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Introduction
RRM requirements for NTN in Ka band are discussed in RAN4#109, and the outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed. 
· UL timing requirements
· Measurement and mobility requirements
· Impact of PUSCH DMRS bundling
 In this paper we will provide our views on RRM requirements for NTN in Ka band.
Discussion
UL timing requirements
	Issue 1-3: Further relaxation of Te_NTN for PRACH
No agreement


In our view, same requirements should apply for all UL channels and signals because TA is included in the reference time. The actual TA is up to NW, and an accurate TA does not mean UE is expected to meet a more tightened requirement. 
	The UE shall meet the Te_NTN requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. and the UE has a validity time running for NTA,common  and  NTA,UE-specific. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus .


Proposal 1: Define same Te_NTN for all UL channels (no further relaxation for PRACH).
	Issue 1-6: Te_NTN for 60kHz and 120kHz
[bookmark: _Hlk151008787]Agreement:
· UL 60kHz SCS:
· 13 Ts for all cases with 120kHz/240kHz SSB
· UL 120kHz SCS:
· Case 1 and case 2: 7.5 Ts
· FFS for the applicable side condition on case 2
· Case 3: Higher than 7.5 Ts, FFS for the exact value



For Case 3 and UL SCS 120kHz, we suggest to define Te_NTN as 12 Ts. This is based on X = 40m and Y= 10m. The main difference between Case 1/2 and Case 3 is that UE is mobile, and this will heavily impact the GNSS performance. According to 38.171, allowed GNSS accuracy for mobile UE is 50m. In ATG WI, the GNSS error is assumed to be 40m. We suggest to use X=40m as the baseline assumption for Case 3.
Defining Te_NTN as 12 Ts means the timing error observed by the gNB may exceed CP/2, and this may impact the UL demodulation performance. This is not optimal, but we believe this is still acceptable in order to support mobile UEs with 120kHz SCS. Otherwise, mobile UEs can only use 60kHz SCS. While 60kHz SCS can tolerate larger timing error, it is more vulnerable to frequency and phase error which is a more sever issue for NTN operation in Ka band.
One related open issue from last meeting is the UE capability to differentiate fixed and mobile UE. In last meeting in RF session it is agreed to define UE capability to distinguish fixed or mobile UE. However, we understand the RF capability is mainly from spectrum regulation perspective for FSS and MSS service, and it may not reflect whether the UE is really moving or not. We suggest to define a separate capability dedicated for timing requirements, i.e. whether UE can meet the timing requirements of 7.5 Ts (enhanced) or 12 Ts (basic). In this way, a UE that is only allowed for MSS service can also indicate it can meet the 7.5 Ts timing error. gNB can use this capability to adapt the UL scheduling/configuration.
Proposal 2: For Case 3 and UL SCS 120kHz, define Te_NTN as 12 Ts.
Proposal 3: Define a separate capability to distinguish UE that can meet the enhanced timing requirement (7.5 Ts) or the basic timing requirement (12 Ts).
The text proposal for the new UE capability is provided in Annex. Besides, RAN1 also asked RAN4 to the timing requirements for supporting NR over NTN in bands defined by FR2-NTN [2].
	RAN1 have had discussion on the topic over the past meetings and have reached a number of agreements, but some topics are still under consideration. The topics still under consideration are mainly related to the timing requirements associated to operation in bands defined by FR2-NTN. To help RAN1 progressing on the topic, it would be appreciated if RAN4 could provide the timing requirements for supporting NR over NTN in bands defined by FR2-NTN.


We provided a draft response in Annex based on our Proposal 2 and 3.
	Issue 1-7: NTA-offset
Agreement:
· RAN4 to define the exact value of NTA,offset for NR NTN band above 10 GHz.
· Option 1: the value of NTA-offset defined in Table 7.1.2-2 for FR2
· Other options are not precluded.


For NTA-offset, we suggest to define it as zero.
NTN operation in Ka band is FDD while TN operation in FR2 is TDD, so there is no need to reserve non-zero NTA-offset for NTN. For FDD TN the non-zero NTA-offset is for possible FDD-TDD CA, which is not applicable for NTN. 
Proposal 4: NTA,offset for NR NTN band above 10 GHz is zero.
	Issue 1-11: Additional enhancements
FFS:
· Ask RAN1 to introduce a mechanism to allow the NW to inform the UE that the UE pre compensation is below the required level. UEs in this situation shall not be capable of transmitting, until they fix their time pre-compensation.
· If the UE updates its GNSS position, and difference between the TA calculated using UE new and old positions is above the UL Transmit Timing inaccuracy, UE shall perform a new RACH.


We do not support the first enhancement. In our view, this can be left to NW implementation. When gNB finds out that the received timing error is beyond CP/2, gNB can still schedule the UE with lower MCS, and there is no need to completely stop the UL. When the timing error is too large and is intolerable, gNB can stop scheduling the UE. We do not see strong need to specify the UE behaviour for this scenario.
We also do not support the second enhancement, but we acknowledge the issue identified. There could be “timing jump” when a GNSS fix is performed, and this may invalidate the close loop TA maintained by gNB. However, the proposed enhancement could result at too many RAs since UE may perform GNSS fix at seconds level, and it may cause large signalling overhead and congestion. 
To resolve the “timing jump” due to GNSS fix, we suggest to adopt the “one-shot” timing adjustment as defined specified for FR2 HST. When the UL timing change before and after GNSS fix exceeds a threshold, UE should adjust the UL timing such that the received timing at gNB remain unchanged, and then perform gradual timing adjustment. We believe the “timing jump” issue is similar for NTN and FR2 HST scenario. 
Proposal 5: RAN4 to specify “one-shot” timing adjustment (as defined specified for FR2 HST) for timing change caused by GNSS fix in NTN operation in Ka band.
Measurement and mobility requirements
	Issue 2-7: Measurement gap
Agreement:
· Companies are encouraged to discuss the per FR and per gap pattern capability aspects. 


RAN4 has agreed that MG pattern 12-23 are used for NTN operation in Ka band, and the question is whether UE needs to support per-FR gap capability. We do not think the dependency is needed.
Based on the following MG applicability for TN, it can be seen that when per-UE gap is used, when serving cell and measurement target are both in FR2, the applicable MG pattern are 12-23. The same principle can be used for NTN in Ka band.
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	
	FR1 NOTE5, or
FR1 + FR2
	non-NR RAT NOTE3,6
	0,1,2,3

	
	
	FR1 and/or FR2 NOTE 8,9
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6,8,9
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	Per-UE measurement 
	FR2 NOTE5
	non-NR RAT only 
NOTE3,6
	0,1,2,3

	gap
	
	FR1 only NOTE 8.9
	0-11, 24, 25

	
	
	FR1 and FR2 NOTE 8,9
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6,8,9
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	
	
	FR2 only NOTE 8,9
	12-25


Proposal 6: Application of gap pattern 12-23 does not require UE to support per-FR gap. 
	[bookmark: _Hlk147841552]Issue 2-13: UE capability
FFS
· The following UE capabilities introduced in Rel-17 NR NTN are not applicable for NR NTN band above 10GHz:
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17
· Note: Support of simultaneously measurements on target cells belonging to different NGSO satellites within a SMTC
· parallelMeasurementWithoutRestriction-r17 are not applicable
· Note: Support of measurements on cells belonging to different satellite as the serving cell in parallel with normal operation (i.e. data/control transmission and/or reception, and L1 measurements) of serving cell without scheduling restrictions. The feature is applicable only when the serving satellite is NGSO. If the serving cell belongs to GSO satellite, the scheduling restriction is not applied on the premise that a mixed type of satellites on the same frequency layer is not supported in this release (Rel-17).
· parallelSMTC-r17
· Note: Support of measurements on target cells belonging to 4 SMTC-s on a single frequency carrier
· Note: As per RP-232694 approved in RAN#101, inter-satellite measurements are not assumed in Rel-18.
· maxNumber-LEO-SatellitesPerCarrier-r17
· Note: On serving carrier, it indicates the number of target LEO satellites the UE can monitor per carrier including serving satellite
· Note: On non-serving carrier, it indicates the number of target LEO satellites the UE can monitor per carrier.
· Note: As per RP-232694 approved in RAN#101, inter-satellite measurements are not assumed in Rel-18.
· TBD on [parallelMeasurementGap-r17]
· Note: Support of 2 measurement gaps
· Note: the capability directly means neither ‘parallel/simultaneous measurement’ nor ‘inter-satellite measurement.’


For the R17 NTN capability introduced by RAN4, we suggest to distinguish if they are functional or purely performance related. 
In our view, the following capabilities are functional. 
· parallelMeasurementWithoutRestriction-r17
· parallelSMTC-r17
· parallelMeasurementGap-r17
Although the RRM requirements do not consider inter-satellite measurement, it does not mean in real deployment NW will not configure inter-satellite measurement. The above capabilities will impact the NW configuration or the data scheduling after the configuration, so we believe they still apply to FR2-NTN.
The other capabilities are purely performance related for inter-satellite measurement. Since there is no requirement, they should not apply for FR2-NTN.
Proposal 7: For R17 NTN specific UE capabilities,
· The following are applicable for Ka band
· parallelMeasurementWithoutRestriction-r17
· parallelSMTC-r17
· parallelMeasurementGap-r17
· The following are not applicable for Ka band
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17
· maxNumber-LEO-SatellitesPerCarrier-r17
· Inform above to RAN2 in the feature list.
Impact of PUSCH DMRS bundling
	Issue 1-12: Applicability of UL timing requirements for PUSCH DMRS bundling
FFS:
· For NTN-specific PUSCH DMRS bundling, update the applicability of the timing requirements such that the requirements apply only for the first slot within the TDW.


It is noted that the issue is not related to FR2-NTN but to the coverage enhancement objective. 
In last meeting, we proposed to update the applicability of the timing requirements such that the requirements apply only for the first slot within the TDW. The proposal is based on RAN1 WA that UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit. 
If we update the timing requirement applicability, it means UE may or may not perform timing pre-compensation for the other UL transmissions during the TDW. After further checking, we find it may cause some issue to the NW side because the NW reception would be different depending on whether UE did the timing pre-compensation or not, so UE and NW should have common understanding on the UE behaviour.
Our suggestion is to clarify that UE will perform timing pre-compensation for all the UL transmissions in the TDW. Compared to the other UE behaviour (UE will not perform timing pre-compensation for the other UL transmissions than the first slot of the TDW), it will simplify the NW implementation in that the TN implementation for DMRS bundling can be re-used. Moreover, it will provide better performance since the time gap between the TDWs (due to large UL timing change) can be avoided. 
Proposal 8: RAN4 to clarify that UE will perform timing pre-compensation for all the UL transmissions in the TDW for PUSCH DMRS bundling.
Conclusions
In this paper we provided our views on RRM requirements for NTN in Ka band.
Proposal 1: Define same Te_NTN for all UL channels (no further relaxation for PRACH).
Proposal 2: For Case 3 and UL SCS 120kHz, define Te_NTN as 12 Ts.
Proposal 3: Define a separate capability to distinguish UE that can meet the enhanced timing requirement (7.5 Ts) or the basic timing requirement (12 Ts).
Proposal 4: NTA,offset for NR NTN band above 10 GHz is zero.
Proposal 5: RAN4 to specify “one-shot” timing adjustment (as defined specified for FR2 HST) for timing change caused by GNSS fix in NTN operation in Ka band.
Proposal 6: Application of gap pattern 12-23 does not require UE to support per-FR gap. 
Proposal 7: For R17 NTN specific UE capabilities,
· The following are applicable for Ka band
· parallelMeasurementWithoutRestriction-r17
· parallelSMTC-r17
· parallelMeasurementGap-r17
· The following are not applicable for Ka band
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17
· maxNumber-LEO-SatellitesPerCarrier-r17
· Inform above to RAN2 in the feature list.
Proposal 8: RAN4 to clarify that UE will perform timing pre-compensation for all the UL transmissions in the TDW for PUSCH DMRS bundling.
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1. Overall Description:
RAN4 thanks RAN1 for the LS R1-2312553. RAN4 discussed the UL timing requirements for NTN in FR2-NTN, and agreed the following requirements. 

Table 7.1C.2-2: Te_NTN Timing Error Limit for VSAT supporting enhanced timing requirements served by GSO or NGSO
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	FR2-NTN
	120
	60
	13*64*Tc

	
	
	120
	7.5*64*Tc

	
	240
	60
	13*64*Tc

	
	
	120
	7.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
Note 2: 	For VSAT served by NGSO, the requirements apply provided if the VSAT [is fixed].  
Note 3: 	Whether a VSAT supports enhanced timing requirements is indicated via capability [TBD]. A [fixed] VSAT shall always indicate support of enhanced timing requirements.  



Table 7.1C.2-3: Te_NTN Timing Error Limit for VSAT not supporting enhanced timing requirements served by GSO
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	FR2-NTN
	120
	60
	13*64*Tc

	
	
	120
	[12]*64*Tc

	
	240
	60
	13*64*Tc

	
	
	120
	[12]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
Note 2: 	Whether a VSAT supports enhanced timing requirements is indicated via capability [TBD].  



RAN4 respectfully asks RAN1 to take the above information into account in their future work for NTN operation in FR2-NTN.

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in their future work for NTN operation in FR2-NTN

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #110-bis			Apr 15 – Apr 19, 2024	         TBD, China
RAN WG4 Meeting #111			    May 20 – May 24, 2024	         Fukuoka, Japan
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Annex: TP for UE feature list 
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	40-x
	Enhanced UL timing requirements
	Support of enhanced UL timing requirements for UL SCS 120kHz as defined in Table 7.1C.2-2 of TS 38.133. 
	40-1
	Yes
	No
	UE can only meet the normal UL timing requirements for UL SCS 120kHz as defined in Table 7.1C.2-3 of TS 38.133. 
	Per UE
	N.A
	N.A
	N.A
	A VSAT indicating ‘fixed’ in 40-1 shall always indicate support of enhanced timing requirements.
	Optional with capability signalling 



