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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]NTN above 10 GHz should be considered in Rel-18 NR NTN WID. In the RAN1#113 meeting, a RAN4 LS on FR2-NTN aspects was sent to RAN1 for technical discussion[1]. Based on discussion, there are some potential RAN1 impacts on the following aspects to support the RAN4 work on NTN above 10 GHz:
· PRACH configuration
· Cell search aspects
· Timing advance for initial access
This paper focuses on FR2-NTN questions from RAN4. We presented our views on the above problems and proposed corresponding solutions.
Discussion 
PRACH configuration
In the RAN1#114bis meeting，there is one working assumption for PRACH configuration table for FR2-NTN:
	Working assumption
For PRACH configuration for operation in FR2-NTN, Table 6.3.3.2-4 of TS 38.211 is used as baseline.
FFS: Whether further modifications would be needed.



Table 6.3.3.2-4 is a PRACH configuration table designed for FR2-TDD, for TDD mode, it considers the support of different semi-static UL and DL period configurations, uplink start position within a slot in TDD mode. In principle, FR2-FDD can reuse Table 6.3.3.2-4, but because of the TDD design there are UL and DL periods and the limitations of uplink start position within a slot, so Table 6.3.3.2-4 is not an optimal choice for FR2-FDD, the PRACH configuration table for FR2-FDD can be more flexible than FR2-TDD. If possible, it is recommended to design a separate PRACH configuration table for FR2-FDD.
The design of PRACH configuration table for FR2-NTN should comply with design principles of 5G NR PRACH configuration tables in 38.211.Designing PRACH FR2-FDD configuration table needs to consider FDD band factors, different PRACH capacities, typical cycles supported by common PRACH preamble formats that are of concern to different operators.
Following the design principles of existing PRACH configuration tables of NR, the PRACH configuration table for FR2-FDD should have the following characteristics:
- 839 sequences are not supported due to the requirement of anti-Doppler frequency offset in the FR2 band;
- Different PRACH configuration periods are considered to be supported, {10, 20, 40, 80, 160}ms.
- For slot numbering in the PRACH configuration tables, subcarrier spacing of 60kHz is a baseline assumed PRACH slot with SCS=60khz is as a reference, ROs are numbered within time slots with a granularity of 0.25ms;
- PRACH resources are allocated consecutively within a slot, and the SSB position is not considered when designing the PRACH configuration form (as I understand it, the SSB position is not considered for short configuration cycles, but the SSB position can still be considered for long cycles).
- More priority to Ax and Bx formats compared to Ax/Bx
- Support 256 configurations, the actual number of configurations in different formats is as follows:
· A1: 29
· A2: 30
· A3: 30
· B1: 23
· B4: 32
· A1/B1: 18
· A2/B2: 18
· A3/B3: 18
· C0: 29
· C2: 29
- The RO start symbols in FDD mode are all 0 and no other start symbol positions need to be considered;
- Regarding the number of RACH occasions within one RACH configuration period.
· For preamble formats A1, A2, A3, B1, B4, C0 and C2 and all RACH configuration periodicities and all msg1 subcarrier spacing and at least one configuration supports at least 16 RACH occasions. 
So some configurations in the FR2-TDD PRACH table that have typical TDD characteristics should be removed, e.g., configuration index 7 and 11. Configurations with a starting symbol of 7 should be modified.

Proposal 1: Some configurations in the FR2-TDD PRACH table that have typical TDD characteristics should be removed, e.g., DL symbols and UL symbols coexisted in one slot. 
Proposal 2: Configurations with a starting symbol of 7 should be modified.

For FDD, PRACH resources can be mapped to UL slots irrespective of the time locations of SS/PBCH block. It is recommended that a small number of configuration cases be added to configure the RO in the first radio frame of long configuration period. 
Proposal 3: A few configuration cases can be added to configure the RO in the first radio frame of long configuration period.

Taking the A1 format as an example, keep the number of configurations for each format unchanged, and add or modify some configuration cases, the specific PRACH configuration modification suggestions are shown in the following table.
Proposal 4: It is proposed to adopt the table 1 as one example to modify other preamble formats with keeping some configurations unchanged, and adding or modifying some configuration cases for each format. 

Table 1 Random access configurations for FR2-NTN
	PRACH
Config. 
Index
	Preamble format
	
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
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number of time-domain PRACH occasions within a PRACH slot
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PRACH duration

	suggestion
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	0
	A1
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2
	　

	1
	A1
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2
	　

	2
	A1
	8
	1,2
	9,19,29,39
	0
	2
	6
	2
	remove

	　
	A1
	16
	0
	4,9,14,19,24,29,34,39
	0
	2
	6
	2
	new

	　
	A1
	16
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2
	new

	　
	A1
	8
	0
	4,9,14,19,24,29,34,39
	0
	2
	6
	2
	new

	　
	A1
	8
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2
	new

	3
	A1
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2
	　

	4
	A1
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2
	　

	　
	A1
	4
	0
	4,9,14,19,24,29,34,39
	0
	1
	6
	2
	new

	5
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2
	　

	6
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2
	　

	7
	A1
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2
	　

	　
	A1
	2
	0
	7,15,23,31,39
	0
	2
	6
	2
	new

	8
	A1
	2
	1
	7,15,23,31,39
	0
	2
	6
	2
	　

	9
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2
	　

	10
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2
	　

	11
	A1
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2
	　

	　
	A1
	1
	0
	0,,2,4…,38
	0
	1
	6
	2
	new

	　
	A1
	1
	0
	3,11,19,27,35
	0
	1
	6
	2
	new

	　
	A1
	1
	0
	3,11,19,27,35
	0
	2
	6
	2
	new

	12
	A1
	1
	0
	19,39
	7->0
	1
	3->6
	2
	revised

	13
	A1
	1
	0
	3,5,7
	0
	1
	6
	2
	　

	14
	A1
	1
	0
	24,29,34,39
	7
	1
	3
	2
	　

	15
	A1
	1
	0
	9,19,29,39
	7->0
	2->1
	3->6
	2
	revised

	16
	A1
	1
	0
	17,19,37,39
	0
	1
	6
	2
	　

	17
	A1
	1
	0
	9,19,29,39
	0
	2
	6
	2
	　

	18
	A1
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	6
	2
	　

	19
	A1
	1
	0
	4,9,14,19,24,29,34,39
	7->0
	1->2
	3->6
	2
	revised

	20
	A1
	1
	0
	3,5,7,9,11,13
	7
	1
	3
	2
	remove

	21
	A1
	1
	0
	23,27,31,35,39
	7
	1
	3
	2
	remove

	22
	A1
	1
	0
	7,15,23,31,39
	0
	1
	6
	2
	　

	23
	A1
	1
	0
	23,27,31,35,39
	0
	1
	6
	2
	remove

	24
	A1
	1
	0
	13,14,15, 29,30,31,37,38,39
	7
	2
	3
	2
	remove

	25
	A1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	7
	1
	3
	2
	remove

	26
	A1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2
	　

	27
	A1
	1
	0
	1,3,5,7,…,37,39
	0
	1
	6
	2
	　

	28
	A1
	1
	0
	0,1,2,…,39
	7->0
	1
	3->6
	2
	revised




Cell search aspects
In the RAN1#114bis meeting，there is working assumption for cell search aspect for FR2-NTN:
	Working assumption:
For operation in FR2-NTN, for cell search procedure, at least Case D in TS 38.213 is used to allow FDD operation in bands defined by FR2-NTN without any update to SSB pattern.
FFS: whether Case E can also be used



The current SSB pattern cases in a half frame for cell search defined in section 4.1 of TS 38.213, which the first symbol indexes for candidate SS/PBCH blocks are determined according to the SCS of SS/PBCH blocks as follows, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· Case A: 15 kHz SCS, with use cases defined for cases without shared spectrum channel access (implicitly FR1), there are two cases; below 3 GHz and above 3 GHz, and the SSB definitions are described accordingly with a maximum of 8 SSBs configured.
· Case B: 30 kHz SCS, there are two cases; below 3 GHz and above 3 GHz (but limited to FR1), and the SSB definitions are described accordingly with a maximum of 8 SSBs configured.
· Case C: 30 kHz SCS, with use cases defined for cases covering both with and without shared spectrum operation, and for the case of without shared spectrum channel access, the cases of paired spectrum and unpaired spectrum are covered (still within FR1), the SSB definitions are described accordingly with a maximum of 8-10 SSBs for the different cases.
· Case D - 120 kHz SCS: with operation for carrier frequencies withing FR2 (and implicitly for unpaired spectrum) with a maximum of 64 SSBs. the first symbols of the candidate SS/PBCH blocks have indexes . For carrier frequencies within FR2, .
· Case E - 240 kHz SCS: with operation for carrier frequencies withing FR2-1 (and implicitly for unpaired spectrum) with a maximum of 64 SSBs. the first symbols of the candidate SS/PBCH blocks have indexes . For carrier frequencies within FR2-1, .
[image: ]
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Figure 1: SSB slots pattern（120 kHz, 240 kHz）
In FR1 it defines the usage of frequency bands of both TDD and FDD, while in FR2 it only plans for TDD bands in the 3GPP 5G NR. For TDD, the SSB should not occupy the 2~4 symbols at the beginning of the time slot and the last symbols at the end of the time slot, which are used for downlink control, protection interval and uplink control symbols reserved for uplink and downlink switching, respectively. CaseD and CaseE are designed to be compatible with the 60 KHz SCS when the SSB is located in a 60 KHz SCS, and the uplink and downlink control domains of the SSB cannot conflict with the SSB. The uplink and downlink control fields for 60kHz SCS cannot conflict with the SSB.
For FR2-FDD in NTN, it could have more dense SSB patterns, as all DL slots are consecutive and not separated by UL slots. But the SSB pattern is designed to be as compatible as possible with both TDD and FDD systems, as evidenced by CaseA, CaseB and CaseC. So apply CaseD and CaseE in 213 for FR2-NTN and no need to introduce new SSB pattern. Further optimization of cell search procedure in Rel-18 can be de-prioritized due to limited time.
For the CaseE where the SSB SCS is 240kHz, it has a shorter cyclic prefix duration, and there is a greater challenge for synchronization in FR2-NTN scenarios, and it is recommended that SSB pattern do not support 240kHz SCS and only support 120kHz SCS in FR2-NTN scenarios.
Proposal 5: For operation in FR2-NTN, for cell search procedure, only Case D (not supporting Case E) in TS 38.213 is used to allow FDD operation in bands defined by FR2-NTN without any update to SSB pattern. 
[bookmark: _GoBack]
Timing advance for initial access
Since the SCS will be increased for FR2-NTN which support 60kHz and 120kHz etc, the CP will be shortened correspondingly, and it may cause challenges for a UE to meet the timing requirements for operation in the FR2-NTN bands.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Uplink frame number for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE.
UE would potentially have incorrect understanding of its geographical position and hence be using a pre-compensation for the UE-autonomous component of the TA that would cause the random access preamble to “arrive early” at the gNB (compared to the gNB definition of the RO window) and interfere the preceding data. So negative TA was raised by some companies during the R17 discussion. Meanwhile, some companies have proposed to introduce TA margin to solve this problem to avoid negative TA happening. The main argument for not implementing this at that point in time what that it would be possible to introduce a guard time functionality by the gNB through the Common TA which would provide a buffer for UEs not having a correct understanding of their positions.
It should be noted that introducing such negative TA indication in TAC would cause conditional interpretation of the MAC RAR, which would have specification impacts on both RAN1 and RAN2, as well as new signalling would potentially be needed.
For FR2-NTN, the timing accuracy is more challenging than for FR1, so it is more important that an initial TA error can be corrected before UE transmits PRACH. As TA error is related to the GNSS position error and ephemeris error obtained before access, and there is a fixed maximum range, it is suggested to introduce TA-margin in the timing equation to solve this problem, so that it has little impact on the specification.

Proposal 6: In order to tolerate TA error in the initial access for FR2 NTN, TA-margin can be considered to introduce to solve this timing error. 

1 Conclusion
In view of the problems of 10 GHz is mentioned over in RAN4 LS letter, we have the following suggestions:
Proposal 1: Some configurations in the FR2-TDD PRACH table that have typical TDD characteristics should be removed, e.g., DL symbols and UL symbols coexisted in one slot.  
Proposal 2: Configurations with a starting symbol of 7 should be modified.
Proposal 3: A few configuration cases can be added to configure the RO in the first radio frame of long configuration period. 
Proposal 4: It is proposed to adopt the table 1 as one example to modify other preamble formats with keeping some configurations unchanged, and adding or modifying some configuration cases for each format.  
Proposal 5: For operation in FR2-NTN, for cell search procedure, only Case D (not supporting Case E) in TS 38.213 is used to allow FDD operation in bands defined by FR2-NTN without any update to SSB pattern. 
Proposal 6: In order to tolerate TA error in the initial access for FR2 NTN, TA-margin can be considered to introduce to solve this timing error. 
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