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1. Introduction
In RAN plenary 96 meeting, a revised WID[1] for Rel-18 was approved to study the air-to-ground for NR. The objective of this WID is as follows.
	The core part of this work item includes
· Specify features to core specifications for ATG BS and UE [RAN4]
· Scenario: 
· BS on the ground, and the CPE type of UE mounted in the aircraft
· A direct radio link between BS on the ground and CPE type of UE mounted in the aircraft
· Note: The deployment characteristics described in the justification section shall be taken as a basis for the technical discussion.
· Specify core requirements for coexistence between ATG and IMT terrestrial network
· Example bands include n1, n78 and n79.
· Perform FR1 co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Identify key characteristics where it is necessary to differentiate ATG ground-based BS and UEs from conventional ground based BS and UEs
· Aim to reuse existing requirements for BS and UE where possible, e.g.,
· Reuse TN BS requirements for ATG BS
· Specify RF requirements for ATG UE/BS
· Considering the results of co-existence simulations in terms of impact on emissions and RX requirements, cell sizes and link budgets, technology capabilities, likely BS and UE architectures and other relevant aspects.
· Taking into account identified differences between ATG and fully ground based systems
· Consider BS type 1-C/1-H/1-O and specify the requirements
· Consider conductive requirements for UE
· Specify RRM core requirements for ATG UE
· Taking into account identified differences between ATG and fully ground based systems
· Considering the different nature of ATG UEs and their view of the network, increased cell sizes and other relevant aspects
· Specify new UE/BS type(s) for ATG network if necessary


In last meeting, RAN4 has spread general discussion around RRM aspects in ATG case. The following agreements were achieved in [2] around timing and frequency adjustment:
	General issues:
Issue 3-1-2: BS location
Agreement:
· PositionVelocity-r17 in TS 38.331 can be used to signal the BS location to ATG UE.
Timing and frequency pre-compensation by UE:
Issue 3-2-1: Whether to introduce UE based Timing pre-compensation
Agreements:
· Support UE-based timing pre-compensation for ATG networks 
· FFS for details and whether NTN-based solution can be reused 
Timing requirements:
Issue 3-3-2: Timing advance
Agreements:
· [bookmark: _Hlk118881565]For timing Advance adjustment accuracy requirement, legacy value can be reused.
Way forward:
· Further discuss timing advance adjustment delay requirement.
Issue 3-3-4: deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter tolerance
Agreement:
· Legacy TN requirement can be reused. Whether ‘deriveSSB-IndexFromCell’ and/or ‘deriveSSB-IndexFromCell-inter’ are applicable to ATG scenarios is FFS


The general aspects, the timing and frequency pre-compensation by UE side have been generally identified in last meeting. All the suspending issues are around the timing requirements. In this document, we will provide some further analysis on timing requirements of ATG based on the multiple new characteristics of ATG scenario. 
2. Discussion
Based on the characteristics of ATG system, the following key points should be noted:
· Extremely large ISD, e.g. about 100km to 200 km
· Extremely high flight speed, e.g. up to 1200km/h
· Utilizing same frequency for deploying both ATG and TN(terrestrial network), e.g. n1, n78, n79 -- So only focus on FR1
· Much powerful on-board ATG terminal capacity
· R18 only focuses on SA mode and single connectivity with operation in a single band. DC, FR2, inter-RAT are not applicable to ATG. CA is possible in future release depending on demands
· Height of CPE: 3km--10km
We provide our analysis for multiple RRM aspects given all the above key points of ATG system.
Around all the timing requirements, the assumption of maximum distance between CPE and BS is the foundation of discussion. Here we cite the observations about this maximum distance in our another document[3]:
	Observation 1: Under the assumption of traditional TN deployment, considering the ISD of 100-200 km, the maximum distance between CPE and BS is 68-134 km or 58-115 km.
Observation 2: Under the assumption of horizon beam coverage deployment, considering the ISD of 100-200 km, the maximum distance between CPE and BS is 120-220 km for non sub-array case and 150-250 km for sub-array case.


Based on such observation, we can discuss from the following issues:
· Timing advance
· Whether need to introduce the mechanism of Koffset in ATG system
· Gradual timing adjustment
· Initial transmit timing requirements 
· deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter
2.1 Timing advance
Due to the large cell coverage and high speed moving, the corresponding large propagation delay and large timing drift would bring challenge to legacy solution of TA adjustment. Regarding to legacy CL TA adjustment, there are three types of adjustment:
· Null TA indication
· 6 bits offset value TA
· 12 bits absolute value TA
We analysis the three types of adjustment under ATG scenario respectively.
For Null TA indication, which is oriented to PRACH transmission. Respect to PRACH design, current preamble format design can support as much as about 102 km cell coverage with the assumption of applying the longest CP. While such cell coverage can not meet the demand of maximum distance between CPE and BS in ATG as the cited observation above. So by comparing the maximum distance and current PRACH CP coverage, we can conclude that additional UE based timing pre-compensation is necessary. From the perspective of RRM requirements, the exact value of such UE based timing pre-compensation totally depends on UE determination.
Proposal 1: Based on the maximum distance between CPE and BS in ATG derived from the assumption of 100-200km ISD, UE based timing pre-compensation for PRACH transmission is necessary for ATG CPE.
For 6 bits offset value TA, TA offset is indicated by TAC. 6 bits TAC can indicate a limited scope, we need to check whether such limited scope can cover the maximum time drift. In R17 NTN, due to the up to 40 us/s time drift exists, which means NB has to frequently send TAC since the 6 bits offset is hard to trace such drastic drift in timing. So additional OL TA is introduced in R17 NTN. 
Based on the legacy CL TA with 6 bits TAC indication, 

Where ,  is the TA the UE is currently applying to its UL transmissions,  is the numerology of the UL transmission and , Ts = 35.552ns. Thus, the range of timing adjustment indication is as follows:
Table 1: The indication capability under 6 bit TAC
	
	SCS
(kHz)
	TAC step
i.e.16*64*Tc/2^
(ns)

	Max TA update
(ns)
	Distance offset
(0.5*Max TA update*C)
(km)
	Time interval
i.e. Flight distance/V
(s)

	0
	15
	568.83
	18202.62
	2.7
	8.1

	1
	30
	284.42
	9101.31
	1.4
	4.2

	2
	60
	142.21
	4550.66
	0.7
	2.1
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Figure 1: Flight distance under 6 bit TAC 
We calculate the Distance offset as above. For simplify, we can assume the Flight distance equals to Distance offset shown in Figure 1. Then we can conclude at least after how long BS needs to update the TAC, this time interval is shown in the last line of Table 1. Based on our analysis, such time interval is large enough, so we can conclude that not need any enhancement regarding to the 6 bits offset value TA. So not need to applying the enhancement in R17 NTN.
Proposal 2: Regarding to the legacy 6 bits TAC, according to the value of max TA update, no need to introduce additional enhancement due to such 6 bits indication is enough to consider ATG CPE moving.
For 12 bits offset value TA, which is applied in case of random access response or in an absolute timing advance command MAC CE.

Thus, the range of TA adjustment is:
Table 2: The indication capability under 12 bits TAC
	
	SCS
(kHz)
	TA step
16*64*Tc/2^
(ns)
	Max TA
(ms)
	Max one-trip distance between BS and CPE
(km)

	0
	15
	568.83
	2
	300

	1
	30
	284.42
	1
	150

	2
	60
	142.21
	0.5
	75


So, combined with the observation of maximum distance between ATG CEP and BS, we have the following observation:
· Under the assumption of 15kHz SCS, since the supported max one-trip distance between ATG CPE and BS is large enough, so no need to enhance, not any additional solution is necessary.
· Under the assumption of 30kHz SCS, for different deployments, the conclusion is different. 
· Under the traditional TN deployment, since the supported max one-trip distance between ATG CPE and BS is large enough, so no need to enhance, not any additional solution is necessary.
· Under the horizon beam coverage deployment, the supported max one-trip distance between ATG CPE and BS is not enough to cover the maximum distance between ATG CPE and BS, so some additional solution is necessary, e.g. introducing OL TA.
· Under the assumption of 60kHz SCS, the supported max one-trip distance between ATG CPE and BS can not cover the maximum distance between ATG CPE and BS, no matter for each deployment, some additional solution is necessary, e.g. introducing OL TA.
Proposal 3: Regarding to the legacy 12 bits TAC, according to the value of max TA, the supported Max one-trip distance between BS and CPE can be identified. By comparing with the observed maximum distance between ATG CPE and BS under different deployments, the following are suggested:
· Under the assumption of 15kHz SCS, since the supported max one-trip distance between ATG CPE and BS is large enough, so no need to enhance, not any additional solution is necessary.
· Under the assumption of 30kHz SCS, for different deployments, the conclusion is different. 
· Under the traditional TN deployment, since the supported max one-trip distance between ATG CPE and BS is large enough, so no need to enhance, not any additional solution is necessary.
· Under the horizon beam coverage deployment, the supported max one-trip distance between ATG CPE and BS is not enough to cover the maximum distance between ATG CPE and BS, so some additional solution is necessary, e.g. introducing OL TA.
· Under the assumption of 60kHz SCS, the supported max one-trip distance between ATG CPE and BS can not cover the maximum distance between ATG CPE and BS, no matter for each deployment, some additional solution is necessary, e.g. introducing OL TA.
2.2 Whether need to introduce the mechanism of Koffset in ATG system
The mechanism Koffset was introduced in R17 NTN aiming to avoid the out-of-order between DCI receiving the scheduled PUSCH transmission due to large RTT, Koffset was introduced into NTN so that the timing line between DCI and scheduling PUSCH is no longer n+k, but n+k+Koffset as shown in Figure 2.
[image: ]
Figure 2. The mechanism of Koffset in R17 NTN
It has been specified in [4] that the UE shall adjust the timing of its uplink transmission timing at time slot n+ k+1 for a timing advance command received in time slot n, and the value of k is defined in clause 4.2 in [5] as below:

If the principle of Min k > Max TA can be satisfied, then no need to introduce Koffset , otherwise, Koffset is needed. We have the following analysis:
[bookmark: _GoBack]Table 3: The Min Koffset under different assumption of SCS
	
	SCS
(kHz)
	ax distance
(km)
	Min k
(slot)
	Max TA
(slot)
	Min Koffset
(slot)

	0
	15
	115
	2.5
	1
	0

	
	
	134
	2.5
	1
	0

	
	
	220
	2.5
	2
	0

	
	
	250
	2.5
	2
	0

	1
	30
	115
	3
	2
	0

	
	
	134
	3
	2
	0

	
	
	220
	3
	3
	1

	
	
	250
	3
	4
	2

	2
	60
	115
	4
	4
	1

	
	
	134
	4
	4
	1

	
	
	220
	4
	6
	3

	
	
	250
	4
	7
	4

	Note 1: When the Max TA is larger than slot length, need Koffset; Otherwise, not need Koffset.
Note 2: When Min Koffset = 0, which mean no Koffset is needed.


So we has the following Observation:
· For the case of 15 kHz SCS, not need to introduce Koffset for each deployment;
· For the case of 30 kHz SCS, for the the traditional TN deployment, not need to introduce Koffset, while for the horizon beam coverage deployment, need to introduce Koffset mechanism;
· For the case of 60 kHz SCS, need to introduce Koffset for each deployment.
Proposal 4: Regarding to whether introducing the mechanism of Koffset similar as in NTN, after analysis each case of deployment, we have the following suggestion:
· For the case of 15 kHz SCS, not need to introduce Koffset for each deployment;
· For the case of 30 kHz SCS, for the the traditional TN deployment, not need to introduce Koffset, while for the horizon beam coverage deployment, need to introduce Koffset mechanism;
· For the case of 60 kHz SCS, need to introduce Koffset for each deployment.
2.3 Gradual timing adjustment
Regarding to this issue, the following options were captured in [2] in last meeting:
	· Option 1: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS. 
· Option 2: The maximum aggregate adjustment rate is changed to Tq per 100ms for ATG UE. 
· Option 3: Tp and Tq shall be updated for ATG UE.


When determining the value of gradual timing adjustment Tp and Tq, at the high speed moving of up to 1200 km/h, the time drift due to frequency error per 200ms is 20 ns, and the time drift due to UE movement per 200ms is about 222 ns, so the most challenge of ATG scenario compared with the legacy case is the larger time drift due to high speed moving. If applying the gradual timing adjustment Tp and Tq to trace such larger time drift, the requirements of Tp/Tq need some enhancement to support ATG scenario.
Observation 1: Due to high speed moving of up to 1200 km/h, a larger time drift is leaded to. If applying the gradual timing adjustment Tp and Tq to trace such larger time drift, the requirements of Tp/Tq need some enhancement to support ATG scenario.
However, as we analyzed in section 2.1, under some cases, only applying legacy CL TA is not sufficient to follow the jitter of propagation delay, so maybe additional OL TA mechanism is needed. While if additional OL TA is allowed, maybe we do not need to enhance the requirements of Tp/Tq due to such large time drift can be handled by OL TA. That mean for the gradual timing adjustment, UE still apply the legacy Tp/Tq, while when UE would transmit PUSCH/PUCCH, UE has to decide whether additional OL TA is needed, if yes, determine the exact OL TA value based on the location info of BS. So we are open to further discuss whether need to enhance the requirements of Tp and Tq.
Proposal 5: Considering such large time drift can be handled by OL TA, and based on our analysis, under some cases, OL TA is necessary to make up the legacy CL TA, so maybe such large time drift can be handled by OL TA. In such case, no need to enhance the requirements of Tp/Tq.
2.4 Initial transmit timing requirements
Regarding to this Te, the following options were captured in [2] in last meeting:
	· Option 1: The legacy R15 TN requirement for initial transmit timing requirement Te can be reused.
· Option 2: The Te should be revised, FFS the value.


If additional OL TA mechanism would be introduced besides legacy CL TA, we are open to further discuss whether the legacy R15 Te can be relaxed. Otherwise, we believe reusing legacy R15 Te is fine.
Proposal 6: If additional OL TA mechanism would be introduced besides legacy CL TA, we are open to further discuss whether the legacy R15 Te can be reused. Otherwise, we believe reusing legacy R15 Te is fine.
2.5 deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter
After the discussion in 105 meeting, regarding to ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’, the basic logic same as in legacy is identified, i.e. such two IE is decided by NW, NW decides to enable or disable the two IEs. If indicated as ‘enable’, which means UE can derive the SSB index of neighbour cell from serving cell. Then the latency of SSB Index obtaining can be skipped. 
However it should be noted that in legacy specification[4], except for the NW indication, It is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2. Such assumption maybe not suitable for ATG scenario since of the possible large propagation delay difference between the serving cell and target cell. So we are open to further discuss whether need to remove this assumption in legacy specification.
Proposal 7: Since of possible large propagation delay difference between the serving cell and target cell in ATG scenario, the assumption of always enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’for FR1 TDD may be removed. 
3. Conclusion
In this contribution, we have the following proposals for the consideration of timing adjustment aspects for ATG system:
Proposal 1: Based on the maximum distance between CPE and BS in ATG derived from the assumption of 100-200km ISD, UE based timing pre-compensation for PRACH transmission is necessary for ATG CPE.
Proposal 2: Regarding to the legacy 6 bits TAC, according to the value of max TA update, no need to introduce additional enhancement due to such 6 bits indication is enough to consider ATG CPE moving.
Proposal 3: Regarding to the legacy 12 bits TAC, according to the value of max TA, the supported Max one-trip distance between BS and CPE can be identified. By comparing with the observed maximum distance between ATG CPE and BS under different deployments, the following are suggested:
· Under the assumption of 15kHz SCS, since the supported max one-trip distance between ATG CPE and BS is large enough, so no need to enhance, not any additional solution is necessary.
· Under the assumption of 30kHz SCS, for different deployments, the conclusion is different. 
· Under the traditional TN deployment, since the supported max one-trip distance between ATG CPE and BS is large enough, so no need to enhance, not any additional solution is necessary.
· Under the horizon beam coverage deployment, the supported max one-trip distance between ATG CPE and BS is not enough to cover the maximum distance between ATG CPE and BS, so some additional solution is necessary, e.g. introducing OL TA.
· Under the assumption of 60kHz SCS, the supported max one-trip distance between ATG CPE and BS can not cover the maximum distance between ATG CPE and BS, no matter for each deployment, some additional solution is necessary, e.g. introducing OL TA.
Proposal 4: Regarding to whether introducing the mechanism of Koffset similar as in NTN, after analysis each case of deployment, we have the following suggestion:
· For the case of 15 kHz SCS, not need to introduce Koffset for each deployment;
· For the case of 30 kHz SCS, for the the traditional TN deployment, not need to introduce Koffset, while for the horizon beam coverage deployment, need to introduce Koffset mechanism;
· For the case of 60 kHz SCS, need to introduce Koffset for each deployment.
Observation 1: Due to high speed moving of up to 1200 km/h, a larger time drift is leaded to. If applying the gradual timing adjustment Tp and Tq to trace such larger time drift, the requirements of Tp/Tq need some enhancement to support ATG scenario.
Proposal 5: Considering such large time drift can be handled by OL TA, and based on our analysis, under some cases, OL TA is necessary to make up the legacy CL TA, so maybe such large time drift can be handled by OL TA. In such case, no need to enhance the requirements of Tp/Tq.
Proposal 6: If additional OL TA mechanism would be introduced besides legacy CL TA, we are open to further discuss whether the legacy R15 Te can be reused. Otherwise, we believe reusing legacy R15 Te is fine.
Proposal 7: Since of possible large propagation delay difference between the serving cell and target cell in ATG scenario, the assumption of always enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’for FR1 TDD may be removed. 
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