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1. Introduction 
NTN WI is approved in [1]. The following measurement framework related agreements had been made during last meeting:
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.
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

This contribution is to further study potential issues of measurement framework in NTN.
.
2. Discussion 
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Figure 1: example of 3 satellite cells and two UEs in different locations
Due to different propagation delay from different satellites to different UEs, the SMTC duration may have different timing at different UEs. Figure 1 (left) illustrates an example of 3 different satellite cells and 2 UEs. For simplicity, assume all 3 cells SMTC has the send at the same time with the same periodicity. The table below shows the timing of the SMTC window starts for both UEs for all cells. T1 is the time where SMTC was transmitted at the network side. Pij is the propagation delay between UE i and cell j. 
	NTN scenarios
	A
	B
	C1
	D1

	 
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Maximum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	541.46 ms (Worst case)
	270.73 ms
	25.77 ms
	12.89 ms

	Minimum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	477.48 ms
	238.74 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE
(note 2)
	Negligible
	 
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec





	
	Cell 1
	Cell 2
	Cell 3

	UE 1
	T1 +P11
	T1+P12
	T1+P13

	UE 2
	T1+P21
	T1+P22
	T1+P23



As shown in Figure 1 (right), UE 1 measures cell 1 SMTC at T1+P11 while UE 2 measures cell 1 SMTC at T1+P21. If the UE needs to perform measurement, the measurement gap will need to cover the serving cell and neighbor cell SMTC window considering of the propagation delays between different cells. Otherwise, the UE will miss the measurement. Minimum propagation delay according to the able above is 4ms and maximum is 541.46ms. This range tells us that normal measurement gap window cannot covers the large range of propagation delay.  

We have the following options:
· Option 1: Rely on network implementation. In this case, the network will ensure the SMTC duration may be long enough to cover measurement window taking into account of different propagation delays from the configured satellites to the UE. The 
· Option 2: Network can configure multiple measurement gaps to the UE. Measurement gaps can be configured for GEO and LEO or it can configure to accommodate different elevations. 
· Option 3: longer measurement window to accommodate multiple propagation delay from the configured satellite to be measured to the UE.
· Option 4: Up to UE implementation. The UE can either skip measurement or skip received data if measurement is outside of measurement gap window. 
Option 1 rely on the network to ensure all UE measurement gaps covers all SMTC from the configured cells. This required the network know the UE propagation delay of all configured cells for measurement. In this case, the UE either report the location information or propagation delay of each configured cells to the network. Alternatively, we can reuse the existing SFTD for the UE to report timing difference between cells. 
Option 2: Allow configuration of multiple measurement gaps to the UE to cover different SMTC duration. In this case, the network still needs to know the propagation delay of all configured cells. This can achieve by UE reporting location information or propagation delay. RAN4 lead new work item “NR measurement gap enhancements” can cover the multiple measurement gap scenario. Therefore, we can postpone this option discussion for now.
Option 3: This is similar to option 2 without multiple measurement gap support. The network configures a longer measurement gap window to cover all SMTC duration of all configured cells. The network will also require to know all UE propagation delay of all configured cells for measurement.
Option 4: This option allows UE to skip measurement or receive data if SMTC duration is outside of the measurement window. However, according to agreement, RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN. Therefore, option 4 may not be feasible based on the agreement.
Observation 1: Without UE propagation delay to each satellite cell, network may not be able to provide SMTC offset configuration.
Observation 2: Support of multiple measurement gap may improve measurement efficiency but can be postpone until RAN4 WI starts.
Observation 3: Base on currently agreement, up to UE implementation to measurement SMTC outside of the SMTC window is not a feasible option.
Base on the above observation, this left with the network configure correct SMTC window with measurement gap that is overlapping with SMTC measurement. In this case, the UE should report propagation delay information to the network after the network configures measurement configuration. 
Proposal 1: RAN2 to discuss how the UE reports propagation delay information to the network to assist with network SMTC window configuration and measurement gap configuration. The options are:
· Option 1: rely on existing SFTD mechanism.
· Option 2: UE reports location information and network calculate propagation delay from neighboring cells.
· Option 3: UE reports propagation delay from neighboring cells.
In NTN, the chances of measuring neighboring cells may be small due to propagation delay. The UE may miss measurement due to SMTC duration does not align with measurement gap. In addition, due to both UE and satellite mobility, the propagation delay to different cells changes over time. Meaning the measurement gap window configuration will need to change over time. This makes it even harder for the UE to measure during SMTC window of the neighboring cells. Therefore, the requirement of the UE measurement should be relaxed in compare to TN. We should inform RAN4 to relax the UE measurement in NTN.
Proposal 2: RAN2 to discuss if relax measurement requirement is needed and send LS to ask RAN4 to relax the UE measurement in NTN if needed.
3. Conclusion
Observation 1: Without UE propagation delay to each satellite cell, network may not be able to provide SMTC offset configuration.
Observation 2: Support of multiple measurement gap may improve measurement efficiency but can be postpone until RAN4 WI starts.
Observation 3: Base on currently agreement, up to UE implementation to measurement SMTC outside of the SMTC window is not a feasible option.
Proposal 1: RAN2 to discuss how the UE reports propagation delay information to the network to assist with network SMTC window configuration and measurement gap configuration. The options are:
· Option 1: rely on existing SFTD mechanism.
· Option 2: UE reports location information and network calculate propagation delay from neighboring cells.
· Option 3: UE reports propagation delay from neighboring cells. 
Proposal 2: RAN2 to discuss if relax measurement requirement is needed and send LS to ask RAN4 to relax the UE measurement in NTN if needed.
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