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1	Introduction
At RAN2#116bis (January 2022) Connected mode aspects were not addressed at all [1]. This paper aims at providing further answers to the listed open points for CONNECTED mode, also considering what has been listed in [2]. 
2	Conditional Handover
In this section we outline few important CHO-related aspects, which we think are worth to be supported for NTN. 
2.1	Using time to distribute UEs in CHO
Due to the constant movement of the cells (in EMC) or when FL switch happens, multiple UEs need to be handed over during a short time interval, in between the time when the new cell becomes available, and the current cell disappears (which can be roughly represented by the time window [t1, t2]). Considering a limited amount of random access resources, to mitigate the collisions in RA attempts, it would be desirable to spread in time this group access to the target cell. One of the factors that can be taken into the account is UE’s movement direction relative to the satellite.  The satellites in LEO system move with a very high speed of up to 7.5 km/s. In this case, the maximum UE’s movement of 1000 km/h leads to a difference in the coverage time per cell of up to 300 ms if the UE moves against or with the satellite direction. One may say this is a very small time period and shall not be even considered. However, if this value is compared with the duration of HO which typically is equal to tens of ms, it is evident UE distribution is still possible to certain extent. This grouping can be done as basically shown in Fig. 1
[image: ]
Fig. 1. Time distribution of HOs for UEs moving with and against the satellite
UEs that have been identified to be moving with the satellite can be handed over in the first order, within the time window [t1, t2]. UEs moving against the satellite direction are instructed to change the cell last, withing the time window [t3, t4].
Observation 1: UEs distribution in time during CHO can be related to the motion direction with respect to the satellite’s movement. 
The question that remains is how to ensure this distribution. This may be further considered in RAN2, if the problem described above is found to be valid. One of the options is to perform such assessments at the NW side. However, that would require continuous monitoring of each UE’s movement vector and velocity. Alternatively, the UE may be given CHO execution conditions related to movement directions and the selection can be done by the UE semi-autonomously. 
Proposal 1: RAN2 is asked to consider how to distribute in time CHO commands taking into the account the UE’s movement direction with respect to the satellite’s movement. 
2.2	Using a dynamic hysteresis to move users from source to target cell
In NTN the CHO execution is not only linked to the (radio) condition such as measurement event A3, A4 or A5, but also to location condition (distance to target cell reference location (e.g. cell center) lower than threshold) or time condition (measurement event A3, A4, A5 fulfilled within the time window [t1, t2]). These new conditions have been introduced as the received power level alone was not sufficient in NTN to decide whether mobility shall be triggered.
However, when applying CHO to users in the different (Earth-fixed) cells where radio conditions are used together with a time window, as explained above, some issues can appear. This is illustrated by Figure 2 which shows numbers obtained from system level simulations. Let’s focus on cell 23, which is the area served by satellite 1. At some point this area is covered by satellite 2 and cell 48. A time window exists, where both cells are active and during this time the UEs can handover from cell 23 to cell 48. 
Now the green and red arrows from cell 23 show the problem. The UE, which is not moving, does not go directly to cell 48, but first through another neighbouring cell. Let’s analyse the red arrows first: The UE makes a handover from cell 23 to cell 49 of the other satellite just before cell 48 is switched on because the radio conditions (in this case the A4 event) were fulfilled and then when cell 48 is switched on the UE moves to cell 48 (which is the cell that has the direct overlap with the previous cell 23). In case of the green arrow the same happens, but the UE first goes to another cell of the second satellite.
If the time between those handovers (23à 49 and 49 à48) is very short and the radio conditions in the second cell (49) are not significantly better (than 23) those handovers should not be made as every handover comes with a risk of failure and causes overhead. The sets of arrows with other colors show the same problem for other UEs. In general these handovers happen as the radio conditions of cells of different satellites can be different (different shadow fading, NLOS/LOS conditions, measurement errors), whereas the radio conditions from cells originating from the same satellite are very similar and correlated, as the transmission and reception points are the same.
Observation 2: With Earth Fixed cells unnecessary handovers may happen due to LOS/NLOS, shadowing and measurement errors between cells of different satellites when running with CHO with radio and time conditions.
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Fig. 2: Example of the problem where a UE handovers from 23 to 49 and then to 48 instead of moving directly from 23 to 48. Similar issues for other cells are also included.

One way of solving this that instead of one time window and a matching threshold/hysteresis, the CHO can contain a set of time windows with matching thresholds and hysteresis in a single message as optional fields. This will lead to the behaviour as shown in Figure 3, where the UE will use the green hysteresis towards a certain target cells from different satellites than the satellite of the current serving cell, so the hysteresis changes between t1-t2, t2-t3, t3 and t4, etc. Towards targets cells from the satellite of the current serving cell the normal hysteresis can be used.
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Fig. 3: Illustration of the proposed solution (green) vs conventional setup (red)
If we would apply this solution to the example explained above, the following would happen. Let’s assume that just before (h1 or lower) time t4, cell 48 is turned on then:
· Between time t1 and t2 the UE would use a hysteresis at the level h2 reflected in the Figure 4 to the cells of another satellite (like cell 49) than to cells from the satellite of the current serving cell.
· Between time t2 and t3 the hysteresis would further be increased to h3 for cells of another satellite, making it less likely to handover to those cells, which is the intended behaviour as cell 48 will soon appear (at t4). Still it should be possible to make the handover if for instance the connection between the UE and the satellite of the current serving cell changes to non-line of sight (NLOS), while the connection to the satellite of the target cell(s) stays in Line of Sight (LOS).
· Between t3 and t4 the hysteresis is further increased to h4, following the same philosophy.
· Just before t4 cell 48 (on a satellite different than the satellite of the current serving cell) is turned on and for this cell another CHO is configured with a low or normal hysteresis (h1 or lower). Actually in this case it would make sense to generate a CHO configuration with time windows where the hysteresis is decreased as the cell the UE is being served by will disappear in short time, so that way the UE can be forced away from this cell.

The solution can be implemented in specification simply by including it in the CHO RRC message as something like:
condEventT1-r17                         SEQUENCE {
t1-Threshold-r17                          	INTEGER    
duration1-r17                               	INTEGER
ht1                                            		Hysteresis
duration2-r17                               	INTEGER OPTIONAL
h2                                            	    Hysteresis OPTIONAL
duration3-r17                                INTEGER OPTIONAL
h3                                            	   Hysteresis OPTIONAL
}
Proposal 2 RAN2 to discuss and decide to include dynamic hysteresis for CHO in EFC.      

2.3	Cell Shut Down for EFL considerations
When a cell is to be shut down in EFL, the users need to be moved from the source cell to the target cell. One way of doing so besides the dynamic hysteresis mentioned in the previous section is to steer it from the network by changing the transit power of the eNB, so that UE synchronization signal (SSS), which is contained in the SSB. Furthermore, connected UEs may also base their measurements will indicate the target cell has better radio conditions. The UE measures the reference signal received power (RSRP) of cells based on the secondary RSRP measurements on Channel State Information Reference Signals (CSI-RS).
No matter which signal is measured, the power level of either signal is linked to the SS-PBCH-BlockPower parameter, which is provided as part of SIB1 and defined as the “average EPRE of the resources elements that carry secondary synchronization signals in dBm that the NW used for SSB transmission”. This means that the change of the power level transmitted by a cell is subject to providing a system information (SI) change indication to the UEs. Basically, the network has to inform the UE in one modification period that the system information will change in the next modification period. According to TS 38.331, the modification period is [2 4 8 16]*default paging cycle (in radio frames), where the default paging cycle can be set out of [320 640 1280 2560] ms. A typical paging cycle is 1280 ms, which means the cell power level cannot be changed more frequently than every 2*1.280s~2.5 s (the absolute minimum would be 2*320 ms = 640 ms). 
As it is beneficial to keep the time that two cells overlap in EFC as short as possible to reduce the interference it is desirable to enable mechanisms to increase the speed of the power change. Also the SI information change will cause all UEs in the cell, both Idle, Inactive and Connected to read the updated SIB(s) for each step in which the power level of SS-PBCH-BlockPower is reduced, and thus the UE energy consumption will increase, which is undesired. Note that this increase in energy consumption is especially relatively large for IoT devices with low data cycles.
One way of minimizing the cell overlap time and SIB reading of UE is to allow the network to inform UEs that a cell is in shutdown mode and the cell transmit power is being gradually reduced, without requiring SI change indication.
Proposal 3: RAN2 to discuss a mechanism to inform the UEs that the cell is in shutdown mode and the cell transmit power is gradually reduced.
2.4	Location-related events for measurement report or CHO triggering for discontinuous transmission
It was agreed that:
· 1.	The following event is supported: condEvent L4: Distance between UE and the PCell’s reference location becomes larger than absolute threshold1 AND the distance between UE and the Conditional reconfiguration candidate becomes shorter than absolute threshold2.
· FFS other options
As we have previously noted in [6] it is important to consider not only the location, but also the radio conditions (i.e. measurements) to account for potential blockage, leading to non-line of sight conditions. 
Furthermore, as LEO satellites move, a condition which only takes into account the cell’s reference location at a single point in time could lead to suboptimal selection of a target cell, if the UE has more than one candidate cell configured. Fig. 4 provides an illustration of a scenario, where the UE at time t1 may determine that neighbour cell 2 is closer than neighbour cell 1, while at time t2 neighbour cell 1 is closer than neighbour cell 2 due to the satellite movement. If the UE does not consider the earth-moving cells’ behavior it may first send a measurement report/trigger CHO for neighbor cell 2 and within relatively short time then also a measurement report/trigger CHO for neighbor cell 1. 
Observation 3: Using the cells’ reference location as an instantaneous metric can lead to unnecessary measurement reports/CHOs in the earth-moving cell scenario  
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[bookmark: _Ref67473871]Fig. 4 Example of earth-moving cells moving from north to south. The UE (red triangle) is aware of cell center locations for the serving cell and the two neighbour cells.
If the UE instead monitors the cells’ movement, e.g. by calculating how the UE to reference location distance changes within a short period of time, the UE would be able to determine that neighbor cell 2 is not the optimal choice for handover, because it is moving away from the UE. 
Observation 4: Determining the UE to reference location distance change over time enables the UE to select between candidate cells.
As noted in the beginning of this section it is important to consider radio conditions and location-based observations in a combined fashion. One approach could be to convert the distance change value to an offset parameter, which can be applied in the configured measurement event, i.e. it would be an additive value just like the offset and hysteresis parameters. 
Observation 5: The UE to reference location distance change over time value can be applied as an offset parameter in radio measurement event evaluation.
It was concluded that:
· RAN2 specifies support combination of serving and target cell reference location is supported for location report trigger event and for CHO location trigger
First of all this trigger can naturally be combined with radio conditions as also concluded in the last RAN2 meeting. However, in the case of discontinuous transmission (coverage), the distance between the serving and target cell may be very far apart and separated by an area without connectivity. Naturally the radio conditions would fail. However, if the gap in discontinuous coverage is relative short it may be beneficial to keep the connection alive, (e.g. move the UE to inactive) and continue as soon as coverage from the target cell appears. Therefore, we would like to propose the following:
Proposal 4: RAN2 to discuss how long time a UE can keep its connection alive without RLF in scenario with discontinuous satellite coverage, if a next cell is close based on the location of the reference point. 
2.5	Minimizing CHO execution latency and enhancing event A4 entering and leaving criteria
The results of system simulation of NTN scenarios [7] shows that HO failures are lower when the HO margin (CIO) and Time-To-Trigger (TTT) are configured low and the best achievable performance is reached when CIO and TTT are both set to 0, however this results into considerable increase in Radio Link Failures (RLFs). Analysis of the results indicate that the mobility performance is dominated by HOs happening too late when the serving cell radio link is too weak. 
Due to the long propagation delays in NTN, the RTT over satellite radio interface (Uu) could range between 10 to 20ms (based on altitude of the satellite between the UE and the network and the speed of satellite movement i.e. 7.5 km/s relative to Earth). 
Given that it is agreed for NTN to use a combination of CHO trigger events (time- or location-based) and RSRP measurements and/or RRM events for CHO execution, coupled with the requirement, the UE needs to perform HO only during the configured T1 and T2; for the case event A4 is monitored along with configured CHO trigger conditions, it is found beneficial to enhance the A4 entering and leaving condition in a way that the latency between the UE and the network is partially compensated. 
This could be achieved by allowing the network to configure additional parameters (e.g. toffset) in measObjectNR based on its knowledge of expected propagation delay; where ‘toffset’ indicates the time RSRP of target cell is offset dB better than the source cell. Based on the slope of measured RSRP of consecutive measurements, the UE can estimate the ‘toffset’, and can pre-emptively execute the HO to the target cell when the configured CHO trigger conditions are met. Thus, the Uu latency in NTN is partially compensated and the too late HOs could be controlled, which further aid in minimizing RLFs, while ensuring UE performs HO well within the configured T1 and T2.
Proposal 5: RAN2 to discuss the solution approach outlined here to compensate the HO execution latency and to enhance the event A4 entering and leaving criteria.
2.6	Chain of Conditional Handovers
One of the issues also briefly considered in [8] was whether the CHO commands shall be discarded after HO execution. In NTN scenario the sequence of next serving cells can be predicted with high probability (assuming the UE does not move significantly, compared to the satellite coverage), we see some value in preparing the UE for multiple cell hops in advance. 
Proposal 6: RAN2 is asked to support the mechanism, where the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells). 
As shown in Fig. 5 a single satellite may provide coverage of several cells. UE is relatively static, at least compared to the velocity of the satellite, so it is quite likely the UE will be served by cell B directly after being served by cell A.
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Fig. 5. Current serving and next prepared cells in the chain of CHOs
In such case, it would make sense if the UE is provided in advance with the cell-specific resources/configurations for one or more next serving cells. Such set of configurations can be also equipped with time validity, in order not to reserve too many resources on the network side much earlier than needed. The expected time of stay can be used for roughly assessing when each UE is expected to access subsequent CHO candidate cells.
Proposal 7: UE’s expected time of stay in the cell can be used for avoiding too early resource reservations.
When the UE accesses the next prepared cell (cell B in the example depicted in Fig. 5) it may inform the new serving cell of the presence of CHO chain configuration (e.g. in case the chain has not been properly propagated over the network nodes, including the UE’s unique identifier so that the subsequent cells are able to determine for which users the resources were reserved). That would allow the new serving cell to determine if the chain of CHO configurations is valid or the UE shall be perhaps reconfigured. 
Proposal 8: When accessing the new cell, UE may report it was configured with the chain of CHO configurations in one of the preceding cells.
We are aware the time until the end of Rel-17 is scarce, while RAN2 has few other more urgent things to address. However, we feel this kind of approach is an attractive and efficient addition to NTN system specifically. Thus, if not supported in Rel-17, shall be seriously considered in the follow-up work (e.g. Rel-18, whose scope has been recently agreed).
2.7	CHO Recovery in NTN
One of the open issues described in [2] was whether the UE deletes the CHO configurations after time T2:
Open issue 9: Whether the UE should delete the corresponding time-based CHO configuration after T2
In our opinion this can be considered even widely – can the UE use CHO recovery mechanism, as defined in Rel-16? In a nutshell, CHO recovery allows the UE to attempt a CHO when a failure occurs (i.e. RLF or HOF) and the selected cell is a CHO candidate (i.e. UE was prepared for CHO execution prior to that failure event). As CHO is supported for NTN, it would be straightforward to take advantage of CHO Recovery also for NTN UEs.
Proposal 9: CHO Recovery is supported for NTN UEs which are CHO-capable. 
That implies the UE may encounter a failure even before time T2 or before distance-based CHO execution happens and be allowed to use CHO configurations for recovery. 
If the UE does not execute CHO until T2 or until distance-based condition is met and it was configured for CHO Recovery, the UE shall keep the CHO configurations for candidate cells. After all, it is more desirable to try recovering via CHO than to re-establish the link upon RLF. Obviously the CHO candidate still needs to be chosen in the process of cell selection (as per legacy CHO Recovery). It can be considered if additional verification is also needed, i.e. what if the CHO candidate is selected (based on radio conditions), for which the timer-based or distance-based condition is not valid anymore?  
Proposal 10: If the UE does not execute CHO until T2 or until distance-based condition is met, but it was configured for CHO Recovery the UE keeps the CHO configurations. FFS if those can be used directly in CHO Recovery or additional time/distance verification shall be done. 
2.8	Time- and location-based CHO triggering
Another open issue listed in [2] was as follows:
Open issue 8: Is the network allowed to configure location-based CHO and time-based CHO simultaneously?
However, no more background was given, e.g. whether this concerns a combination for the same CHO candidate cell or in general relates to UE’s capability to support both time-based and distance-based evaluations, not necessarily for the same target cell? In our opinion it shall be expected the UE supports both time-based and location-based triggering and it is up to the NW to decide which one to configure. Regarding the simultaneous use for the same CHO candidate cell, it is indeed not captured explicitly within RAN2 agreements, but our recollection from one of the offline threads back in 2021 was that the majority in RAN2 did not see any particular use case for allowing time-based and location-based triggering to be configured jointly. Especially, if we consider that radio-based condition (event Ax) also needs to be evaluated in parallel. Thus, the arising complexity from supporting too many conditions in parallel and the possible large number of combinations (e.g. event A3 or A4 or A5, with/without location-based event, with/without time-based event) make us think such combination is not desirable. It won’t bring any solid benefits, while making the whole functionality more difficult and to test properly (in RAN4 and RAN5).
Proposal 11:  Simultaneous configuration of location-based CHO and time-based CHO for the same candidate cell is not supported.
3	SMTC and gap configuration
At RAN2#116 the following has been agreed regarding SMTC in CONNECTED mode [4]:
	Agreements:
1.	We don't introduce new mechanisms (e.g. based on MAC CE) to activate/deactivate SMTCs for NTN neighbour measurements. Which SMTCs the UE will consider is only based on RRC configuration (UE based solutions are not excluded by this)
Agreements via email - from offline 103:
1.	RAN2 will decide which option to choose for NTN assistance information for SMTC/MG once SA3 feedback on user consent is received. 
2.	If propagation delay based UE assistance information for NTN SMTC is agreed, it is defined in the form of propagation delay difference. 
3.	RAN2 assumes FL delay is known to and compensated by the network. RAN2 also assumes the UE needs to have neighbour cell ephemeris for the propagation delay estimation.
4.	In NW-based SMTC solution the UE is not allowed to apply shifts to configured SMTCs. 
5.	Measurement gap related aspects for Rel-17 NTN will be addressed in Rel-17 NTN WI. Coordination and avoiding overlap with other WIs and WGs is recommended.
6.	RAN2 will reuse at least the SMTC agreements made for UE assistance information reporting also in the area of measurement gaps for NTN
Agreements via email - from offline 103 (second round):
1.	UE assistance information for NTN SMTC adjustments is event-triggered. Details of the triggering event are FFS (pending the decision on supported assistance information type).
2.	RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN. At least gap length and UE capabilities impact the number of required measurement gaps.
3.	UE-based solution for SMTC adjustments in NTN is supported for IDLE/INACTIVE UEs. FFS how does the UE perform the necessary shifts in SMTC.
Agreements:
1.	In NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e. there is no switching between or activation/deactivation of configured SMTCs. FFS whether this (UE support for 2 SMTCs) requires a UE capability. A UE can optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel)



The adjustments of SMTC in IDLE mode are addressed in another paper [5]. 
3.1 Assistance information for SMTC
Here we would like to say few words on the assistance information and its triggering, which was left FFS. At RAN2#116 a large group of companies was OK to conclude this is event-triggered, but without disclosing any further details. It was raised that it is still dubious if any information concerning UE location can be disclosed (pending SA3 feedback, user consent, etc.). RAN2 has already asked SA3 to work out the NTN-specific user consent, which seems to be essential for UE location information to be shared with the network. Assuming there will be no concerns in SA3, RAN2 may conclude UE assistance information can comprise UE’s location information which can help the gNB to configure the SMTC and measurement gaps properly.
Proposal 12: UE reports its location information to help the network in configuring SMTC and MGs for neighbouring cell measurements.
As an alternative for the UE assistance information it was agreed that if propagation delay based UE assistance information for NTN SMTC is agreed, it is defined in the form of propagation delay difference. However without knowing the UE location this would lead to UE assistance needed at multiple times, thus increasing the overhead and delay and therefore the UE location is preferred.
The remaining question is how to trigger such assistance information. It has been decided this shall be event-triggered. But what kind of event is exactly used – this needs to be resolved. Among the considered options one can find:
a) UE reports assistance information when observed SMTC window is shifted by more than configurable threshold
b) UE reports assistance information when it moves a distance exceeding a configured threshold
c) UE reports assistance information when the associated neighbor cells cannot be detected based on configured SMTC for a period of time (validity timer)
In principle all of the options may work. However, in our understanding what predominantly matters is whether the configured SMTC window differs largely from what the UE currently observes and measures. Thus, option a) would be the most natural choice.
Proposal 13: UE reports assistance information when observed SMTC window is shifted by more than NW-configurable threshold.
As it is agreed that the network is having knowledge of the FL delay for SMTC windows this means every network node has an understanding of the own feeder link delay as well as the FL delay of the satellites carrying the cells which need to be measured. This information needs to be exchanged over X2 or through S1.
Proposal 14: The FL delays need to be exchanged between gNB with relevant cells at different satellites. RAN2 to ask RAN3 to discuss whether this is done through X2 or S1 or both.
4	Conclusion
In this document the following observations and proposals have been made:
Observation 1: UEs distribution in time during CHO can be related to the motion direction with respect to the satellite’s movement. 
Proposal 1: RAN2 is asked to consider how to distribute in time CHO commands taking into the account the UE’s movement direction with respect to the satellite’s movement. 
Observation 2: With Earth Fixed cells unnecessary handovers may happen due to LOS/NLOS, shadowing and measurement errors between cells of different satellites when running with CHO with radio and time conditions.
Proposal 2 RAN2 to discuss and decide to include dynamic hysteresis for CHO in EFC.      
Proposal 3: RAN2 to discuss a mechanism to inform the UEs that the cell is in shutdown mode and the cell transmit power is gradually reduced.
Observation 3: Using the cells’ reference location as an instantaneous metric can lead to unnecessary measurement reports/CHOs in the earth-moving cell scenario  
Observation 4: Determining the UE to reference location distance change over time enables the UE to select between candidate cells.
Observation 5: The UE to reference location distance change over time value can be applied as an offset parameter in radio measurement event evaluation.
Proposal 4: RAN2 to discuss how long time a UE can keep its connection alive without RLF in scenario with discontinuous satellite coverage, if a next cell is close based on the location of the reference point. 
Proposal 5: RAN2 to discuss the solution approach outlined here to compensate the HO execution latency and to enhance the event A4 entering and leaving criteria.
Proposal 6: RAN2 is asked to support the mechanism, where the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells). 
Proposal 7: UE’s expected time of stay in the cell can be used for avoiding too early resource reservations.
Proposal 8: When accessing the new cell, UE may report it was configured with the chain of CHO configurations in one of the preceding cells.
Proposal 9: CHO Recovery is supported for NTN UEs which are CHO-capable. 
Proposal 10: If the UE does not execute CHO until T2 or until distance-based condition is met, but it was configured for CHO Recovery the UE keeps the CHO configurations. FFS if those can be used directly in CHO Recovery or additional time/distance verification shall be done. 
Proposal 11:  Simultaneous configuration of location-based CHO and time-based CHO for the same candidate cell is not supported.
Proposal 12: UE reports its location information to help the network in configuring SMTC and MGs for neighbouring cell measurements.
Proposal 13: UE reports assistance information when observed SMTC window is shifted by more than NW-configurable threshold.
Proposal 14: The FL delays need to be exchanged between gNB with relevant cells at different satellites. RAN2 to ask RAN3 to discuss whether this is done through X2 or S1 or both.
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