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1. Introduction
In last meeting, RAN4 has spread general discussion around RRM aspects in ATG case. Around the mobility aspects, the following agreements were achieved in [1]:
	Issue 1-1: Mobility in RRC_IDLE/INACTIVE
[bookmark: _GoBack]Issue 2-1-1: Cell re-selection mechanism
Agreement:
· Do not introduce distance-based triggering as an additional condition for intra- and inter-frequency cell measurement as NTN
Issue 2-1-3: BS indication and UE capability for Cell re-selection requirement
· Proposal 1: The network indication of set1 or set2 requirements should be a new one that could be broadcasted in a different SIB (e.g., ATG specific SIB). The IE highSpeedMeasInterFreq-r17 in SIB4 should not be used for this purpose. 
· Proposal 2: UE supporting set2 requirements for ATG is an optional feature without capability signalling.
[bookmark: _Hlk143724297]Agreement:
The network indication of set1 or set2 requirements is up to RAN2.
UE supporting set2 requirements for ATG is an optional feature without capability signalling.

Issue 1-2: Mobility in RRC_CONNECTED
Issue 2-2-1: location-based CHO mechanism
Agreement:
· Introduce location-based CHO for ATG, reusing the procedure in R17 NTN for R18 ATG
Issue 2-2-2: Definition for distance threshold
· Option 1:
· Revise the definition of distanceThreshFromReference1 to the distance from the serving cell reference location in two-dimensional direction. Besides, introduce new concept of distanceThreshFromReference1_ATG which present the distance threshold between UE and serving cell reference location . The value of distanceThreshFromReference1_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference1, distanceThreshFromReference1_ATG = ,  H is the altitude of UE.
· Revise the definition of distanceThreshFromReference2 to the distance from the neighbour cell reference location in two-dimensional direction. Besides, introduce new concepts of distanceThreshFromReference2_ATG which present the distance threshold between UE and neighbour cell reference location . The value of distanceThreshFromReference2_ATG could be calculated by UE through it’s real-time height and distanceThreshFromReference2. distanceThreshFromReference2_ATG = , H is the altitude of UE.
Agreement:
Reuse the existing definition of distanceThreshFromReference1 of NTN


Great progress was achieved during previous meetings. Until right now, basically all relevant issues have been identified. A remarkable enhancement in terms of phase antenna array for band n79 was well discussed and achieve some agreements. During last meeting, such enhancement only focus on the impacts on RRM measurement and L1 measurement since of time limited. After some further consideration, it seems that such enhancement due to the phase antenna array assumption at band n79 can be also considered in the mobility requirements, such as handover, RRC re-establishment and RRC connection Release with redirection. In this document, we provide our further consideration.
Additionally, we submit the relevant draft CR in this meeting to capture the possible update based on the endorsed big CR in last meeting.
2. Discussion
It seems that not any remaining issues left for IDLE/INACTIVE mobility. So we pay attention to the mobility requirements for CONNECTED.
It is approved that for band n79, to guarantee enough coverage at ATG scenario, the antenna of UE is assumed as phase antenna array, not omni-antenna any longer. So the wide beam is applied even this is in FR1. To ensure the signal reception from different cells via different Rx beam, the beam scaling factor N is introduced for the case of phase antenna array assumption at UE, a similar logic as that in legacy FR2 TN deployment. As a result, the following agreements were approved in last meeting regarding the L3 measurements:
	Agreement: 
· Recommend RAN2 to introduce network assistance on neighbor ATG cells reference locations similar to NTN assistance framework
· Do not introduce scaling factor N and the existing measurement requirements can be reused for ATG UEs [with omnidirectional antennas]
· Introduce scaling factor N for L3 measurements for ATG UEs with [antenna arrays]
· N = 3 for the case when network assistance on ATG cells reference locations is provided
· N = 4 otherwise
· FFS if any additional UE capability is needed for ATG UEs with [antenna arrays]
· Note: the terms for UE types need to be further aligned with RF session


Overview the whole RRM mobility, besides RRM measurement defined in measurement procedure, actually UE still needs to perform RRM measurement during multiple mobility procedures, including handover, RRC re-establishment and RRC connection Release with redirection. So the enhancement of N cased by phase antenna array assumption should also be applied to the RRM measurements during such procedures. However it is hard to totally copy the enhancement of N defined in measurement procedure, since the to-be-measured target cell is some specific cell. So to our understanding, some adaptive modification on N is needed. We analysis all these referred procedures one by one.
The impact on handover
For handover, when the target cell is unknown, UE needs to perform measurement on the target cell so as to search the cell, so Tsearch is not 0, but Tsearch = Trs ms or Tsearch = 3* Trs ms in legacy FR1 TN. For ATG deployment, if omni-antenna is assumed, directly reuse the existing Tsearch is fine. While under the assumption of phase antenna array, UE perform cell search with directional antenna, regarding the exact requirement of Tsearch, is should be updated to Tsearch = N*Trs ms or Tsearch = 3N*Trs ms we believe two cases should be considered similar as when we discuss the RRM measurement.
·  If the NW assistance on target cell reference location is provided to UE
By beam steering, UE can search the target cell without Rx beam sweeping, so N = 1.
· Otherwise,
Since of no beam info, so beam sweeping is needed during UE searches the target cell. However due to the airplane flight route, the beam oriented to the target cell is different from the beam oriented to the current cell, so whether N = 4 or N can be reduced to 3(the beam used to current cell is excluded from the total 4), it is need to decide. From the perspective of UE operation, we prefer N = 3, while we are open to hear companies’ opinion.
Proposal 1: The consideration of phase array antenna should be extended to the requirement of Tsearch of unknown case during handover, i.e. Tsearch = N*Trs ms or Tsearch = 3N*Trs ms. 
· If [omnidirectional antennas] is assumed at UE, N = 1; 
· If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 1;
-  Otherwise, N = [3 or 4].
The impact on RRC re-establishment
Referring to the requirement of RRC re-establishment, similar as the handover procedure, the impact of UE antenna assumption should be considered. During the RRC re-establishment, both intra-frequency and inter-frequency cell identification are possible to be involved in. For the intra-frequency cell identification, UE search multiple cells of the intra-frequency, which cell would be identified on earth, it is subject to UE implementation. It is more reliable to also consider the cell identification for the current serving cell. So referring to the N for intra-frequency cell identification, we have the following suggestion:
For intra-frequency cell identification:
· If [omnidirectional antennas] is assumed at UE, N = 1.
· If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 3;
-  Otherwise, N = [3 or 4].
Considering inter-frequency cell identification, of course no need to consider current serving cell, so the following is suggested by us:
For inter-frequency cell identification:
· If [omnidirectional antennas] is assumed at UE, N = 1.
· If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 2;
-  Otherwise, N = [3 or 4].
Correspondingly, the requirements can be as below(the update is highlighted in blue):
Table 6.2X.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x N2 x TSMTC)
	MAX (800 ms, 10 x N2 x TSMTC)

	< -8
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.
Note 2:     If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 3;
-  Otherwise, N = [3 or 4].



Table 6.2X.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	FR of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x N2 x TSMTC, i)
	MAX (800 ms, 13 x N2 x TSMTC, i)

	< -8
	FR1
	N/A
	[bookmark: _Hlk521492632]800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.
Note 2:     If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 2;
-  Otherwise, N = [3 or 4].



Proposal 2: The consideration of phase array antenna should be extended to the requirement of Tidentify_intra_NR and Tidentify_inter_NR, i within RRC re-establishment as:
Table 6.2X.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x N2 x TSMTC)
	MAX (800 ms, 10 x N2 x TSMTC)

	< -8
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.
Note 2:     If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 3;
-  Otherwise, N = [3 or 4].



Table 6.2X.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	FR of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x N2 x TSMTC, i)
	MAX (800 ms, 13 x N2 x TSMTC, i)

	< -8
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.
Note 2:     If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 2;
-  Otherwise, N = [3 or 4].



The impact on RRC connection release with redirection to NR
Different from the procedure or RRC re-establishment, during RRC connection release with redirection to NR, one target frequency would be indicated to UE by NW, and the indicated target frequency must be different from the current frequency. So in fact only inter-frequency cell identification is performed during the RRC connection release with redirection, of course no need to consider the cell identification for current serving cell. Based on the analysis, the N is preferred:
· If [omnidirectional antennas] is assumed at UE, N = 1.
· If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 2;
-  Otherwise, N = [3 or 4].
The corresponding requirements is as below(the update is highlighted in blue):
Table 6.2X.3.2.1-1: Time to identify target NR cell for RRC connection release with redirection to NR
	FR of target NR cell
	Tidentify-NR

	FR1
	MAX (680 ms, 11 x N2 x Trs)

	Note 1:	If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the redirection command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
Note 2:   If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 2;
-  Otherwise, N = [3 or 4].


Proposal 3: The consideration of phase array antenna should be extended to the requirement of Tidentify-NR within RRC connection release with redirection to NR as below:
 Table 6.2X.3.2.1-1: Time to identify target NR cell for RRC connection release with redirection to NR
	FR of target NR cell
	Tidentify-NR

	FR1
	MAX (680 ms, 11 x N2 x Trs)

	Note 1:	If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the redirection command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
Note 2:   If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 2;
-  Otherwise, N = [3 or 4].



3. Conclusion
In this contribution, we have the following proposals for the consideration of RRM aspects for ATG system:
Proposal 1: The consideration of phase array antenna should be extended to the requirement of Tsearch of unknown case during handover, i.e. Tsearch = N*Trs ms or Tsearch = 3N*Trs ms. 
· If [omnidirectional antennas] is assumed at UE, N = 1; 
· If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 1;
-  Otherwise, N = [3 or 4].
Proposal 2: The consideration of phase array antenna should be extended to the requirement of Tidentify_intra_NR and Tidentify_inter_NR, i within RRC re-establishment as:
Table 6.2X.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x N2 x TSMTC)
	MAX (800 ms, 10 x N2 x TSMTC)

	< -8
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.
Note 2:     If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 3;
-  Otherwise, N = [3 or 4].



Table 6.2X.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	FR of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x N2 x TSMTC, i)
	MAX (800 ms, 13 x N2 x TSMTC, i)

	< -8
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.
Note 2:     If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 2;
-  Otherwise, N = [3 or 4].


Proposal 3: The consideration of phase array antenna should be extended to the requirement of Tidentify-NR within RRC connection release with redirection to NR as below:
 Table 6.2X.3.2.1-1: Time to identify target NR cell for RRC connection release with redirection to NR
	FR of target NR cell
	Tidentify-NR

	FR1
	MAX (680 ms, 11 x N2 x Trs)

	Note 1:	If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the redirection command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.
Note 2:   If [omnidirectional antennas] is assumed at UE, N = 1.
If [Phase antenna array] is assumed at UE, 
-  When [network assistance on ATG cells reference location] of the target cell is provided to UE, N = 2;
-  Otherwise, N = [3 or 4].
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