, the UE will need to make frequent positioning measurements. Based on the frequency of positioning measurement any possible measurement gap or allowed interruption would have a significant impact on NR communication and based on observation 4, should not be necessary. Hence we propose
Proposal 1 : No interruptions or measurement gaps are allowed for GNSS measurements during NTN operation.
 Further discussion of positioning measurements may be necessary in the work item. Since the accuracy of the positioning fix will have direct impact to other radio operations such as the probability of detecting a neighbor cell correctly, it will be necessary to consider whether existing A-GNSS requirements such as those in TS 38.171 are sufficient for the NTN operation use case. For example, 38.171 provides the following requirement on positioning measurement accuracy
	The minimum performance requirements specified in clause 5 apply for UEs that support A-GPS L1 C/A only. The requirements for UEs that support other or additional A-GNSSs are specified in clause 6.
…
5.2.1	Minimum requirements (nominal accuracy)
The position estimates shall meet the accuracy and response time requirements in Table 5.6.
Table 5.6: Minimum requirements
	Success rate
	2-D position error
	Max response time

	95 %
	30 m
	20 s


…
The minimum performance requirements specified in clause 6 apply for UEs that support other A-GNSSs than GPS L1 C/A, or multiple A-GNSSs which may or may not include GPS L1 C/A. The requirements for UEs that support A-GPS L1 C/A only are specified in clause 5.
…
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The position estimates shall meet the accuracy and response time requirements in Table 6.9.
Table 6.9: Minimum requirements
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	15 m
	20 s






Since a 15 or 30m difference in propagation path length (depending on UE capabilities) corresponds to around 0.05uS or 0.1µS at the speed of light, this gives an order of magnitude estimate of the impact of a positioning error to a timing estimate based entirely on the estimated position, however it should be noted that a 2-D position error of 15m or 30m will not directly correspond to a 15m or 30m error in the estimated propagation path between the UE and the satellite due to the geometry of the satellite (e.g. if it is directly overhead versus low on the horizon). Of more concern might be the 20s response time, since many time critical RRM procedures such as handover could not afford a 20s delay before being actioned. On the other hand, these requirements apply when the UE does not have a valid fix and 20s is a response time for time to first fix (TTFF) which is not relevant for the case where UE already has an estimated position and is performing position tracking measurements with GNSS which is the likely case in most RRM requirements after initial acquisition. Of more relevance in RRM would be time to subsequent fix (TTSF) and corresponding accuracy/success rate. The achievable TTSF delay and accuracy depend both on the fundamental GNSS signal characteristics and also on the UE measurement rate, which has a strong impact on UE power consumption. Naturally RAN4 needs to define requirements which
· Ensure that the relevant system needs (e.g. PRACH timing after handover) are met if based on position derived from periodic GNSS measurements
· Ensures that it is possible to implement UEs with good battery life
In other words, the usual tradeoffs in RAN4 apply, but we need to be particularly careful about GNSS measurements, as many other RRM functionalities can be expected to be derived from GNSS position in the NTN capable UE.
Proposal 2: RAN4 shall consider requirements for A-GNSS in 38.171 as a starting point when defining requirements for further RRM procedures based on UE position. RAN4 needs to verify if existing A-GNSS requirements are sufficient, considering the impact that positioning will have on the further RRM requirements which assume knowledge of UE position
In specifying the requirements there may be 2 options of either
· Specifying requirements (delay, accuracy etc.) for the GNSS derived position itself 
or
· Specifying requirements for the RRM functionalities (e.g.  derived from GNSS/A-GNSS position)
Generally the later approach seems technically correct, but it is also more difficult work in RAN4 since the impact of a positioning error to a derived error (such as transmit timing error for instance) needs to be understood in all cases. Nevertheless, it appears that RAN4 does not get away from doing full analysis, so the later approach seems needed.
2.2	Measurements during NTN operation
Some discussion of idle mode cell selection and reselection took place in RAN2#111e, for reference, the agreements in RAN2 are
	Agreements:
1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).



	Agreements via email - from offline 106:
1. The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
2. The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.
3. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.



In RAN2#112-e there were further agreements:
	
Control Plane Agreements:

· Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
…
· The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.
…
· The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.
…
· UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN.



From these agreements it can be seen that RAN2 considers existing reselection mechanisms based on priority configurations (which implies SSB based measurements such as SS-RSRP/SS-RSRQ) and that the existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. RAN2 has also agreed that the Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. 
In principle, if UE location is perfectly known along with ephemeris data for serving and neighbor cells, the pathloss of each cell can be accurately estimated (especially considering relative pathloss which may not be so much influenced by meteorological conditions as absolute pathloss) and reselection could be performed at the correct location without any measurement of the SSBs. In practice, such a procedure may be less feasible due to different satellite antenna gain in different beam pointing directions, and possible impact of the environment on propagation. Anyway the introduction of such a procedure or not is an ongoing topic for RAN2. Also, the exact definition of ephemeris data and the possible introduction of a new SIB containing NTN specific information are clearly still not finalized in RAN2.
Considering conventional reselections based on SSB measurements such as SS-RSRP and SS-RSRQ, it seems very likely that a modified cell selection and measurement procedure would be used which is at least partially based on UE position. For example, such a procedure can be envisaged as
1. Estimate UE position, and using ephemeris data  estimate candidate neighbor cell(s) which should be visible at the current time at the current UE position
2. Estimate difference of timing and frequency (doppler) between serving cell SSBs and neighbor cell SSBs, which is a function of UE position and ephemeris data of the serving / neighbor satellites
3. Perform measurement of the neighbor SSBs, using the estimated time window and Doppler to make the measurement feasible and  yield neighbor SS-RSRP/SS-RSRQ 
4. Use serving and neighbor measurements in similar to legacy reselection procedures.
A procedure similar to the above is even more likely given that now RAN2 has decided to include location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios
At any rate, RAN4 needs to follow the work in RAN1 and RAN2 to understand the details of the signaling and  measurement procedures, and even if a legacy procedure is used (for instance legacy reselection in RAN2), the means to determine the measurement samples is unlikely to be the same in an NTN UE as is used in a TN UE today. This needs to be taken into account in determining suitable UE requirements.
There was some progress when it comes to connected mode in RAN2#112-e
	4. The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.
5. Legacy SSB periods (as in TN) shall be supported in NTN.



Agreements via email - offline 106:
1. RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN.

Agreements:
1. SMTC and gap configuration in NTN are configured based on the timing of PCell
2. RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.
3. RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN
4. UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN

Some of the earlier comments on SSB based measurement for idle mode would also initially appear to be applicable for RRC connected mode but this needs to be better understood once RAN2 has made further progress.
Proposal 3: RAN4 further discusses measurements in NTN operation for both idle and connected mode once further progress is made in RAN1 and RAN2. 
2.2.1	Measurements supporting mobility
An objective of the work item in RAN2 is
· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)
In line with this objective, the agreements in RAN2#111e are:
5.	For TN/NTN mobility, the UE is not required to connect to both TN and NTN at the same time. 
6.	RAN2 to discuss about trigger(s) of TN / NTN mobility, once the Intra NTN mobility has sufficiently progressed. Intra NTN mobility refers to idle and connected mode mobility between NTN cells (e.g. intra or inter satellite).

In RAN3#112e we further have these agreements:
1.	Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded).
2.	The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO.
3.	NTN specific CHO execution condition can be further discussed.

Agreements via email - offline 105:
1. Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
2. DAPS HO for NTN is de-prioritized in this release.
3. Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.


Given the current status, there is also limited value to discussing TN / NTN mobility in either direction until some further details become clear. Nevertheless, requirements defined in RAN4 will need to support TN to NTN and NTN to TN mobility during the WI, and we can assume that such requirements will involve measurement(e.g. SS-RSRP) of both TN and NTN with either type of serving cell.
Given the situation we propose to follow a similar approach as in other WG, i.e.
Proposal 4 : RAN4 to discuss about measurements supporting TN / NTN mobility, once the Intra NTN mobility has sufficiently progressed. Intra NTN mobility refers to idle and connected mode mobility between NTN cells (e.g. intra or inter satellite).
2	Summary
Observation 1 : It is practically feasible to receive GNSS positioning signals without any measurement gap or interruption in 3GPP radio reception or transmission.
Proposal 1 : No interruptions or measurement gaps are allowed for GNSS measurements during NTN operation.
Proposal 2: RAN4 shall consider requirements for A-GNSS in 38.171 as a starting point when defining requirements for further RRM procedures based on UE position. RAN4 needs to verify if existing A-GNSS requirements are sufficient, considering the impact that positioning will have on the further RRM requirements which assume knowledge of UE position
Proposal 3: RAN4 further discusses measurements in NTN operation for both idle and connected mode once further progress is made in RAN1 and RAN2. 
Proposal 4 : RAN4 to discuss about measurements supporting TN / NTN mobility, once the Intra NTN mobility has sufficiently progressed. Intra NTN mobility refers to idle and connected mode mobility between NTN cells (e.g. intra or inter satellite).
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