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[bookmark: _Toc116995841][bookmark: _Toc117684837][bookmark: _Toc117775788][bookmark: _Toc117775825]Introduction
The WI description for RAN4 work related to NR over NTN was presented in [1]. For the past meetings, RAN4 has made progress in developing core requirements for NTN new features, as well as creating the performance testing configuration and specification to test such requirements. In this contribution we aim at providing clarifications and addressing possible inconsistencies in the UE requirements. In the last meeting, RAN4 has agreed to discuss the issue of the interruption time caused by the interval needed for the UE to start the uplink validity timer, T430 [2]:  
	Issue 7: Configuration of HO aspects for HO TC
Agreement
· Further discuss and conclude on the following in RAN4#105:
· RAN4 to decide the best way to deal with the additional delay introduced in the CHO procedure for NTN caused by the cases where the UE has to wait for the epoch time to be reached or re-acquire a new ephemeris information.
· If the UE needs to re-acquire ephemeris information, the handover delay requirements and the time interruption requirements must be extended to account for that.

Issue 8: Configuration of CHO aspects for CHO TC
Agreement
· Further discuss and conclude on the following in RAN4#105:
· RAN4 to decide the best way to deal with the additional delay introduced in the CHO procedure for NTN caused by the cases where the UE has to wait for the epoch time to be reached or re-acquire a new ephemeris information.
· If the UE needs to re-acquire ephemeris information, the handover delay requirements and the time interruption requirements must be extended to account for that.




[bookmark: _Toc116995842][bookmark: _Toc117684838][bookmark: _Toc117775789][bookmark: _Toc117775826]Discussion
Cell Reselection Requirements 
RAN4 has previously captured in specification that 
	TS 38.133 [3]:

4.2C.2.4	Measurements of inter-frequency NR cells

The UE shall be able to evaluate whether a newly detectable inter-frequency cell meets the reselection criteria defined in TS38.304 [1] within Kmulti_SMTC * Kcarrier * Tdetect,NR_Inter if the UE does not support [capability for enhanced requriements] or if the [NW configuration for enhanced requirements] is not enabled, or within Kmulti_SMTC * Kcarrier * Tdetect,NR_Inter_enh if the UE supports [capability for enhanced requirements] and the [NW configuration for enhanced requirements] is enabled, if at least carrier frequency information is provided for inter-frequency neighbour cells by the serving cells when Treselection = 0 provided that the reselection criteria is met by a margin of at least [TBD]dB in FR1 for reselections based on ranking or [TBD]dB in FR1 for SS-RSRP reselections based on absolute priorities or [TBD]dB in FR1 for SS-RSRQ reselections based on absolute priorities. The parameter Kcarrier is the number of NR inter-frequency carriers indicated by the serving cell. 

4.2.2.4	Measurements of inter-frequency NR cells
The UE shall be able to evaluate whether a newly detectable inter-frequency cell meets the reselection criteria defined in TS38.304 [1] within Kcarrier * Tdetect,NR_Inter + Kcarrier_HST * Tdetect,NR_Inter_HST if at least carrier frequency information is provided for inter-frequency neighbour cells by the serving cells when Treselection = 0 provided that the reselection criteria is met by a margin of at least 5 dB in FR1 or 6.5dB in FR2 for reselections based on ranking or 6dB in FR1 or 7.5dB in FR2 for SS-RSRP reselections based on absolute priorities or 4dB in FR1 and 4dB in FR2 for SS-RSRQ reselections based on absolute priorities.





However, the parts highlighted in yellow does not seem to reflect exactly the essence of the parameter Kmulti_SMTC or the configuration for enhanced requirements, as it is evidenced by the contrast with the green part, where the legacy NR requirements established for terrestrial networks captures the essence of measurement on cells configured with and without the HST feature when both are combined. 

First the discussion over Kmulti_SMTC, the parameter is described as follosw:
	The parameter Kmulti_SMTC is the scaling factor for measurement of multiple SMTCs or multiple satellites
-	If SMTCs do not overlap with each other,
-	, if GEO satellites are measured on the carrier;
-	, if LEO satellites are measured on the carrier;
-	If SMTCs partially overlap with each other,
-	, if only GEO satellites are measured on the carrier;
-	, if only LEO satellites are measured on the carrier;
where
 is the number of LEO satellites to be measured within i-th SMTC, 
 is the number of LEO satellites that UE can measure in parallel within an SMTC,
 is the number of SMTCs that partially overlap with each other




This parameter was introduced for support UEs measuring multiple satellites within the same SMTC, as the UE might need to account for adjustments of its frequency oscillator to correctly receive the signal. It means that at every measurement interval, the UE is only required to measure  satellites.
The explanation of why we don’t think the scaling factor is reflected correctly is described in sections 2.1.1, 2.1.2 and 2.1.3.

Multi-carrier scenario with one satellite. 
This scenario is analogous to the terrestrial scenarios. In this case, when performing inter-frequency measurements, the UE is only required to measure cells pertaining to one carrier at a measurement interval,  Tmeasure,NR_Inter. 
Therefore, for each detected cell in non-priority layers, the UE can only repeat measurements, after Kcarrier * Tmeasure,NR_Inter, 
In a multi carrier scenario, at every measurement interval, Tmeasure, the UE is only required to measure cells in one of the carriers, and can only be required to repeat measurements in detected cells after Kcarrier * Tmeasure,NR_Inter
[bookmark: _Toc127542488]In a single satellite, multi carrier scenario, at every measurement interval, Tmeasure, the UE is only required to measure cells in one of the carriers, and can only be required to repeat measurements in detected cells after Kcarrier * Tmeasure,NR_Inter
As a consequence, the number of measurements collected per cell over a period of time is reduced by Kcarrier, and the requirements for time-to-detect and time-to-evalaute shall also be multiplied by Kcarrier to reflect that. 
This is rightfully reflected in legacy specifications and also seems to be the initial intent by RAN4 in NR over NTN. 

Single-carrier scenario, multi-satellite scenario

Assuming, a single-carrier scenario and multi-satellite scenario: 
[bookmark: _Toc127542489]In a single carrier scenario, at every measurement interval, Tmeasure, the UE is only required to measure cells at 
Therefore, if multiple satellites are configured, the interval in each the UE is capable of acquiring measurements in this SMTC is given by , as it of the measurement interval must be dedicated to a subgroup of . The total time between a full cycle of measurements, where UE has measured neighbor cells from all satellites configured is: Kmulti_SMTC *Tmeasure,NR_Inter
[bookmark: _Toc127542490]In a single carrier scenario, the UE shall collect consecutive measurements from a given cell at least within an interval of Kmulti_SMTC *Tmeasure,NR_Inter.

Multi-carrier with multi-satellite scenario. 
However, when expanding for a multi-carrier, multi-satellite scenario, it is not a straightforward multiplication between Kmulti_SMTC and Kcarrier that will maintain the reasoning behind these parameters. 
In a multi-carrier scenario, each UE is capable to perform at every measurement interval, Tmeasure, measurements in only one of the carriers. And in this carrier the UE is only capable to perform measurements in only  satellites. So, the total number of measurements to be performed by the UE to go through all detected cells in all configured satellites and in all configured layers depends on the number of SMTCs configured per carrier. 
[bookmark: _Toc127542491]The total number of measurements to be performed by the UE to go through all detected cells in all configured satellites and in all configured layers depends on the number of SMTCs configured per carrier.
This difference across carriers is already identified in specification by RAN4, as the index “i" for the i-th SMTC appears on the formulation: ,
[bookmark: _Toc127542492]As RAN4 indicates by the index i in the formula for calculating  the number of satellites measured per frequency layer may vary from layer to layer. 

Hence, based on the discussion above, if the number of satellites configured per frequency layer varies, the minimum interval required for the UE to perform measurements across all cells is given by: 

[bookmark: _Toc127542493]In section 4.2C.2.4, to fix the requirements according to the essence of the previous specifications, and to maintain the right calculation of the factor Kmulti_SMTC per frequency layer, replace the scaling factor  by   

Enhanced Measurements Feature
Likewise, the capability for enhanced requirements also needs to be modified in the requirements. The enhaced features depends on NW configuration, so it is reasonable to expect that some layers might be configured with it while other layers not necessarily are configured with it enabled, when RAN2 finalizes their specification. So, in order to maintain the harmony with previous specifications we propose:
[bookmark: _Toc127542494]In section 4.2C.2.4, if the feature for enhanced requirements can be set per frequency layer,  fix the requirements to account for that, and adopt the following scaling factor: 
, where Kcarrier represents the number of carriers where the feature is disabled and  represents the number of carriers where the feature is enabled. 

Requirements for traditional Handover

The HO requirements for a UE connected to a NTN cell is described in TS 38.133, in Section 6.1C [3]. For this particular issue, the most relevant requirements to be considered are handover delay and handover interruption time. 
· Handover Delay: When the SAC UE receives a RRC message implying handover to NR SAN cell, the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover msec from the end of the last TTI containing the RRC command.
· Interruption Time: If the valid parameters of ephemeris information, epoch time of the ephemeris, common TA, validity timer information, DL and UL Polarization information, , and  for target NR SAN cell are send to UE, the interruption time shall be less than 


[bookmark: _Toc127525763][bookmark: _Toc127542495]A received valid parameter associated with a validity timer may expire after some time. 

Moreover, RAN2 has agreed that if T430 expires (ntn-UlSyncValidityDuration is expired) UE must be declared out-of-synch and prevent UL transmissions until it has regained synchronization: which might happen – per implementation – before epochTime but at latest at epoch time: 
	TS 38.331 [4]:
[bookmark: _Toc124712577]5.2.2.6	T430 expiry
The UE shall:
1>	if T430 for serving cell expires and if in RRC_CONNECTED:
2>	inform lower layers that UL synchronisation is lost;
2>	acquire SIB19 as defined in clause 5.2.2.3.2;
2>	upon successful acquisition of SIB19:
3>	inform lower layers when UL synchronisation is obtained;
NOTE:	The exact time when UL synchronisation is obtained (after SIB19 is acquired) is left to UE implementation, which can be from the subframe indicated by epochTime and optionally before the subframe indicated by epochTime.
6.3.2 Radio Resource Control Elements
-NTN-Config information element

ntn-UlSyncValidityDuration
A validity duration configured by the network for assistance information (i.e. Serving and/or neighbour satellite ephemeris and Common TA parameters) which indicates the maximum time duration (from epochTime) during which the UE can apply assistance information without having acquired new assistance information.

TS 38.321 [5]
5.2.2.6	T430 expiry
The UE shall:
1>	if T430 for serving cell expires and if in RRC_CONNECTED:
2>	inform lower layers that UL synchronisation is lost;
2>	acquire SIB19 as defined in clause 5.2.2.3.2;
2>	upon successful acquisition of SIB19:
3>	inform lower layers when UL synchronisation is obtained;
NOTE:	The exact time when UL synchronisation is obtained (after SIB19 is acquired) is left to UE implementation, which can be from the subframe indicated by epochTime and optionally before the subframe indicated by epochTime.







A natural consequence of this signalling design is that when the UE is synchronizing to the target cell following a handover command, the UE must first start timer T430 (for the target cell) at epoch time. However, there is an additional problem considering the conditional handover scenario. The network is not capable to anticipate the exact point in time where the conditional handover conditions will be triggered. Therefore, the CHO might, in certain cases, be executed at a point in time after the epochTime conveyed in the CHO configuration, and the time T430 might have already been passed. The UE is not required to update the ephemeris information for the target cell outside the information received in the CHO, so this UE might be out-of-sync for the target cell when the CHO is executed. 

[bookmark: _Toc127525764][bookmark: _Toc127542496][bookmark: _Toc118133666][bookmark: _Toc118727731]For conditional HO, if the time defined by the epoch time plus ntn-UlSyncValidityDuration is expired when the handover condition is met, the handover delay requirement must be extended to include the time required for the UE to acquire and apply new ephemeris information for the target cell. 

[bookmark: _Toc116995848][bookmark: _Toc117684840][bookmark: _Toc117775791][bookmark: _Toc117775828]Conclusion
In this paper we discussed aspects related to the CHO requirements for NTN, in special in the light of the validity of satellite assistance information. 

Observation 1: In a single satellite, multi carrier scenario, at every measurement interval, Tmeasure, the UE is only required to measure cells in one of the carriers, and can only be required to repeat measurements in detected cells after Kcarrier * Tmeasure,NR_Inter
Observation 2: In a single carrier scenario, at every measurement interval, Tmeasure, the UE is only required to measure cells at 
Observation 3: In a single carrier scenario, the UE shall collect consecutive measurements from a given cell at least within an interval of Kmulti_SMTC *Tmeasure,NR_Inter.
Observation 4: The total number of measurements to be performed by the UE to go through all detected cells in all configured satellites and in all configured layers depends on the number of SMTCs configured per carrier.
Observation 5: As RAN4 indicates by the index i in the formula for calculating  the number of satellites measured per frequency layer may vary from layer to layer.
Proposal 1: In section 4.2C.2.4, to fix the requirements according to the essence of the previous specifications, and to maintain the right calculation of the factor Kmulti_SMTC per frequency layer, replace the scaling factor  by   

Proposal 2: In section 4.2C.2.4, if the feature for enhanced requirements can be set per frequency layer,  fix the requirements to account for that, and adopt the following scaling factor: 
, where Kcarrier represents the number of carriers where the feature is disabled and  represents the number of carriers where the feature is enabled. . 
Observation 6: A received valid parameter associated with a validity timer may expire after some time.
Proposal 3: For conditional HO, if the time defined by the epoch time plus ntn-UlSyncValidityDuration is expired when the handover condition is met, the handover delay requirement must be extended to include the time required for the UE to acquire and apply new ephemeris information for the target cell.
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