[bookmark: _Hlk41145946]3GPP TSG-RAN WG4 Meeting # 106      		R4-2300780
Athens, GR, Feb 27 - Mar 03, 2023

Agenda Item:	9.13.4.2
[bookmark: _Hlk41145958]Source: 	CMCC
[bookmark: _Hlk41145953][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Title: 			 Discussion on RRM mobility requirements for ATG
Document for:	Discussion
1. Introduction
In RAN4#105 meeting, ATG RRM mobility solutions and requirements were discussed, the WF has been approved in [1]. In this contribution, we continue the discussion about RRM impaction on mobility requirements for ATG.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Mobility
2.1. Mobility in RRC_IDLE/INACTIVE 
Issue 2-1-1-2: Cell re-selection mechanism
Agreements:
· Use legacy cell-reselection rules and the procedures as baseline for ATG cell re-selection mechanism.
· FFS whether additional enhanced cell re-selection mechanisms shall be considered (e.g., location, distance, speed, based).
· FFS: The UE is allowed to not measure on the neighbour cell measurements based on the distance. Details are FFS.
For the first sub-bullet, we think distance-based cell re-selection method can be considered in ATG. The method can refer to R17 NTN solution, we take inter-frequency as an example, and copy it as follows:
	If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause TBD.
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


We think similar methodology can be applied in ATG network. On one hand, the PL variation around the cell edge is not obvious. Based on our calculation in [2], when the horizontal distance between UE and cell center is larger than 90km, the PL variation will smaller than 1dB every 10km, with the evaluation assumption of LOS scenario and ATG UE height 10km. On the other hand, it is feasible for ATG network to support the distance-based cell-reselection, since ATG UE is capable of GNSS, ATG BS could send the reference location by referenceLocation-r17 as defined in TS 38.331. If network sends BS location information and configures the distanceThresh value, then the distance-based cell re-selection should be applied, or the other way around. Network can perform the configuration according to the cell range.
Proposal 1: Introduce distance-based triggering as an additional condition for intra- and inter-frequency cell measurement, whether and how to configure the feature is up to network implementation
· If Srxlev > S(non)IntraSearchP and Squal > S(non)IntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter/intra-frequency layers of higher priority.
· If Srxlev ≤ S(non)IntraSearchP or Squal ≤ S(non)IntraSearchQ, 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/intra-frequency layers of higher, equal or lower priority in preparation for possible reselection
For the second FFS sub-bullet, we think it is the further relax for the first bullet of Proposal 1, which is 
· If Srxlev > S(non)IntraSearchP and Squal > S(non)IntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE is allowed to not measure on the neighbour cells.shall search for inter/intra-frequency layers of higher priority.
We don’t support this way. First, it is risky to only consider the distance/location condition, we could not exclude the scenario that the distance between UE and BS is smaller than threshold, while the signal quality is bad, it will cause network performance loss if UE don’t perform measurement in this scenario. Second, higher priority frequency layers measurement will be omitted with this solution. However, we think higher priority layers may also be applied in ATG network, in order to avoid interference from ground-based base station. It is important to guarantee that UE could perform corresponding measurement for re-selecting to higher priority carrier. Last, we think ATG CPE doesn’t have power saving demand of measurement relaxation in this release.
Issue 2-1-2: Cell re-selection measurement requirements
· Option 1: Reuse the legacy R15 requirements on intra-frequency and inter-frequency measurement. (CATT, HW)
· Option 2: With the basic ISD assumption of [14]-200km, both legacy R15 cell-reselection requirement and HST cell-reselection requirement should be applied for ATG. (CMCC)
· Option 2-1: The UE capability should be introduced for ATG similar as NTN. (CMCC)
· Option 3: Postpone the discussion on cell-reselection requirement until more progress is reached on cell re-selection mechanism (Apple, ZTE)
In last meeting, RF session give the network layout as shown in figure 1.
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Figure 1. network layout for ATG
With such network layout assumption, we think there are two potential deployment methods. To be noted, deployment method 2 is applicable provided that the ‘blind area’ issue can be addressed by some design.
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Deployment Method 1 
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Deployment Method 2


Figure 2. Two potential deployment methods in ATG network
Here we consider S criteria will be met when the distance between the ATG UE and the cell center is larger than half of cell radius, and the UE speed is 1200km/h.

Table 1. The minimum ISD when using legacy R15 intra-frequency and inter-frequency measurement requirements
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Minimum cell radius (km)
	Minimum ISD (km)
Deployment 1
	Minimum ISD (km)
Deployment 2

	
	FR1
	
	
	
	
	

	0.32
	1
	11.52 x N1 x M2 (36 x N1 x M2)
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	11.52
	23.04
	34.56

	0.64
	
	17.92 x N1 (28 x N1)
	17.92x N1 (28 x N1)
	11.94
	23.88
	35.82

	1.28
	
	32 x N1 (25 x N1)
	32 x N1 (25 x N1)
	21.33
	42.66
	63.99

	2.56
	
	58.88 x N1 (23 x N1)
	58.88 x N1 (23 x N1)
	39.25
	78.5
	117.75


Table 2. The minimum ISD when using HST intra-frequency and inter-frequency measurement requirements
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tdetect,NR_Inter_HST [s] (number of DRX cycles)
	Minimum cell radius (km)
	Minimum ISD (km)
Deployment 1
	Minimum ISD (km)
Deployment 2

	0.32
	2.56 x M2 (8 x M2)
	[3.2 x M2 (10 x M2)] Note 1
	3.2
	6.4
	9.6

	0.64
	5.12 (8)
	[6.4 (10)]
	4.26
	8.52
	12.78

	1.28
	8.96 (7)
	[10.24 (8)]
	6.83
	13.66
	20.49

	2.56
	58.88 (23)
	58.88 (23)
	39.25
	78.5
	117.75


Generally, if the typical ISD assumption is larger than 117.75km, we think the legacy R15 cell-reselection requirement can be reused. While if the typical ISD assumption is smaller than 23km, then the HST cell-reselection requirements should be reused for ATG. Since the lower bound of ISD may be [14]km, we should also consider to reuse HST requirements for ATG. The UE capability should be introduced for ATG similar as NTN.
Observation 1: If the typical ISD assumption is larger than 117.75km, the legacy R15 cell-reselection requirement can be reused for ATG. While if the typical ISD assumption is smaller than 23km, the HST cell-reselection requirements should be reused for ATG.
Proposal 2: With the basic ISD assumption of [14]-200km, both legacy R15 cell-reselection requirement and HST cell-reselection requirement should be applied for ATG.
Proposal 3: The UE capability should be introduced for ATG similar as NTN.
Issue 2-1-3: SDT
· Option 1: RAN4 is not going to define ATG specific requirements.
· Option 2: SDT is supported for A2G in Rel-18, and SDT requirements for ATG is FFS. 
Since R18 is the first release for ATG, we are fine to consider SDT capability as low priority. Besides, we don’t see much demand for SDT transmission at current stage. Therefore, we support not to define ATG specific requirements in R18.
Proposal 4: For SDT, RAN4 is not going to define ATG specific requirements.
2.2. Mobility in RRC_CONNECTED 
Issue 2-2-1-2: NR Handover requirement
· For the unknown case
· Option 1: reusing legacy requirements (CATT (tolerable), CMCC, HW)
· Option 2: Not to define handover requirements for an unknown cell. (CATT (preferred), ZTE)
· Option 3: Postpone the discussion on hand over requirement until the hand over mechanism is concluded (Apple)
· Option 4: For handover to unknown target cell, Tsearch is FFS (Ericsson)
In last meeting, we had agreed that the legacy NR handover mechanism will be reused for ATG. In our view, although flight path fixed scenario is typical for ATG, there is no harm to also include unknown case to against the unpredictable changes in flight path. After our calculation, even UE with extreme high speed, it is still ok to reuse the legacy requirements (Tsearch = Trs for intra HO or Tsearch = 3*Trs for inter HO). 
Proposal 5: For the unknown case, reuse legacy NR intra-frequency HO and inter-frequency HO requirements.
Issue 2-2-2: Conditional Handover
· Option 1: Not to consider conditional handover for ATG UE at least in Rel-18 (CATT (preferred))
· Option 2: Introduce legacy CHO for ATG (CATT (tolerable), CMCC)
· Option 2-1: The legacy R16 CHO delay requirements can be reused. (CATT (tolerable), CMCC)
· Option 3: Introduce location-based CHO for ATG (CMCC, Apple, LGE)
· Option 3-1: The logic and signalling from R17 NTN could be reused, while the location-based CHO delay requirements should be revisited in ATG scenario. (CMCC)
· Option 3-2: reuse legacy CHO requirement framework (Apple)
· Option 4: CHO is supported for A2G in Rel-18, and CHO requirements for ATG is FFS. (Ericsson)
First of all, we support to introduce legacy CHO in ATG network. On one hand, under ATG large propagation delay scenario, CHO could improve network performance by decreasing handover failure. On the other hand, CHO configuration could be optimized in ATG scenario. For example, network could configure suitable candidate target cell(s) according to some assistance information, such as flight path information from OAM and so on, the signalling burden at network side and measurement workload at UE side can be both reduced. As for the CHO delay requirement in RAN4 RRM scope, we think the legacy R16 CHO requirement can be reused for ATG.
Proposal 6: Introduce legacy CHO for ATG, the legacy R16 CHO delay requirements can be reused.
In addition, we think the location-based CHO could be introduced in ATG network. On one hand, as depicted in Figure 2, the PL variation around cell edge is not obvious, when the horizontal distance between UE and cell center is larger than 90km, the PL variation will smaller than 1dB every 10km, with the assumption of ATG UE height 10km and LOS scenario. On the other hand, ATG UE could support location-based CHO since RAN4 have already agreed that ATG UE is capable of GNSS, and ATG BS could send the reference location by PositionVelocity-r17 as defined in TS 38.331. 
 
Figure 2. The passloss in ATG scenario with 10km UE height
We think the logic and signalling from R17 NTN could be reused, network should configure condEventD1 and an additional legacy RRM conditional measurement event to UE. As for the Location-based CHO delay requirement, the NTN CHO requirement (Section 6.1C.2.2 in 38.133) could not be reused to ATG, since the measurement in ATG don’t need to considering the NTN specific scaling factor.
Proposal 7: Introduce location-based CHO for ATG, the logic and signalling from R17 NTN could be reused, while the location-based CHO delay requirements should be revisited in ATG scenario.
Issue 2-2-3: SA: RRC Re-establishment
Way forward:
· Reuse the legacy requirement structure and definitions. Further discuss Tidentify_intra_NR and Tidentify_inter_NR in ATG condition.
For Tidentify_intra_NR and Tidentify_inter_NR, if UE could mitigate different doppler shift from intra/inter-frequency cells, the legacy requirement can be reused. We assume ATG CPE have such capability, since CPE is more powerful than smart phone. 
Proposal 8: Reuse the current definitions/requirements on Tidentify_intra_NR and Tidentify_inter_NR. 
Issue 2-2-5: SA: RRC Connection Release with Redirection
Way forward:
· Reuse the legacy requirement structure and definitions. Further discuss Tidentify-NR.
Similar analysis as RRC Re-establishment requirement, if UE could mitigate different doppler shift from target cells, we think the legacy Tidentify-NR and total delay requirement can be reused. We copy the definition of Tidentify-NR as information:
	Tidentify-NR: It is the time to identify the target NR cell and depends on the FR of the target NR cell. It is defined in Table 6.2.3.2.1-1. Note that Tidentify-NR = TPSS/SSS-sync + Tmeas, in which TPSS/SSS-sync is the cell search time and Tmeas is the measurement time due to cell selection criteria evaluation.


Proposal 9: Reuse the current definitions/requirements on Tidentify-NR. 
3. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Proposal 1: Introduce distance-based triggering as an additional condition for intra- and inter-frequency cell measurement, whether and how to configure the feature is up to network implementation
· If Srxlev > S(non)IntraSearchP and Squal > S(non)IntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter/intra-frequency layers of higher priority.
· If Srxlev ≤ S(non)IntraSearchP or Squal ≤ S(non)IntraSearchQ, 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/intra-frequency layers of higher, equal or lower priority in preparation for possible reselection
Observation 1: If the typical ISD assumption is larger than 117.75km, the legacy R15 cell-reselection requirement can be reused for ATG. While if the typical ISD assumption is smaller than 23km, the HST cell-reselection requirements should be reused for ATG.
Proposal 2: With the basic ISD assumption of [14]-200km, both legacy R15 cell-reselection requirement and HST cell-reselection requirement should be applied for ATG.
Proposal 3: The UE capability should be introduced for ATG similar as NTN.
Proposal 4: For SDT, RAN4 is not going to define ATG specific requirements.
Proposal 5: For the unknown case, reuse legacy NR intra-frequency HO and inter-frequency HO requirements.
Proposal 6: Introduce legacy CHO for ATG, the legacy R16 CHO delay requirements can be reused.
Proposal 7: Introduce location-based CHO for ATG, the logic and signalling from R17 NTN could be reused, while the location-based CHO delay requirements should be revisited in ATG scenario.
Proposal 8: Reuse the current definitions/requirements on Tidentify_intra_NR and Tidentify_inter_NR. 
Proposal 9: Reuse the current definitions/requirements on Tidentify-NR. 
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