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Introduction
RRM impacts for NTN enhancements are discussed in RAN4#106 and the outcomes are captured in [1]. Based on [1] the following issues need to be further discussed.
· NTN in above 10GHz
· NW verified UE location
· Mobility enhancements
In this paper we will provide our views on RRM impacts for NTN enhancements.
Discussion
NTN in above 10GHz
In Rel-17 NTN RRM requirements are defined based on band n255 and n256, both in FR1.
Table 5.2.2-1: NTN satellite bands in FR1
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.


In Rel-18, RF session is studying the example bands for NTN above 10GHz. The frequency range for Ka band was agreed last meeting, and the DL is in the range of 17.3-20.2GHz, and UL 27.5-30GHz. The range is in or close to FR2 range for TN, and we understand RAN4 needs to define or update RRM requirements for NTN for it.
Comparing TN RRM requirements for FR1 and FR2, the most outstanding difference is the use of Rx beam and more specifically for RRM, the consideration on Rx beam sweeping in measurements and mobility requirements. We think Rx beam sweeping also needs to be assumed for NTN in Ka bands. In last meeting some companies mentioned that for NGSO scenario the sweeping factor of 8 as in TN may result at long measurement delay and cause mobility issue. We think the concern is valid and we are open to discuss the sweeping factor, also considering different implementation options, e.g. phase antenna array or dish antenna.
Another difference is the SCS. RF session has agreed 60 and 120kHz SCS for NTN above 10GHz. Some RRM requirements such as timing need to account for the new SCS. In last meeting, some companies mentioned that if we follow the existing assumption for GNSS error and satellite propagation error as Rel-17, it is difficult to define meaningful Te requirements for NTN above 10GHz with smaller CP. We think the concern is valid, and we are open to discuss e.g. new assumption on GNSS and propagation errors.
When defining the requirements for NTN above 10GHz, other than above two aspects, existing requirements for FR1 can be used as baseline. For example, handling of t-Service, multiple satellites (SMTC and Doppler) can be re-used. The existing side condition can be also re-used as a starting point.
Proposal 1: RAN4 to define RRM requirements for NTN in above 10GHz bands. Existing requirements for FR1 are used as baseline, and at least following aspects are considered
· Rx beam sweeping are to be considered in measurement and mobility requirements
· New timing requirements are defined based on 60/120kHz SCS
	· Whether/How to define RRM requirements for mobility within NTN-Ka bands and between FR1/FR2 and NTN-Ka bands will be discussed under sub-AI of “NR-NTN deployment in above 10 GHz bands” if needed.


Another issue discussed last meeting is whether and how to define RRM requirements for mobility within NTN-Ka bands and between FR1/FR2 and NTN-Ka bands. In our view, RRM requirements for mobility within NTN-Ka bands should be defined. For use cases as ESIM, the NTN UE may be mounted on vehicles or aircrafts thus be moving, and mobility within Ka band should be guaranteed.  
On the other hand, we do not see strong need to define RRM requirements for mobility between NTN Ka band and FR1 NTN. The scenario is a VSAT UE accessing FR1. Although this is not precluded, we do not think it is a typical use case and we suggest to de-prioritize it at least in Rel-18 and focus on making basic functionalities for NTN in Ka band, such as beam sweeping and Tx timing, working. On the mobility between NTN in Ka band and TN in FR1 or FR2, we also do not see the need to define requirements, as we do not see clear use case for a VAST UE to access TN. We are open to consider it in future releases if valid use cases are identified.
Proposal 2: For NTN in Ka band,
· Define requirements for mobility within NTN Ka band
· Do not define requirements for mobility between NTN Ka band and NTN FR1
· Do not define requirements for mobility between NTN Ka band and TN in FR1 or FR2
NW verified UE location
RAN#98 approved inclusion of NW verified UE location as an additional objective. The objective is to enable multi-RTT positioning with a single satellite, and in our view, from RAN4 RRM perspective, RAN4 needs to define requirements for delay and accuracy requirements for UE Rx-Tx measurement.
Existing TN requirements can be used as baseline. Of course, some specifics for NTN can be discussed and may need to be based on RAN1 inputs, e.g. the positioning is based on a single moving satellite, so the interval between two measurements may need to be controlled. The measurement sample and processing capability also need to be discussed in RAN1 first. In last meeting, some companies raised the issue of HO, and we think it is a valid issue and are open to discuss further.
RAN4 may also need to discuss the side condition for NTN positioning. Based on our evaluation, the Es/Iot for DL measurement will be above 0dB, but we are open to further discussions.
Proposal 3: RAN4 to define measurement period and accuracy requirements for UE Rx-Tx measurement. 
· Existing TN requirements can be used as baseline.
· NTN specific aspects can be further discussed based on RAN1 progress
· Side condition is FFS
Another area RAN4 needs to pay attention is the report mapping for UE and gNB Rx-Tx. In current spec, the reporting range is from -0.5ms to +0.5ms. This is sufficient for TN positioning, but for NTN the distance between UE and TRP (satellite) is quite large. RAN1 is discussing how to define the measurement report to enable LMF to know the distance between UE and satellite. RAN4 should wait for RAN1 conclusion before discussing whether to update UE/gNB Rx-Tx report mapping.
Proposal 4: RAN4 waits for RAN1 conclusion on whether updates to UE/gNB Rx-Tx report mapping.
Mobility enhancements
Cell reselection for earth moving cell
RAN2 has been discussing enhancements for cell reselection for earth moving cell, and the following agreements are made in last RAN2.
Agreements:
1. In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
2. A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
3. For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell

Agreements:
1. For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold. 
In Rel-17 RAN4 has defined location based cell reselection measurement requirements for earth fixed cell:
	If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 m. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.


Since RAN2 agreed that the location-based cell measurement rules of quasi-fixed cell is reused for earth moving cell, the requirements of earth fixed cell can also be re-used.
Proposal 5: Location based cell reselection measurement requirements for earth fixed cell are re-used for earth moving cell.
NTN-TN cell reselection
Another sub-objective is to specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption. RAN2 has agreed to introduce means for a UE to differentiate when camping in an area only covered by NTN network, and that UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
Following agreements are made in last RAN2 meeting.
Agreements:
1. TN coverage area information will be associated to the frequency information.
2. RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion, taking the signalling overhead into account (FFS on the accuracy of the information):
	Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.
	Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
	Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.
Agreements:
1. As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
2. Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC)
Agreements:
1. We don’t introduce additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17 
[bookmark: _GoBack]Based on current requirements, UE should measure a TN carrier based on configuration. If RAN2 agrees on the exact mechanisms to skip TN measurements, we believe it can be captured in either RAN2 or RAN4 spec. If it is captured in RAN2 spec, e.g. UE is not required to measure a TN carrier under certain condition, it then may not impact RAN4 requirements which are defined for carriers that UE needs to measure. Anyway, RAN4 can to discuss possible RRM impacts of TN-NTN cell reselection enhancements when there are enough progresses in RAN2 related to UE measurement behaviour.
Proposal 6: RAN4 to discuss possible RRM impacts of TN-NTN cell reselection enhancements when there are enough progresses in RAN2 related to UE measurement behavior.
HO enhancements
There are several HO related enhancements being discussed in RAN2.
One enhancement is group HO, the mechanism of which is not very clear so far. One possible mechanism discussed in last RAN2 meeting is as follows.
Agreements:
1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.
In this mechanism, some common HO configurations will be broadcasted or groupcasted. In our view, the main motivation of this mechanism is to save signalling overhead for HO command which is now with dedicated signalling. This mechanism may not have RAN4 impact if the HO procedure is not change but only HO command signalling size is reduced. Since the mechanism itself is not very clear and has not been agreed, we suggest RAN4 to wait for further agreements from RAN2 on group HO. 
Proposal 7: RAN4 to wait for further RAN2 agreements on group HO before discussing possible impacts on RAN4 requirements.
Another enhancement is satellite switching without PCI change. Following working assumption is made in last RAN2 meeting.
Working Assumption: 
1. In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported. 

RAN4 should define requirements for this enhancement. In our view, the mechanism is similar to HO except that the source cell and target cell are with same PCI. UE still needs to perform internal processing, cell search, fine time tracking and wait for the PRACH resource. In this sense, the HO requirements can be re-used as starting point, and RAN4 can further discuss if any adaptation is needed.
Proposal 8: RAN4 to define requirements for satellite switching without PCI change. HO requirements can be re-used as starting point, FFS any adaptation is needed.
Another enhancement discussed in RAN2 is the RACH-less HO. RAN4 has discussed the applicability of Tx timing requirements in RACH-less HO scenario, and RAN2 has agreed to introduce it in Rel-18.
Agreements:
1. Support RACH-less Handover in Rel-18.
2. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
3. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
4. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario

RAN2 agreed that LTE RACH-less HO procedure is used as baseline. Accordingly, we think the LTE RACH-less HO requirements can also be re-used as baseline. The related requirements from 36.133 are copied below.
	When the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink PUSCH channel within Dhandover seconds from the end of the last TTI containing the RRC command when UE is configured with RACH-less or combination of RACH-less and make-before-break handover.
Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the interruption time stated in clause 5.1.2.1.2.2 when UE is configured with RACH-less handover.
5.1.2.1.2.2	Interruption time for RACH-less handover
When intra-frequency or inter-frequency RACH-less handover is commanded, the interruption time shall be less than Tinterrupt
Tinterrupt = Tsearch + TIU + 20 ms
Where:
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.
-	TIU can be up to 10 ms if UL grant is configured in RRC command.
NOTE:	The actual value of TIU shall depend upon the UL grant configuration in RRC command.
-	TIU can be up to TUL_grant if UL grant is not configured in RRC command.
NOTE:	TUL_grant is the time required to acquire and process uplink grant from the target Pcell.
In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 8.1.2.2.1 for intra-frequency handover and Clause 8.1.2.3.1 for inter-frequency handover.


Compared to normal LTE HO, the change is in the definition of TIU. We suggest to follow the same approach to adapt existing NR NTN HO requirements for RACH-less HO.
Proposal 9: RAN4 to define requirements for RACH-less HO. Following the principle for LTE RACH-less HO, the definition of TIU should be updated.
Yet another enhancement is location based CHO for earth moving cell. Following agreements are made in last RAN2 meeting.
Agreements:
1. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location
In Rel-17, requirements for location based CHO are defined for earth fixed cell, where the location condition is defined based on UE’s distance to serving and candidate cell. As RAN2 is still discussing the mechanism for candidate cell’s distance determination, we suggest to wait for further RAN2 progress before discussing the exact requirements.
Proposal 10: RAN4 to wait for further RAN2 agreements on location based CHO for earth fixed cell before discussing the RAN4 requirements.
Conclusions
In this paper we provided our views on RRM impacts for NTN enhancements.
Proposal 1: RAN4 to define RRM requirements for NTN in above 10GHz bands. Existing requirements for FR1 are used as baseline, and at least following aspects are considered
· Rx beam sweeping are to be considered in measurement and mobility requirements
· New timing requirements are defined based on 60/120kHz SCS
Proposal 2: For NTN in Ka band,
· Define requirements for mobility within NTN Ka band
· Do not define requirements for mobility between NTN Ka band and NTN FR1
· Do not define requirements for mobility between NTN Ka band and TN in FR1 or FR2
Proposal 3: RAN4 to define measurement period and accuracy requirements for UE Rx-Tx measurement. 
· Existing TN requirements can be used as baseline.
· NTN specific aspects can be further discussed based on RAN1 progress
· Side condition is FFS
Proposal 4: RAN4 waits for RAN1 conclusion on whether updates to UE/gNB Rx-Tx report mapping.
Proposal 5: Location based cell reselection measurement requirements for earth fixed cell are re-used for earth moving cell.
Proposal 6: RAN4 to discuss possible RRM impacts of TN-NTN cell reselection enhancements when there are enough progresses in RAN2 related to UE measurement behavior.
Proposal 7: RAN4 to wait for further RAN2 agreements on group HO before discussing possible impacts on RAN4 requirements.
Proposal 8: RAN4 to define requirements for satellite switching without PCI change. HO requirements can be re-used as starting point, FFS any adaptation is needed.
Proposal 9: RAN4 to define requirements for RACH-less HO. Following the principle for LTE RACH-less HO, the definition of TIU should be updated.
Proposal 10: RAN4 to wait for further RAN2 agreements on location based CHO for earth fixed cell before discussing the RAN4 requirements.
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