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1. Introduction
A new Rel-18 WI to support NR Air-to-ground (ATG) network for NR was approved in [1] and further revised in [2]. The RRM impacts were initially discussed with status captured in WF [3]. In this paper, we further provide our views on remaining issues.
2. Discussion
2.1 General
In last meeting, some high level principles were agreed as guidance for the WI which is shown as follows:
	[bookmark: _Hlk70326378]Issue 1-1-1: Scenarios to be considered for ATG RRM
· FR2 related requirements, CA/DC related requirements and inter-RAT measurement related requirements are not applicable to R18 ATG. 
· Both intra-frequency and inter-frequency measurement requirements need to be defined.
Issue 1-2-1: Impaction on TS38.133 Section 3: Definitions, symbols and abbreviations
· ATG terminologies need to be introduced. 
· FFS on ATG bands table based on input from RF session.
Issue 1-2-2: TDD impaction
· Option 1: FFS, RAN4 needs to study impact on TDD band operation due to longer propagation delay between ground gNB and ATG UE. 
Issue 1-2-3: UE assistance information
· RAN4 further study ATG UE assistance information
· such as altitude, location, propagation delay difference, flight path, speed, velocity etc., or change in any of these parameters.



Regarding the TDD impaction, companies raised the concerns on impact of PRACH applicability due to longer propagation delay and velocity of flight. Also it is related to the discussion on Cell phase synchronization accuracy in timing requirements. As well analyzed by companies in last meeting [4], the current PRACH format may not be able to support cell range up to 300 km and the Doppler shit caused by speed up to 1200 km/h. However, it is based on the legacy TN TA framework with zero TA for PRACH transmission. The longest CP (e.g. format 1) may not be able to cover cell range of 300km. In NTN, the situations are severer which is handle by UE specific TA adjustment. For ATG network, the issue can be evaluated in demodulation session as HST to clarify the maximum cell range and speed to be considered if necessary.
Observation 1: The maximum range in ATG to be considered can be evaluated in Demod session with respective to the PRACH demodulation performance.  
From RRM requirement’s perspective, the larger cell range may have impact on TDD operations, e.g. the cell phase synchronization accuracy, and it will be evaluated in following parts of the paper.
2.2 Mobility
Regarding the mobility requirements for RRC_IDLE/INACTIVE mode, the status are summarized as follows:
	Issue 2-1-1: Cell selection requirements
· No new cell selection requirement (Section 4.1 in TS 38.133) for ATG is need to be developed, legacy requirements can be reused.
Issue 2-1-2: Cell re-selection requirements
Issue 2-1-2-1: Cell re-selection measurement capability
· Use current UE capability for NR intra-frequency measurement and NR inter-frequency measurement as the starting point. 
· Further study the capability after the scenario is clearer in the RF group.
Issue 2-1-2-2: Cell re-selection measurement requirements
· Option 1: Reusing legacy R15 requirements of intra-frequency and inter-frequency measurement as the starting point, further check whether to use HST requirements for ATG until a typically ATG network deployment scenario such as ISD is concluded in RF group. 
· Option 1-1: The A2G UE is allowed to not measure on the neighbour cells based on the coverage information of the serving cell e.g. if serving cell RSRP is above threshold. 
· For cell reselection and handover, the A2G UE should resume the neighbour cell measurement in normal manner without any relaxation if there is any unpredictable change in flight path or sudden drop in aircraft height due to any critical or emergency situation.
· For cell reselection and handover, UE can determine the sudden change in the flight path autonomously (e.g. internally from flight data) or based on assistance information from the ground base station. Details are FFS



For Cell reselection requirements, it was agreed to take legacy requirements as starting points. And it was proposed to check whether to consider HST requirements for ATG. The consideration is that the flight speed is even higher than that in HST which could be up to 1200 km/h. However, in HST UE may travel from on cell to another very frequently, so UE needs to complete the cell reselection in shorter time. In ATG, though the speed is even higher, the cell range is much larger than that in HST and normal TN scenarios which could be up to 300 km. In HST scenario, the distance between RRHs is assumed to be around several km which will result in UE moving from one cell to another with less than 1 minutes. But for ATG, the time could be about 10 minutes. Thus, the legacy requirements are sufficient for ATG.
Observation 2: Considering larger cell range in ATG, the mobility requirements are less challenging than HST.
Proposal 1: Existing requirement of intra-frequency and inter-frequency measurement requirements for cell re-selection can apply to ATG.
Regarding the discussion about mobility requirements for RRC_CONNECTED, the status are summarized as follows:
	Issue 2-2-1: Handover
Issue 2-2-1-1: NR Handover
· Option 1: Both intra-frequency HO and inter-frequency HO need to be defined.
· Option 1-1: Reusing legacy intra-frequency HO and inter-frequency HO requirements as the starting point, FFS other details and potential revisions for ATG.
· Option 1-2: The A2G UE is allowed to not measure on the neighbour cells based on the coverage information of the serving cell e.g. if serving cell RSRP is above threshold. 
· For cell reselection and handover, the A2G UE should resume the neighbour cell measurement in normal manner without any relaxation if there is any unpredictable change in flight path or sudden drop in aircraft height due to any critical or emergency situation.
· For cell reselection and handover, UE can determine the sudden change in the flight path autonomously (e.g. internally from flight data) or based on assistance information from the ground base station. Details are FFS
Issue 2-2-1-4: NR Conditional Handover
· FFS which kind of CHO will be introduced
· FFS whether ATG specific CHO requirements are needed. 
Issue 2-2-2: RRC Connection Mobility Control
Issue 2-2-2-1: SA: RRC Re-establishment
· Reuse the principle from the legacy RRC Re-establishment delay requirements as baseline for ATG
· Further discuss whether the ATG specific RRC Re-establishment requirement is needed.
Issue 2-2-2-2: Random access
· Reuse the principle from the legacy random access requirements as baseline for ATG
· Further discuss the ATG specific impaction and details
· Further discuss whether to define requirements for 2-step RA for A2G, and whether ATG specific impaction should be involved.
Issue 2-2-2-3: SA: RRC Connection Release with Redirection
· Reuse the principle from the legacy RRC Connection Release with Redirection requirements as baseline for ATG
· Further discuss whether the ATG specific RRC Connection Release with Redirection requirement is needed




Based on the same consideration, the legacy requirements of HO can also apply to ATG.
Proposal 2: Existing intra-frequency HO and inter-frequency HO requirements can apply to ATG.
For CHO requirements, as commented by companies that CHO maybe an important feature as the flight in ATG is relative constant. Whether to define CHO requirements may depend on whether to consider the assistant information like NTN and whether there is RRM impact for ATG.
Observation 3: Whether to consider CHO requirements for ATG depends on whether assistant information in NTN will be used in ATG.
For RRC Re-establishment and RRC release with re-direction, companies agreed to reuse the principle from legacy requirements, but the details need to be checked. From our understanding, the legacy requirements can apply and no ATG specific requirement is needed.
Proposal 3: Existing Re-establishment and RRC release with re-direction requirements can apply and no need to have ATG specific requirements.
For Random access requirements, we believe the legacy requirements can apply. What’s more, the requirements about random access are actually the procedure description related to RAN1/2 specification. 
Proposal 4: Existing Random access requirements can apply and no need to have ATG specific requirements.
2.3 Timing
For timing requirements of ATG, which may have the most RRM impacts considering whether to use the NTN approach. Regarding the assumption of cell range, it has been analyzed in 2.1 general part that it should be evaluated in demodulation session about PRACH demodulation performance. Another aspect is the impacts of long propagation delay on GP and cell phase synchronization accuracy. Considering the large cell range in ATG, larger GP needs to be configured instead of fastening cell phase synchronization accuracy. And the configuration of GP is up to NW and there is no specification impact. In Rel-15, BS synchronization error is defined considering cell coverage radius, the range of UE transmit timing advance, the length of guard period, the time of BS and UE power ramping up/down. Considering the propagation delay between BS1 and BS2, Tprop,BS1-BS2 could be upto 1 ms which is much more larger than 3 us cell phase synchronization accuracy. It means more than 1 slot GP for 15 kHz and 2 slots GP for 30 kHz needs to be configured.
Proposal 5: Existing Cell phase synchronization accuracy can apply to ATG.
Another big topic about timing requirements is about whether to consider timing/frequency per-compensation like NTN. Firstly, for frequency pre-compensation, we think it is more appropriate to be considered in RF session about frequency error requirements. Even in NTN, there is no impact on whether UE should do frequency pre-compensation.
Observation 4: Whether UE shall do frequency pre-compensation should be evaluated in RF session about frequency error requirements.
For timing pre-compensation, it will indeed have impacts on timing requirements. The status are summarized as follows:
	Issue 3-2-1: Whether to introduce UE based Timing pre-compensation
· Option 1: The ATG UE should do the compensation of transmit frequency based on relative moving velocity and distance between UE and gNB. (CATT, ZTE, Ericsson, LGE)
· Option 2: Further study whether to introduce the UE based UL timing pre-compensation based on necessity and performance gain. (CMCC, Apple, HW, Ericsson, ZTE)
· Option 2-1: Use the current timing adjustment procedure as the baseline. (CMCC, HW)
Issue 3-2-2: Whether to introduce UE based Frequency pre-compensation
· Option 1: The ATG UE should do the compensation of timing based on relative moving velocity and distance between UE and gNB. (CATT, Ericsson, LGE, CMCC)
· Option 2: Further study whether to introduce the UE based UL frequency pre-compensation based on necessity and performance gain. (CMCC, HW, Ericsson, Apple, ZTE)
· Option 2-1: Use the current frequency pre-compensation procedure as the baseline. (HW)




For TA adjustment, UE specific TA estimation is introduced in NR NTN where UE estimates TA according to ephemeris information in addition to the legacy close-loop TA adjustment. In NR NTN, the timing draft could be up to 40us/s for LEO, which means gNB has to frequently send TA adjustment command. Besides, there could be misalignment between UE and gNB due to large propagation delay. However, in ATG network, the speed and propagation delay is much smaller than that in NTN. Though, the ephemeris information may be also available, it should be discussed whether to consider TA adjustment based on UE specific TA estimation as introduced in NTN. Considering the speed of 1200 km/s and ISD up to 300 km/h, the timing drift per second experienced at gNB is around 1~2 us/s, which is much lower than 40 us/s in NTN. It means gNB can compensate the timing drift by TA command once every seconds. And the maximum TA adjustment at a time which is [image: ] can also cover the timing drift range. 
Observation 5: The legacy close-loop TA adjustment is sufficient to support ATG network.
Proposal 6: Use the current timing adjustment procedure (close-loop TA adjustment) as baseline for timing requirements, and Tp and Tq shall be updated accordingly.
For deriveSSB-IndexFromCell, the tolerance, the current tolerance is defined as follows:
-	min (2 SSB symbols, 1 PDSCH symbol) for sub-carrier spacings of SSB and PDSCH up-to 240 kHz,
It depends on following factors:
1. SSB pattern: For 15kHz and 30kHz, the SSBs can be consecutive which means the 2 SSB symbols separation is needed to differentiate the SSB index without acquiring the SSB index. And it is also valid for ATG scenarios.
2. PDSCH tolerance: One PDSCH symbol implies that UE will only monitor the range that one symbol before and after the SSB index of serving cell. In legacy requirements, 1 symbol PDSCH is sufficient to cover the propagation delay difference in FR1. In ATG, considering possible larger propagation delay difference, one PDSCH symbol can be extended to 2 PDSCH symbols. However, the cases in ATG may not be very complicated. Legacy tolerance is sufficient.
Instead, what should be evaluated is whether it can be assumed always enabled in TDD in ATG. 
Proposal 7: Existing deriveSSB-IndexFromCell tolerance can apply to ATG. RAN4 shall evaluate whether deriveSSB-IndexFromCell can be assumed always enabled for ATG.

2.4. Signaling characteristics
For most signal characteristics requirements, they can be reused without specific considerations. For some requirements, companies are agreed to use the principle and further check the details. For following requirements, from our think the legacy requirement can apply to ATG without specific impact similar as NTN requirements. 
	Consider the following RRM impact for ATG
Issue 4-1-1: Radio Link Monitoring
· Reuse the principle from the legacy RLM requirements as baseline for ATG
· Further discuss whether ATG specific impaction should be involved.
Issue 4-1-2: Link Recovery Procedure
· Reuse the principle from the legacy Link Recovery Procedure requirements as baseline for ATG
· Further discuss whether ATG specific impaction should be involved.
Issue 4-1-3: Active BWP switching delay
· Reuse the principle from the legacy Active BWP switching delay requirements as baseline for ATG
· Further discuss whether ATG specific impaction should be involved.
Issue 4-1-4: Active TCI state switching delay
· Reuse the principle from the legacy Active TCI state switching delay requirements as baseline for ATG
· Further discuss whether ATG specific impaction should be involved.
Issue 4-1-7: Pathloss reference signal switching delay
· Reuse the principle from the legacy Pathloss reference signal switching delay requirements as baseline for ATG
· Further discuss whether ATG specific impaction should be involved.



Proposal 8: Existing requirements for RLM/BFD/ Active BWP switching delay/ Active TCI state switching delay/ Pathloss reference signal switching delay can apply to NTN without ATG specific impacts.
2.5 Measurement
Regarding the impacts on gaps, companies commented that the only FR1 MG maybe considered. We generally agree with the observation considering the interested operating band for ATG. However, it seems no spec impact on this. Just like Gap defined in NTN. 
Observation 6: There is no gap impact to support ATG.
For L3 measurement requirements, e.g. intra/inter-frequency measurement, companies agreed that principles can be reused from Rel-15 requirements with details to be further checked. Companies proposed that CSSF may be impact for ATG. From our understating, for intra-frequency measurement, as only one serving cell is considered, thus CSSFintra = 1for ATG. For other cases, existing CSSF requirements can apply.
Proposal 9: Existing intra-frequency and inter-frequency measurement requirements can apply. For intra-frequency measurement without measurement gap, CSSFintra = 1 for ATG. 

2.6	Specification Documentation
Regarding the specification architecture, following two options were initially discussed in last meeting.
	Issue 6-1-1: How to involve ATG RRM core requirements in TS38.133
· Option 1: The RRM requirements for ATG UE can be defined in new sections of section number with suffix D in specification. (CATT, Apple)
· Option 2: Add ATG related requirements in the current corresponding section, similar as HST. (CMCC, ZTE)



It could be observed from the discussion in first meeting that most requirements can be reused directly. Thus, the most efficient approach is to use the HST approach when updating the requirements for ATG. Besides, for NTN it could be observed that we have created almost all new clauses for NTN when the requirements are completely the same only with different titles. The specification is becoming extremely huge and the situation will be severe with more requirements introduced. Thus option 2 is preferred.
Proposal 10: Add ATG specific requirements in the current corresponding section, similar as HST.
3. Conclusions
Observation 1: The maximum range in ATG to be considered can be evaluated in Demod session with respective to the PRACH demodulation performance.  
Observation 2: Considering larger cell range in ATG, the mobility requirements are less challenging than HST.
Proposal 1: Existing requirement of intra-frequency and inter-frequency measurement requirements for cell re-selection can apply to ATG.
Proposal 2: Existing intra-frequency HO and inter-frequency HO requirements can apply to ATG.
Observation 3: Whether to consider CHO requirements for ATG depends on whether assistant information in NTN will be used in ATG.
Proposal 3: Existing Re-establishment and RRC release with re-direction requirements can apply and no need to have ATG specific requirements.
Proposal 4: Existing Random access requirements can apply and no need to have ATG specific requirements.
Proposal 5: Existing Cell phase synchronization accuracy can apply to ATG.
Observation 4: Whether UE shall do frequency pre-compensation should be evaluated in RF session about frequency error requirements.
Observation 5: The legacy close-loop TA adjustment is sufficient to support ATG network.
Proposal 6: Use the current timing adjustment procedure (close-loop TA adjustment) as baseline for timing requirements, and Tp and Tq shall be updated accordingly.
Proposal 7: Existing deriveSSB-IndexFromCell tolerance can apply to ATG. RAN4 shall evaluate whether deriveSSB-IndexFromCell can be assumed always enabled for ATG.
Proposal 8: Existing requirements for RLM/BFD/ Active BWP switching delay/ Active TCI state switching delay/ Pathloss reference signal switching delay can apply to NTN without ATG specific impacts.
Observation 6: There is no gap impact to support ATG.
Proposal 9: Existing intra-frequency and inter-frequency measurement requirements can apply. For intra-frequency measurement without measurement gap, CSSFintra = 1 for ATG. 
Proposal 10: Add ATG specific requirements in the current corresponding section, similar as HST.
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