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1	Introduction
A new WI on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86, with an updated WID approved at RAN#88 [1]. The WI aims to specify the following control plane enhancements:
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].

· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)

· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]

Agreements related to connected mode from RAN2#102:

Agreements:
1. RAN2 to consider the case where gNB is co-located at the GW with higher priority.
2. RAN2 will continue working with the assumption that service link switch implies L3 mobility (meaning that at least in case the SSBs are on the same sync raster point the PCIs need to be different). Check if an LS to RAN1 asking for feasibility of having same PCI as well can be agreed

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 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.
4. 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.

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

Agreements related to connected mode from RAN2#103:

[bookmark: _Ref178064866]
Agreements:
1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.


[bookmark: _Hlk51759500]3 CHO and location based measurement event for RRM
RAN2 has agreed to introduce three new trigger events for CHO configured in NTN. At the RAN2#112 meeting, a time/timer based and a location based CHO trigger event, and at the last RAN2 meeting, a CHO trigger event based on the existing A4 event (Neighbour becomes better than threshold).
The most obvious scenario where the time/timer based CHO trigger event is expected to be useful is the feeder and service link switch in the (quasi) Earth-fixed cell scenario. The time of the cell/satellite change will typically affect the vast majority of the UEs located in the cell area regardless of their position within the cell area. Only UEs with high velocity close to the cell border may need to be configured with other CHO trigger events.
3.1	Time/timer based CHO trigger event
[bookmark: _Hlk67503260]For the time/timer based CHO trigger event in the feeder/service link switch scenarios, it has been discussed (e.g. in the RAN2#113 email discussion on CHO aspects, [9]) whether the time/timer shall indicate one of, or a combination of:
· the time when the serving cell stops serving the area
· the time when a given target cell starts serving the area, i.e. a service availability time for each candidate target cell
Discussions on the two alternatives follows below.
[bookmark: _Hlk67495334]3.1.1	Time when serving cell stops serving the area
The time related information when the serving cell stops serving the area is a topic that has been (and still is) discussed in the NTN idle/inactive discussions. For a UE in idle mode this information is crucial since a reselection to a new cell need to be performed before the old cell stops serving the area.
For this reason, RAN2 took the following agreement at the last meeting:
2. [bookmark: _Hlk67493785]The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.

If for example the remaining serving time is provided for each cell in the system information, also a UE in connected mode can take this information into account when evaluating the Conditional Handover. Consequently the handover needs to be performed before the given time.
Also in the case the UE is configured with timing information for one or more candidate target cells (indicating the earliest point in time when the UE can perform the Conditional Handover to a given candidate target cell), the remaining serving cell time will set the limit for when the Conditional Handover need to be performed at the latest.
Another way to distribute the Conditional Handover over time (compared to what is discussed in section 3.1.1), and by that avoid peak signaling load in the target cell, the network may indicate, as part of the CHO configuration, a time related to the remaining serving cell time when the UE need to perform the handover. As an alternative solution, an indication in the CHO configuration may request the UE to (autonomously) subtract a random value from the remaining serving cell time whereby the UE performs the Conditional Handover.
Likely there are many different alternative solutions to this issue and pros and cons to the different options can be discussed in due time.
Observation 1 RAN2 agreement to inform UEs in idle/inactive mode when a cell is going to stop serving the area and/or the timing information about new upcoming cells (FFS if both types of information is needed).
Observation 2 UE configured with CHO need to perform HO before serving cell stops serving the area
Observation 3 Due to limited RACH capacity in the cell taking over the area, it was conlcuded in SI that CHO timings need to be distributed
Proposal 1 CHO should contain time before which HO need to be performed in“RRCReconfig->conditionalReconfig” together with information about cell that is replacing the coverage.

When another cell is going to replace the same coverage area it may not be needed that the UE performs RSRP measurements on that cell. Actually, demanding RSRP measurements will cause delay in performing the switch and cause timing ambiguity on when UEs are accessing the RACH resources in the upcoming cell. Thus, it should be possible for the network to configure the time trigger related to the serving cell without the RSRP condition. It needs to be noted that this is one of the CHO triggers and UE may have in the same CHO configuration triggers that do have RSRP e.g. with the timing related to the upcomng cells near UE’s coverage area or even with the upcoming cell. However, additionally, there should be possibility to configure so called backup trigger that triggers before the serving cell takes off.
Observation 4 Demanding RSRP measurements will cause delay in performing the switch and cause timing ambiguity on when UEs are accessing the RACH resources in the upcoming cell.
Proposal 2 CHO should contain time before which HO need to be performed in“RRCReconfig->conditionalReconfig” together with information about cell that is replacing the coverage. This can be with/without RSRP trigger.


3.1.1	Service availability time per candidate target cell
Providing each UE with some kind of service availability time per candidate target cell is the alternative which seems to gain most support among companies.
The timing information for each candidate target cell can be provided to each UE in the CHO configuration, which also would give the network the option to provide each UE with a unique timing information, i.e. different from the actual service availability time of the given target cell. In this way, the handover can potentially be distributed over time between UEs accessing the same candidate target cell and by that peak signaling load can be avoided.
From this perspective we should rather talk about “timing information” or “CHO execution time” instead of service availability time.
However, a precondition for the handover distribution over time to work, is that the time/timer based CHO trigger event alone can trigger the conditional handover.
Proposal 3 Timing information indicating the earliest time in which the UE can perform CHO to a candidate target cell, shall be supported for NTN CHO.

In TS 38.331, the timing information per candidate target cell can be defined in:
”RRCReconfig->conditionalReconfig->condReconfigId”


For the time/timer based event, it should be discussed how the feeder/service link switch scenario is supported. For example, is it possible to support with one time/timer based event the case that current serving cell ceases to serve the area of the cell. One option is to configure a UTC time as the CHO trigger condition. Then, as time in this Universe is understood only to go forward, it seems we need only an entering condition for the event. It is likely that hysteresis and TTT are a bit useless here as well.
[bookmark: _Toc68198858]RAN2 to adopt absolute time as CHO trigger condition. 
[bookmark: _Toc68198859] The time event does not include TTT or hysteresis.
[bookmark: _Toc68198860] The time event has entry condition only.

3.2	Location based CHO trigger event
Also location based CHO trigger events were discussed in the RAN2#113 email discussion on CHO aspects. A number of potential trigger definitions have been identified and among them the following have gained most support:
· The distance between the UE and the centre of the serving cell. A radius defines a circle around the serving cell.
· The distance between the UE and the centre of a candidate target cell. A radius defines a circle around the target candidate cell.
· The difference in distance between “the UE and the centre of the serving cell” and “the UE and the centre of the candidate target cell”. A hexagonal cell area is defined.

An elliptical shape around a given reference point will of course describe the cell area in a more accurate way compared to a circle (or a hexagonal cell area), although it would require a bit more data to describe the area. As the shape of the cell area also changes with the satellite movement (elevation angle change), the information provided to the UE describing the cell area (reference point, radius etc.), also need to be constantly updated.
Parts of the information describing the cell area can likely be provided in RRC configuration (e.g. in system information), but this very much depends on what information will be included in ephemeris. Thus, it seems reasonable to await further progress in the ephemeris discussions.
Proposal 4 Define the location based CHO trigger with respect to the centre of the serving cell and/or the target cell. What information to be provided in CHO configuration, system information etc need to await further progress in ephemeris discussions.

In addition, the event definition in TS 38.331 Clause 5.5.4 needs to consider whether TTT and hysteresis are implemented and whether a threshold with offset is used. Our proposal is to use TTT and hysteresis in order not to trigger the measurement report or the CHO if UE does not stay beyond the threshold for a defined amount of time and to use hysteresis in order to avoid the ping pong effect. Further, in expressing the location, a threshold with offset should be used. That is to use threshold to give the distance from the reference location with a certain accuracy and then use offset to fine tune value.

[bookmark: _Toc68198861]The location event includes hysteresis and TTT  
[bookmark: _Toc68198862]The trigger is configured with a threshold in MeasConfig and offset in ReportConfigNR as shown in TP3.


In addition to event based trigger, the network may configure a UE to report its location to the network periodically. If this period is sparse enough it avoids UE to keep constant up to date of its location. Disadvantage is that it consumes uplink resources. Regardless, it provides an option for the UE capability with respect to maintaining up to date location.  

[bookmark: _Toc68198854]Periodic reporting of UE’s location may provide an option where UE does not need to maintain location info constantly.
[bookmark: _Toc68198863]RAN2 to discuss the feasibility of periodic location reporting as an addition to the event triggered based. 

3.3	Configuration of CHO trigger events 
Only relying on a single time/timer based event (or a single location based event) to trigger a CHO without assessing the signal strength/quality of the candidate target cell, will not be sufficient in many scenarios. For example, when the UE is moving with high speed close to the cell border, or in case there are temporary fluctuations in the cell coverage. It is therefore likely that the time/timer or the location based event sometimes also need to be complemented with a measurement based event to secure CHO to the most suitable target cell.
[bookmark: _Hlk60913875]Similarly, if a location based trigger event is configured to the UE and the present location in relation to e.g. the serving cell centre or to the target cell centre is for any reason incorrect or not known thus misleading the UE, the measurement based trigger event can be used as a fallback solution to trigger a CHO.
Considering the large variety of handover scenarios and use cases expected in NTN deployments (discussions above only reveal a few examples), RAN2 should discuss if changes to the CHO evaluation logic is needed when multiple CHO trigger events are configured to the UE.

Following options can be discussed:
1. UE evaluates all CHO events simultaneously but only when all CHO events are fulfilled for a candidate target cell, a CHO is triggered.
2. UE evaluates all CHO events simultaneously and when one CHO event fulfills the execution condition for a candidate target cell, a CHO is triggered.
3. UE evaluates one CHO event at a time in a hierarchical order, e.g. when the first CHO event is fulfilled, the UE starts to evaluate the second CHO event. Only when both CHO events are fulfilled for a candidate target cell, a CHO is triggered.
The first option listed above is the legacy procedure while the following two options require changes to the current procedural text, or new procedural text. 
TP1 in the Appendix gives an example of the procedural text change for Option 2, while Option 3 would likely require an alternative procedural text section.
[bookmark: _Toc68198864]RAN2 to discuss how conditional HO should be triggered in NTN when the location and/or time/timer based trigger event is configured possibly in addition to one of the measurement based events.


5 RACH-less Handover

RACH-less handover was introduced as part of the mobility enhancements in LTE Rel-14 and consists of that Msg1 and Msg2 are skipped in the target cell. The UE’s first transmission in the target cell is instead the message confirming the completion of the handover, i.e. RRCConnectionReconfigurationComplete in LTE and RRCReconfigurationComplete in NR, i.e. the RRC message which is normally included in Msg3 in a regular RACH-based handover.
UL transmission resources for UE’s first message in the target cell are allocated either through pre-allocated UL grants or UL grants dynamically allocated through PDCCH in the target cell without preceding scheduling request due to the missing random access procedure in the target cell. If pre-allocated UL grants are configured, these are periodic UL transmission resources allocated in the RRCConnectionReconfiguration or RRCReconfiguration message constituting the HO Command. The pre-allocated UL grants potentially achieves shorter interruption, since the PDCCH allocation adds some additional delay, but PDCCH allocation is more flexible.
Since the random access procedure, and therefore also the Random Access Response message is skipped in the target cell, the target gNB cannot determine a precise timing advance (TA) for the UE. Hence, RACH-less HO is limited to scenarios where the TA is known in advance. In practice, this means scenarios where the TA in the target cell is the same as in UE’s source cell or when the target cells is so small that the TA can be assumed to always be 0. Since the coverage area of a satellite is likely to include several cells, all intra satellite HO will experience the same TA value and thus even in this case the RACH-less HO procedure could be used. The assumption that all NTN UE´s are GNSS capable could allow the UE to estimate its TA to the source satellite but also the TA to the target cell in an inter satellite HO and even in this case, the use of RACH-less HO with a TA based on UE estimates should be considered for NTN.

Even with a PRACH configuration that maximizes the available PRACH opportunities in a cell, the collision rate will be high. Adding attach attempts from other UEs than the ones that are doing HO, the collision rate will increase even further. This means that in order to support mobility, the signaling needs to be reduced. 
It is believed that the RACH capacity will be limited even in sparsely populated areas due to the large supported cells in NTN. RACH-less will offload the PRACH resources and thus reduce the collision rate. It also has the potential to reduce the interruption time since it is possible to use dense pre-allocated grants in the HO command.
Our companion contribution [8] discusses further details of the RACH-less HO and it is preferred that detailed discussion takes place under UP agenda rather than CP agenda.


[bookmark: _Toc68198855]The assumption that all NTN UE´s are GNSS capable could allow the UE to estimate its TA to the source satellite but also the TA to the target cell in an inter satellite HO and even in this case, the use of RACH-less HO with a TA based on UE estimates seems feasible. 
[bookmark: _Toc68198856]The PRACH collision rate will be high in NTN systems and ways to limit this especially for cases where there is expected to be large number of HOs like feeder/service link switch, ways to limit this is definitely needed.
[bookmark: _Toc68198857]RACH capacity will be limited as seen during SI phase and the available RACH capacity needs to consider, initial access, L3 mobility as well as L1 beam management(BFR) and RLF caused access attempts.
[bookmark: _Toc68198865]RAN2 should support RACH-less HO in Rel-17 WI for NTN. 
[bookmark: _Toc68198866]Further discuss the details under user plane agenda item.

6 Conclusion
In the previous sections we made the following observations: 
Observation 5	Periodic reporting of UE’s location may provide an option where UE does not need to maintain location info constantly.
Observation 6	The assumption that all NTN UE´s are GNSS capable could allow the UE to estimate its TA to the source satellite but also the TA to the target cell in an inter satellite HO and even in this case, the use of RACH-less HO with a TA based on UE estimates seems feasible.
Observation 7	The PRACH collision rate will be high in NTN systems and ways to limit this especially for cases where there is expected to be large number of HOs like feeder/service link switch, ways to limit this is definitely needed.
Observation 8	RACH capacity will be limited as seen during SI phase and the available RACH capacity needs to consider, initial access, L3 mobility as well as L1 beam management(BFR) and RLF caused access attempts.
Based on the discussion in the previous sections we propose the following:
Proposal 4	RAN2 to adopt absolute time as CHO trigger condition.
Proposal 5	The time event does not include TTT or hysteresis.
Proposal 6	The time event has entry condition only.
Proposal 8	The location event includes hysteresis and TTT
Proposal 9	The trigger is configured with a threshold in MeasConfig and offset in ReportConfigNR as shown in TP3.
Proposal 10	RAN2 to discuss the feasibility of periodic location reporting as an addition to the event triggered based.
Proposal 11	RAN2 to discuss how conditional HO should be triggered in NTN when the location and/or time/timer based trigger event is configured possibly in addition to one of the measurement based events.
Proposal 12	RAN2 should support RACH-less HO in Rel-17 WI for NTN.
Proposal 13	Further discuss the details under user plane agenda item.
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Appendix

------------------------------------ start TP 1------------------------------------------------------------
[bookmark: _Toc46439175][bookmark: _Toc46444012][bookmark: _Toc46486773][bookmark: _Toc52836651][bookmark: _Toc52837659][bookmark: _Toc53006299]5.3.5.13.4	Conditional reconfiguration evaluation
The UE shall:
1>	for each condReconfigId within the VarConditionalReconfig:
2>	consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync in the received condRRCReconfig to be applicable cell;
2>	for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCond associated to condReconfigId:
3>	if the entry condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
4>	consider the event associated to that measId to be fulfilled;
3>	if the leaving condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:
4>	consider the event associated to that measId to be not fulfilled;
[bookmark: _Hlk61354769]2>	if the condTriggerConfig within the VarConditionalReconfig includes the EventEvaluationConfig:
3>	if the EventEvaluationConfig is set to anyEvent:
[bookmark: _Hlk61264507]4>	if one event associated to any measId within condTriggerConfig for a target candidate cell within the stored condRRCReconfig is fulfilled:
5>	consider the target candidate cell within the stored condRRCReconfig, associated to that condReconfigId, as a triggered cell;
5>	initiate the conditional reconfiguration execution, as specified in 5.3.5.13.5;

2>	else if event(s) associated to all measId(s) within condTriggerConfig for a target candidate cell within the stored condRRCReconfig are fulfilled:
3>	consider the target candidate cell within the stored condRRCReconfig, associated to that condReconfigId, as a triggered cell;
3>	initiate the conditional rconfiguration execution, as specified in 5.3.5.13.5;
NOTE:	Up to 2 MeasId can be configured for each condReconfigId. The conditional reconfiguration event of the 2 MeasId may have the same or different event conditions, triggering quantity, time to trigger, and triggering threshold.

------------------------------------ end TP 1------------------------------------------------------------




------------------------------------ start TP 2------------------------------------------------------------
[bookmark: _Toc60776898][bookmark: _Toc60867679]5.5.4.xx	Event L1 (The UE location is beyond a threshold) 
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition L1-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition L1-2, as specified below, is fulfilled;
Inequality L1-1 (Entering condition)


Inequality L1-2 (Leaving condition)


The variables in the formula are defined as follows:
Ms is the UE location, not taking into account any offsets.
Hys is the hysteresis parameter (i.e. l1-Hysteresis as defined within ReportConfigNR) for this event.
Thresh is the reference threshold parameter for this event given in MeasConfig(i.e. locationThreshRef as defined within MeasConfig).
Offset is the offset value to locationThreshRef to obtain the absolute threshold for this event. (i.e. l1-ThresholdOffset as defined within ReportConfigNR)
Ms is expressed in meters.
Thresh is expressed in the same unit as Ms.

NOTE 2:	The definition of Event L1 also applies to CondEvent L1.

[bookmark: _Toc60776899][bookmark: _Toc60867680]5.5.4.14	Void CondEvent T1 (Absolute time has passed a threshold time)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition T1-1, as specified below, is fulfilled;
Inequality T1-1 (Entering condition)
Definition FFS



------------------------------------ end TP 2------------------------------------------------------------





------------------------------------ start TP 3------------------------------------------------------------

[bookmark: _Toc60777252][bookmark: _Toc60868033]–	MeasConfig
The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.
MeasConfig information element
-- ASN1START
-- TAG-MEASCONFIG-START

MeasConfig ::=                      SEQUENCE {
    measObjectToRemoveList              MeasObjectToRemoveList                                              OPTIONAL,   -- Need N
    measObjectToAddModList              MeasObjectToAddModList                                              OPTIONAL,   -- Need N
    reportConfigToRemoveList            ReportConfigToRemoveList                                            OPTIONAL,   -- Need N
    reportConfigToAddModList            ReportConfigToAddModList                                            OPTIONAL,   -- Need N
    measIdToRemoveList                  MeasIdToRemoveList                                                  OPTIONAL,   -- Need N
    measIdToAddModList                  MeasIdToAddModList                                                  OPTIONAL,   -- Need N
    s-MeasureConfig                     CHOICE {
        ssb-RSRP                            RSRP-Range,
        csi-RSRP                            RSRP-Range
    }                                                                                                       OPTIONAL,   -- Need M
    quantityConfig                      QuantityConfig                                                      OPTIONAL,   -- Need M
    measGapConfig                       MeasGapConfig                                                       OPTIONAL,   -- Need M
    measGapSharingConfig                MeasGapSharingConfig                                                OPTIONAL,   -- Need M
    ...,
    [[
    interFrequencyConfig-NoGap-r16      ENUMERATED {true}                                                   OPTIONAL    -- Need R
    ]],
[[		locationThreshRef-r17	FFS		OPTIONAL	--Need ON
]]

}

MeasObjectToRemoveList ::=              SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId

MeasIdToRemoveList ::=                  SEQUENCE (SIZE (1..maxNrofMeasId)) OF MeasId

ReportConfigToRemoveList ::=            SEQUENCE (SIZE (1..maxReportConfigId)) OF ReportConfigId

-- TAG-MEASCONFIG-STOP
-- ASN1STOP

	MeasConfig field descriptions

	interFrequencyConfig-NoGap-r16
If the field is set to true, UE is configured to perform SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE, as specified in TS 38.133 [14], clause 9.3. Otherwise, the SSB based inter-frequency measurement is performed within measurement gaps.

	locationThreshRef
Reference  location threshold for eventL1 in reportConfigNR. The locationThreshRef is a distance from a cell center reference location(definition FFS)

--Editors note: definition and for cell center reference location is FFS and it is assumed it is given is SI or elsewhere thus not added here--

	measGapConfig
Used to setup and release measurement gaps in NR.

	measIdToAddModList
List of measurement identities to add and/or modify.

	measIdToRemoveList
List of measurement identities to remove.

	measObjectToAddModList
List of measurement objects to add and/or modify.

	measObjectToRemoveList
List of measurement objects to remove.

	reportConfigToAddModList
List of measurement reporting configurations to add and/or modify.

	reportConfigToRemoveList
List of measurement reporting configurations to remove.

	s-MeasureConfig
Threshold for NR SpCell RSRP measurement controlling when the UE is required to perform measurements on non-serving cells. Choice of ssb-RSRP corresponds to cell RSRP based on SS/PBCH block and choice of csi-RSRP corresponds to cell RSRP of CSI-RS. 

	measGapSharingConfig
Specifies the measurement gap sharing scheme and controls setup/ release of measurement gap sharing. 




[bookmark: _Toc60777350][bookmark: _Toc60868131]–	ReportConfigNR
The IE ReportConfigNR specifies criteria for triggering of an NR measurement reporting event or of a CHO or CPC event. For events labelled AN with N equal to 1, 2 and so on, measurement reporting events and CHO or CPC events are based on cell measurement results, which can either be derived based on SS/PBCH block or CSI-RS.
Event A1:	Serving becomes better than absolute threshold;
Event A2:	Serving becomes worse than absolute threshold;
Event A3:	Neighbour becomes amount of offset better than PCell/PSCell;
Event A4:	Neighbour becomes better than absolute threshold;
Event A5:	PCell/PSCell becomes worse than absolute threshold1 AND Neighbour/SCell becomes better than another absolute threshold2;
Event A6:	Neighbour becomes amount of offset better than SCell;
Event L1:	UE location becomes further than threshold;

CondEvent A3: Conditional reconfiguration candidate becomes amount of offset better than PCell/PSCell;
CondEvent A5: PCell/PSCell becomes worse than absolute threshold1 AND Conditional reconfiguration candidate becomes better than another absolute threshold2;
CondEvent T1: Absolute time is more than configured threshold;

For event I1, measurement reporting event is based on CLI measurement results, which can either be derived based on SRS-RSRP or CLI-RSSI.
Event I1:	Interference becomes higher than absolute threshold.
ReportConfigNR information element
-- ASN1START
-- TAG-REPORTCONFIGNR-START

ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        reportSFTD                                  ReportSFTD-NR,
        condTriggerConfig-r16                       CondTriggerConfig-r16,
        cli-Periodical-r16                          CLI-PeriodicalReportConfig-r16,
        cli-EventTriggered-r16                      CLI-EventTriggerConfig-r16
    }
}

ReportCGI ::=                     SEQUENCE {
    cellForWhichToReportCGI          PhysCellId,
        ...,
    [[
    useAutonomousGaps-r16            ENUMERATED {setup}                OPTIONAL   -- Need R
    ]]

}

ReportSFTD-NR ::=                 SEQUENCE {
    reportSFTD-Meas                  BOOLEAN,
    reportRSRP                       BOOLEAN,
    ...,
    [[
    reportSFTD-NeighMeas             ENUMERATED {true}                                OPTIONAL,   -- Need R
    drx-SFTD-NeighMeas               ENUMERATED {true}                                OPTIONAL,   -- Need R
    cellsForWhichToReportSFTD        SEQUENCE (SIZE (1..maxCellSFTD)) OF PhysCellId   OPTIONAL    -- Need R
    ]]
}

CondTriggerConfig-r16 ::=        SEQUENCE {
    condEventId                      CHOICE {
        condEventA3                      SEQUENCE {
            a3-Offset                        MeasTriggerQuantityOffset,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        condEventA5                      SEQUENCE {
            a5-Threshold1                    MeasTriggerQuantity,
            a5-Threshold2                    MeasTriggerQuantity,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        ...,
[[ 
       condEventL1-r17							SEQUENCE {
					l1-ThresholdOffset-r17			FFS,
					l1-Hysteresis-17			    FFS,
                    timeToTrigger                   TimeToTrigger

       },
       condEventT1-r17							SEQUENCE {
					t1XXX-r17			FFS
      }
]]

    },
    rsType-r16                       NR-RS-Type,
    ...

}

EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventA1                                     SEQUENCE {
            a1-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA2                                     SEQUENCE {
            a2-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA5                                     SEQUENCE {
            a5-Threshold1                               MeasTriggerQuantity,
            a5-Threshold2                               MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA6                                     SEQUENCE {
            a6-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        ...,
[[
				eventL1-r17							SEQUENCE {
					l1-ThresholdOffset-r17			FFS,
					l1-Hysteresis-17			    FFS,
                    timeToTrigger                   TimeToTrigger

]]

    },
    rsType                                      NR-RS-Type,
    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),
    reportQuantityRS-Indexes                     MeasReportQuantity                                            OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                   INTEGER (1..maxNrofIndexesToReport)                            OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    reportAddNeighMeas                          ENUMERATED {setup}                                             OPTIONAL,   -- Need R
    ...,
    [[
    measRSSI-ReportConfig-r16                   MeasRSSI-ReportConfig-r16                                      OPTIONAL,   -- Need R
    useT312-r16                                 BOOLEAN                                                        OPTIONAL,   -- Need M
    includeCommonLocationInfo-r16               ENUMERATED {true}                                              OPTIONAL,   -- Need R
    includeBT-Meas-r16                          SetupRelease {BT-NameList-r16}                                 OPTIONAL,   -- Need M
    includeWLAN-Meas-r16                        SetupRelease {WLAN-NameList-r16}                               OPTIONAL,   -- Need M
    includeSensor-Meas-r16                      SetupRelease {Sensor-NameList-r16}                             OPTIONAL    -- Need M
    ]]
}

PeriodicalReportConfig ::=                  SEQUENCE {
    rsType                                      NR-RS-Type,
    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),
    reportQuantityRS-Indexes                    MeasReportQuantity                                             OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                   INTEGER (1..maxNrofIndexesToReport)                            OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    useWhiteCellList                            BOOLEAN,
    ...,
    [[
    measRSSI-ReportConfig-r16                   MeasRSSI-ReportConfig-r16                                      OPTIONAL,   -- Need R
    includeCommonLocationInfo-r16               ENUMERATED {true}                                              OPTIONAL,   -- Need R
    includeBT-Meas-r16                          SetupRelease {BT-NameList-r16}                                 OPTIONAL,   -- Need M
    includeWLAN-Meas-r16                        SetupRelease {WLAN-NameList-r16}                               OPTIONAL,   -- Need M
    includeSensor-Meas-r16                      SetupRelease {Sensor-NameList-r16}                             OPTIONAL,   -- Need M
    ul-DelayValueConfig-r16                     SetupRelease { UL-DelayValueConfig-r16 }                       OPTIONAL,   -- Need M
    reportAddNeighMeas-r16                      ENUMERATED {setup}                                             OPTIONAL    -- Need R
    ]]
}

NR-RS-Type ::=                              ENUMERATED {ssb, csi-rs}

MeasTriggerQuantity ::=                     CHOICE {
    rsrp                                        RSRP-Range,
    rsrq                                        RSRQ-Range,
    sinr                                        SINR-Range
}

MeasTriggerQuantityOffset ::=               CHOICE {
    rsrp                                        INTEGER (-30..30),
    rsrq                                        INTEGER (-30..30),
    sinr                                        INTEGER (-30..30)
}


MeasReportQuantity ::=                      SEQUENCE {
    rsrp                                        BOOLEAN,
    rsrq                                        BOOLEAN,
    sinr                                        BOOLEAN
}

MeasRSSI-ReportConfig-r16 ::=               SEQUENCE {
    channelOccupancyThreshold-r16               RSSI-Range-r16         OPTIONAL   -- Need R
}

CLI-EventTriggerConfig-r16 ::=              SEQUENCE {
    eventId-r16                                 CHOICE {
        eventI1-r16                                 SEQUENCE {
            i1-Threshold-r16                            MeasTriggerQuantityCLI-r16,
            reportOnLeave-r16                           BOOLEAN,
            hysteresis-r16                              Hysteresis,
            timeToTrigger-r16                           TimeToTrigger
        },
    ...
    },
    reportInterval-r16                          ReportInterval,
    reportAmount-r16                            ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
    maxReportCLI-r16                            INTEGER (1..maxCLI-Report-r16),
    ...
}

CLI-PeriodicalReportConfig-r16 ::=          SEQUENCE {
    reportInterval-r16                          ReportInterval,
    reportAmount-r16                            ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
    reportQuantityCLI-r16                       MeasReportQuantityCLI-r16,
    maxReportCLI-r16                            INTEGER (1..maxCLI-Report-r16),
    ...
}

MeasTriggerQuantityCLI-r16 ::=              CHOICE {
    srs-RSRP-r16                                SRS-RSRP-Range-r16,
    cli-RSSI-r16                                CLI-RSSI-Range-r16
}

MeasReportQuantityCLI-r16 ::=               ENUMERATED {srs-rsrp, cli-rssi}

-- TAG-REPORTCONFIGNR-STOP
-- ASN1STOP

	CondTriggerConfig field descriptions

	a3-Offset
Offset value(s) to be used in NR conditional reconfiguration triggering condition for cond event a3. The actual value is field value * 0.5 dB.

	a5-Threshold1/ a5-Threshold2
Threshold value associated to the selected trigger quantity (e.g. RSRP, RSRQ, SINR) per RS Type (e.g. SS/PBCH block, CSI-RS) to be used in NR conditional reconfiguration triggering condition for cond event a5. In the same condeventA5, the network configures the same quantity for the MeasTriggerQuantity of the a5-Threshold1 and for the MeasTriggerQuantity of the a5-Threshold2.

	condEventId
Choice of NR conditional reconfiguration event triggered criteria.

	timeToTrigger
Time during which specific criteria for the event needs to be met in order to execute the conditional reconfiguration evaluation.

	t1XXX



	ReportConfigNR field descriptions

	reportType
Type of the configured measurement report. In EN-DC, network does not configure report of type reportCGI using SRB3. The condTriggerConfig is used for CHO or CPC configuration.



	ReportCGI field descriptions

	useAutonomousGaps
Indicates whether or not the UE is allowed to use autonomous gaps in acquiring system information from the NR neighbour cell. When the field is included, the UE applies the corresponding value for T321.



	EventTriggerConfig field descriptions

	a3-Offset/a6-Offset
Offset value(s) to be used in NR measurement report triggering condition for event a3/a6. The actual value is field value * 0.5 dB.

	aN-ThresholdM
Threshold value associated to the selected trigger quantity (e.g. RSRP, RSRQ, SINR) per RS Type (e.g. SS/PBCH block, CSI-RS) to be used in NR measurement report triggering condition for event number aN. If multiple thresholds are defined for event number aN, the thresholds are differentiated by M. The network configures aN-Threshold1 only for events A1, A2, A4, A5 and a5-Threshold2 only for event A5. In the same eventA5, the network configures the same quantity for the MeasTriggerQuantity of the a5-Threshold1 and for the MeasTriggerQuantity of the a5-Threshold2.

	channelOccupancyThreshold
RSSI threshold which is used for channel occupancy evaluation.

	eventId
Choice of NR event triggered reporting criteria.

	l1-ThresholdOffset
An offset value to locationThreshRef to obtain the threshold to be used in for event L1 and CondEvent L1

	maxNrofRS-IndexesToReport
Max number of RS indexes to include in the measurement report for A1-A6 events.

	maxReportCells
Max number of non-serving cells to include in the measurement report.

	reportAddNeighMeas
Indicates that the UE shall include the best neighbour cells per serving frequency.

	reportAmount
Number of measurement reports applicable for eventTriggered as well as for periodical report types.

	reportOnLeave
Indicates whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a cell in cellsTriggeredList, as specified in 5.5.4.1.

	reportQuantityCell
The cell measurement quantities to be included in the measurement report.

	reportQuantityRS-Indexes
Indicates which measurement information per RS index the UE shall include in the measurement report.

	timeToTrigger
Time during which specific criteria for the event needs to be met in order to trigger a measurement report.

	ul-DelayValueConfig
If the field is present, the UE shall perform the actual PDCP queueing delay measurement per DRB as specified in TS 38.314 [53] and the UE shall ignore the fields reportQuantityCell and maxReportCells. The applicable values for the corresponding reportInterval are (one of the) {ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, ms20480, ms40960, min1,min6, min12, min30}. The reportInterval indicates the periodicity for performing and reporting of UL PDCP Delay per DRB measurement as specified in TS 38.314 [53].

	useT312
If value TRUE is configured, the UE shall use the timer T312 with the value t312 as specified in the corresponding measObjectNR. If value FALSE is configured, the timer T312 is considered as disabled. Network configures value TRUE only if reportType is set to eventTriggered.

	useWhiteCellList
Indicates whether only the cells included in the white-list of the associated measObject are applicable as specified in 5.5.4.1.



	CLI-EventTriggerConfig field descriptions

	i1-Threshold
Threshold value associated to the selected trigger quantity (e.g. SRS-RSRP, CLI-RSSI) to be used in CLI measurement report triggering condition for event i1.

	eventId
Choice of CLI event triggered reporting criteria.

	maxReportCLI
Max number of CLI measurement resource to include in the measurement report.

	reportAmount
Number of measurement reports.

	reportOnLeave
Indicates whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a CLI measurement resource in srsTriggeredList or rssiTriggeredList, as specified in 5.5.4.1.

	timeToTrigger
Time during which specific criteria for the event needs to be met in order to trigger a measurement report.



	CLI-PeriodicalReportConfig field descriptions

	maxReportCLI
Max number of CLI measurement resource to include in the measurement report.

	reportAmount
Number of measurement reports.

	reportQuantityCLI
The CLI measurement quantities to be included in the measurement report.




------------------------------------ end TP 3------------------------------------------------------------
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