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Introduction
In the last RAN4 meeting, discussions regarding general and mobility requirements for NR NTN UE were seen. Most of the discussions were covered in the approved WF and the key agreements reached are copied in the below box.
	General
· Issue 1-2: Side condition for RRM measurement requirements
The side condition for RRM measurement requirements should be based on satellite type, such as at Es/Iot ≥ [FFS] dB for LEO, and FFS the side condition for GEO. RAN4 should further discuss the final value of side condition after study assumptions are ready based on conclusions in RAN1 and RAN2. Other side conditions are not precluded.
Mobility
· Issue 2-1-2: Number of measurement cells
RAN4 to discuss/determine measurement capacity needed for intra-satellite and inter-satellite first and then the number of measurement cells for intra-satellite and inter-satellite. FFS on the specific number of cells.
· Issue 2-2: Conditional Handover
All CHO-related issues are depending on ongoing RAN2 discussion. Defer discussion in RAN4 until RAN2 has concluded on the issue.
· Issue 3-1-1: Discussion of SMTC and measurement gap in RAN4
Proposed to be merged with issues 3-1-2 and 3-3-1 (Multiple configurations on one frequency layer)
As the measurement gap issue is under discussion in RAN2, RAN4 can wait for the input from RAN2. In NTN as multiple SMTC configurations are configured on one frequency layer, and at least the offset can be different, the UE measurement behaviours need to be further discussed. FFS if the existing measurement requirements can be reused or not.
In order to prevent RAN4 time scheduling issues if the discussion is delayed in RAN2, multiple MG with multiple SMTC can be FFS in RAN4.
GNSS
· Issue 4-1-1: Baseline for defining NTN RRM requirements
Take GNSS requirements in 38.171 as the baseline for defining NTN RRM requirements. FFS on specific values, and feeder link uncertainty currently under discussion by RAN1. 
· Issue 4-1-2: Impact of first time to fix/time to subsequent fix on RRM requirements
RAN4 to further discuss the need to define assumptions on delay or frequency of GNSS fix for defining RRM requirements.
· Issue 4-1-3: Update rate of ephemeris
RAN4 can focus on the NTN UE transmit timing error requirements firstly and then to decide whether or how to define the update rate of ephemeris assumption based on RAN1 inputs
· Issue 4-2-1: Typical GNSS accuracy assumptions
As this issue is closely related to Te and in order to avoid redundant discussion, this issue should be discussed in the RRM timing thread (#230 for RAN4#99-e).
· Issue 4-2-2: GNSS accuracy assumptions for different RRM requirements
FFS. Finalize which RRM requirements will be affected by GNSS accuracy first.
· Issue 4-2-3: GNSS accuracy as UE capability
Most companies prefer not to define a UE capability for GNSS accuracy.
· Issue 4-3-1: Reference GNSS scenario
Several companies suggest that this issue should be discussed in the timing-related RRM requirements thread (#230 for RAN4-99-e) as it is closely related to Te requirements
Defer discussion to timing-related requirements thread 
· Issue 4-3-2: Applicability of GNSS requirements in RRC-IDLE/INACTIVE mode
Whether the requirements can be applied to terminals in RRC-IDLE and RRC-INACTIVE mode should be further studied.
Proponents should elaborate on the association of GNSS with the cellular modem status.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper we provide analysis on mobility, GNSS and general aspects for NR NTN RRM related discussions. First for mobility aspects, we propose to confirm some of the principles for CHO delay requirements following RAN2 design and conclusion. Next for GNSS discussions, we list the baseline requirements of GNSS performance and propose to define different RRM requirements based on different GNSS assumptions. Last but not the least, we propose not to alter the side conditions or the DRX assumptions when defining RRM requirements in general.
Discussion
Mobility aspects 
Conditional handover
RAN2 has decided to introduce both timer-based and location-based procedures for the network to configure conditional handover to UE so that the UE is able to make use of provided assistance information for more accurate handover triggering. For timer based method, RAN2 consensus is that the network configures certain timer value to the UE for conditional handover procedure and the UE uses the value together with the measured RSRP/RSRQ results to determine whether it should proceed with handover to a neighbour cell accordingly. 
The timer is used to count the time after the UE is configured with the handover command and after a certain period of the time if the instance A3/A4 triggers the conditional handover, the UE automatically executes handover to the target cell. In terms of RAN4 requirements to this method, tests should be defined to verify whether the UE is able to complete the handover with certain conditions met within a projected time delay length specified by the RAN4 spec. One of the issues is how to specify the delay uncertainty brought by the fact that the exact time duration from HO command to the UE exact time instance of starting the handover procedure by sending the correct PRACH to target cell is uncertain. 
In order to make sure that this uncertainty is correctly specified, we propose that total delay should consist of the configured timer value, and the timing difference between serving and target cell. An example of the total delay requirements for the timer-based CHO is shown as below.
DCHO = TRRC + Ttimer + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution+ Tdiff
Where:
Ttimer is the configured timer value in ms.
Tdiff is the absolute timing difference in ms, between serving and target cells.
Proposal 1: For timer-based CHO, the delay uncertainty between HO command and PRACH occasion consists of the timer value and the time offset between serving and neighbour cell SSBs.
On the contrary, in location-based CHO, the network provides the location info for the target cell centres to the UE so that the UE is able to calculate the distances between itself and the target cells. Instead of waiting for a certain period of time according to the timer as in the timer based method, the UE is required to consider the distance in real time as one of the conditions in determining whether to hand itself over to the target cell. Under such circumstances, the UE’s ability in accurately evaluate its location based on GNSS is crucial. Similarly, one key issue to specify the UE HO requirements is how to correctly specify the delay uncertainty between the HO command and the instance where the UE actually executes the HO procedure. Without the timer, there is no guarantee that a certain delay requirement will be met by the UE for location-based method.
Thus we propose:
Proposal 2: No HO delay requirement is specified for a UE when it is only configured with location based conditional handover in NTN.
In addition, all the proposals subject to RAN2 further agreements so that if RAN2 further agrees on something that has evitable impact on RAN4 decision in specifying CHO delay requirements, RAN4 revisits the requirements or conclusions accordingly.
Multiple SMTC and measurement gaps
RAN2 agreed on introducing multiple SMTC and measurement gaps for a certain carrier frequency to counter the timing differences problem due to large propagation delays between serving and neighbour cells. In the previous analysis we can observe that the timing differences mentioned can be up to tens of ms in various scenarios. Thus, different from what we have introduced in terms of multiple SMTC configurations in the previous releases, it is agreed to introduce multiple SMTC with different timing offsets in R17 NTN. In order to make use of the configured multiple SMTC, the UE is required to measure on the same frequency but in different occasions within the same periodicity but with different timing offsets. This means that the UE has to measure the neighbour cell SSB as well as to receive/transmit on the serving cell at the same time. Else, there has to be scheduling restrictions specification to avoid such complexity for the UE – or measurement gaps are used to guarantee the measurement on neighbour cell even when the target neighbour cell is an intra-frequency cell.
Proposal 3: determine in which way RAN4 should specify the requirements:
Option 1: the UE is required to measure on the target neighbour cell with configured timing offsets and receive/transmit on the serving cell at the same time
Option 2: specify scheduling restrictions to avoid such complexity
Option 3: measurement gaps are used on the target neighbour cells
NTN UE measurement capability
Previous discussions also covered the aspect of UE measurement capability in terms of the maximum monitored cell for an NTN UE. In our view, it is natural that an NR NTN UE is able to cope with as many neighbour cells as an ordinary NR UE. Thus we propose to reuse the existing requirements specified in R15.
Proposal 4: Reuse the measurement capability requirements in terms of the maximum number of monitored cells, specified in R15, for NTN NR UEs.
One possibility is that, for the cases where multiple measurement gaps are used, the baseline requirements are specified in R17 measurement gap enhancement work item. Thus to add to proposal 4, we propose that for measurement capability requirements in terms of measurement gaps, requirements should follow what are defined in the measurement gap enhancement work item.
Proposal 5: Specify if needed, NR NTN UE measurement gap capability requirements based on the outcome of R17 measurement gap enhancement work item.
GNSS aspects
Assumptions and side conditions
RAN4 discussed in the previous meetings the assumptions of a certain GNSS accuracy as the prerequisite for defining RRM requirements for an NTN UE. One of the agreements we had in RAN4 is that we should take the GNSS requirements in 38.171 as the baseline for considering the assumptions. The GNSS requirements defined in 38.171 is copied as below. Note that for position error two sets of requirements are specified for some items regarding different UE categories. For UE that supports only GPS L1 C/A, the requirements are less demanding.
	Item/Scenario
	Success rate
	2-D position error
	Max response time
	Description of use case

	Sensitivity
	95 %
	100 m
	20 s
	A sensitivity requirement is essential for verifying the performance of A-GNSS receiver in weak satellite signal conditions.

	Nominal
	95 %
	30 m */15 m
	20 s
	Nominal accuracy requirement verifies the accuracy of A-GNSS position estimate in ideal conditions.

	Dynamic range
	95 %
	100 m
	20 s
	The aim of a dynamic range requirement is to ensure that a GNSS receiver performs well when visible satellites have rather different signal levels.

	Multi-path
	95 %
	100 m
	20 s
	The purpose of the test case is to verify the receiver's tolerance to multipath while keeping the test setup simple.

	Moving and update
	95 %
	100 m */ 50m
	2 s (periodic reporting interval)
	The purpose of the test case is to verify the receiver's capability to produce GNSS measurements or location fixes on a regular basis, and to follow when it is located in a vehicle that slows down, turns or accelerates.

	* requirements are less demanding for UE only supporting GPS L1 C/A.


By looking at the baseline requirements, we observe that different sets of requirements apply to different scenarios. Naturally, RAN4 should define different RRM requirements based on different items. 
Regarding general mobility requirements for an NTN UE, the baseline requirements for Moving, Dynamic and Sensitivity should be considered. For timing requirements, Nominal should be considered for initial UL transmit timing while Update should be considered for timing adjustments.
Proposal 6: Assume 50m maximum GNSS position error when RAN4 defines mobility RRM requirements; and assume 15m maximum GNSS position error when RAN4 defines initial transmit timing requirements.
Proposal 7: Assume 2s periodic reporting interval of GNSS fix when RAN4 defines UE timing adjustment related requirements.
General aspects
Side conditions for measurements
There is no reason to alter the side conditions assumptions for NTN UE measurements compared to what we have been always assumed in previous releases. Thus, we propose to reuse the side conditions specified for NR UE in R15. To note that no matter what difference is observed in terms of link and propagation of the system, the assumption we hold to consider whether the UE is with fair performance is objective.
Proposal 8: Reuse the side conditions specified in R15 for NR NTN UE measurement requirements. 
DRX cycles
RAN2 agreed not to enhance the DRX cycle length configurations for NTN system. In terms of measurement requirements for an NTN UE, there is no impact to RAN4 spec.
Proposal 9: No change is expected in assumptions of DRX cycle lengths when defining RRM requirements
Conclusions
In this paper we provide analysis on mobility, GNSS and general aspects for NR NTN RRM related discussions. First for mobility aspects, we propose to confirm some of the principles for CHO delay requirements following RAN2 design and conclusion. Next for GNSS discussions, we list the baseline requirements of GNSS performance and propose to define different RRM requirements based on different GNSS assumptions. Last but not the least, we propose not to alter the side conditions or the DRX assumptions when defining RRM requirements in general.
Proposal 1: For timer-based CHO, the delay uncertainty between HO command and PRACH occasion consists of the timer value and the time offset between serving and neighbour cell SSBs.
Proposal 2: No HO delay requirement is specified for a UE when it is only configured with location based conditional handover in NTN.
Proposal 3: determine in which way RAN4 should specify the requirements:
Option 1: the UE is required to measure on the target neighbour cell with configured timing offsets and receive/transmit on the serving cell at the same time
Option 2: specify scheduling restrictions to avoid such complexity
Option 3: measurement gaps are used on the target neighbour cells
Proposal 4: Reuse the measurement capability requirements in terms of the maximum number of monitored cells, specified in R15, for NTN NR UEs.
Proposal 5: Specify if needed, NR NTN UE measurement gap capability requirements based on the outcome of R17 measurement gap enhancement work item.
Proposal 6: Assume 50m maximum GNSS position error when RAN4 defines mobility RRM requirements; and assume 15m maximum GNSS position error when RAN4 defines initial transmit timing requirements.
Proposal 7: Assume 2s periodic reporting interval of GNSS fix when RAN4 defines UE timing adjustment related requirements.
Proposal 8: Reuse the side conditions specified in R15 for NR NTN UE measurement requirements. 
Proposal 9: No change is expected in assumptions of DRX cycle lengths when defining RRM requirements
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