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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]NTN above 10 GHz has been discussed in Rel-18 NR NTN for several meetings. In the RAN1#113 meeting, a RAN4 LS on FR2-NTN aspects was sent to RAN1 for technical discussion. In the RAN1 #115 meeting, RAN1 has made the following agreements[1]：
	Agreement
Confirm the working assumption from RAN1#114-bis on the PRACH configuration.
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 to the PRACH configuration Table would be needed



This paper focuses on PRACH configuration issues in FR2-NTN under FDD mode. We presented our views on PRACH configuration table in FR2-NTN.
Discussion
PRACH configuration
Table 6.3.3.2-4 in the TS38.211 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.
The design of the PRACH configuration tables takes into account the support of different semi-static uplink and downlink period configurations, different PRACH capacities, typical periods supported by common PRACH preamble formats of interest to different operators, and the uplink starting symbols within a slot in TDD mode. For PRACH configuration table for FR2-TDD it involves the following elements:
- PRACH configuration index (8-bit indication): 0-255;
- PRACH format: short sequence
- PRACH Configuration period: {10, 20, 40, 80, 160}ms;
- SFN mod configuration period;
- For bands above 6 GHz, PRACH time slot numbering is used, based on 60kHz SCS, granularity of 0.25ms;
- For 120kHz SCS, the PRACH timeslot number in 0.25ms can be 1 or 2;
 When only one RACH timeslot is available, a second PRACH timeslot is used;
- For 60kHz SCS, the number of PRACH time slots within 0.25ms is 1;
- Starting symbol index;
- The number of time-domain PRACH occasions within the PRACH time slot.
NR supports reserving n symbols for DL control channel at the beginning of a RACH slot with short PRACH preamble sequence in the TDD mode. The following values of starting symbol for each format are supported in the PRACH configuration table for FR2-TDD:
· A1: 0,7
· A2: 0,5 
· A3: 0,2,7
· B1: 2,8
· B4: 0,2
· A1/B1: 2,8
· A2/B2: 2,6
· A3/B3: 2
· C0: 0,8
· C2: 0,2,7
It is paired spectrum configuration in the FR2-NTN and there are different frequency band in downlink and uplink. So it isn’t necessary reserving n symbols for DL control channel at the beginning of a RACH slot with short PRACH preamble sequence as the TDD mode, which results in resource fragmentation and resource waste. Starting symbols for each first slot of all PRACH formats should be zero in the PRACH configuration table for FR2-NTN.
Proposal 1: Starting symbols for each first PRACH slot of all PRACH formats should be zero in the PRACH configuration table for FR2-NTN.
PRACH resources are allocated consecutively within a slot, and the SSB position is not considered when designing the PRACH configuration table for TN network. Nevertheless, there may be different types of satellites in NTN scenarios listed in Table 1, which list minimum and maximum RTT at the altitude of 600km and 1200km according to Min. elevation angle 10° for both service link and feeder link. As the maximum period of SSB to PRACH occasion association pattern is 160ms[9], SSB should be mapped to ROs at least once in an association period, so the SSB position and RTT should be considered for long PRACH configuration periods with large propagation delays in the NTN scenarios.
There is maximum RTT of 12.89ms for regenerative payload of LEO-600, and maximum RTT of 25.77ms for transparent payload of LEO-600, and maximum RTT of 20.87ms for regenerative payload of LEO-1200, and maximum RTT of 41.74ms for transparent payload of LEO-1200. So RO position should consider SSB position and propagation delay for long PRACH configuration period, such as {160,80}ms.
[bookmark: _Ref159005608]Table 1: RTT ranges in various types of NTN platforms[2]
	Platforms
	Transparent payload
	Regenerative payload

	
	Min. RTT
	Max. RTT
	Min. RTT
	Max. RTT

	LEO-600
	8ms
	25.77ms
	4ms
	12.89ms

	LEO-1200
	16ms
	41.74ms
	8ms
	20.87ms



SFN mod PRACH configuration period=1,2:  RTT range is from 10 to 29ms.
SFN mod PRACH configuration period=2,3:  RTT range is from 20 to 39ms.
SFN mod PRACH configuration period=3,4:  RTT range is from 30 to 49ms.
We suggest to add some configuration cases as SFN mod PRACH configuration period is equal to 3,4 for PRACH configuration period of {160,80}ms, otherwise, UE might miss the fore PRACH occasion and must wait next PRACH configuration period in the existing SFN for RO of the long PRACH configuration period, especially transparent payload of LEO-1200. Normally UE needs some processing time after SSB and system information detection.
Observation 1: UE may miss current PRACH occasion after SSB detection and must wait next PRACH configuration period in the existing SFN for RO of the long PRACH configuration period, especially transparent payload of LEO-1200.

The following table with new configuration is as shown.
Table 2: Random access configurations for FR2-NTN[3]
	PRACH
Config. 
Index
	Preamble format
	[image: ]
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	1XX
	B4
	16
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	1XX
	B4
	16
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	1XX
	B4
	16
	3,4
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	1XX
	B4
	16
	3,4
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	1XX
	B4
	8
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	1XX
	B4
	8
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	1XX
	B4
	8
	3,4
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	1XX
	B4
	8
	3,4
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	1XX
	B4
	8
	1,2
	9,19,29,39
	0
	2
	1
	12

	1XX
	B4
	8
	3,4
	9,19,29,39
	0
	2
	1
	12



Proposal 2: RO position configuration should consider SSB position and RTT for long PRACH configuration period of {160,80} ms, and propose to add new configuration of SFN mod PRACH configuration period is equal to 3,4.
PRACH configuration table design needs to consider different semi-static UL-DL configuration period, supporting{0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10}ms for FR2-TDD, but the PRACH configuration table for FDD doesn't need to consider the UL-DL configuration period, and it should be considered more in terms of the uniformity of the user's access opportunity, waiting time, and capacity, so the PRACH configuration table for FR2-FDD is recommended to remove or not to use non-uniform RO configuration. The following figure is as shown taking B4 format in FR2-TDD for example, we suggest to remove or not to adopt the configuration of marking “×”. Non-uniform configuration is not a problem for fixed or steerable beams, but for beam-hopping, non-uniform configuration will result in certain beam positions never being accessed.
Observation 2: Non-uniform PRACH occasion configuration is not a problem for fixed or steerable beams, but for beam-hopping, non-uniform configuration will result in certain beams never being accessed due to no RO allocation.  
[image: ]
Figure 1 FR2-NTN PRACH configuration suggest taking B4 for example
Proposal 3: Remove or not to adopt the non-uniform configuration in the origin PRACH configuration table in FR2-TDD if beam sweeping access is used. 
In NTN scenarios, there may be one beam per cell or multiple beams per cell, and the PRACH configuration table of FR2-NTN needs to satisfy the capacity requirements of different cells, i.e., This can be done by either have more or less subframes allocated. The number of RACH occasions within one RACH configuration period should be in accordance with existing principles:
· 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. 

[bookmark: _GoBack]In sum, PRACH configuration table for FR2-FDD should be designed in accordance with the following criteria:
- Only short sequences: 139-length sequence;
- 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;
- Supporting Msg1 of 60khz and 120khz SCS;
- The RO start symbols in FDD mode are all 0 and no other start symbol positions need to be considered;
- PRACH resources are allocated consecutively within a slot, and the SSB position and propagation delay should be considered when designing the PRACH configuration table for long PRACH configuration period of {160,80} ms, and suggest to add SFN mod PRACH configuration period is equal to3,4.
- More priority to Ax and Bx formats compared to Ax/Bx, but B4 is more preferred because of link budget in the NTN scenarios.
- Support 256 configurations.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]- 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. 
- Remove or not to adopt the non-uniform configuration in the PRACH configuration table in FR2-TDD. 

Example table illustration:
The following table is a proposal for simple modifications based on the PRACH configuration table for FR2-TDD with same number of configurations per format, by removing some configurations and adding some new configurations.
Table 3 Random access configuration example for FR2-NTN
	PRACH
Config. 
Index
	Preamble format
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	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
	suggestion

	112
	B4
	16
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12
	

	113
	B4
	16
	1,2
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	1
	12
	

	
	B4
	16
	3,4
	4,9,14,19,24,29,34,39
	0
	2
	1
	12
	new

	
	B4
	16
	3,4
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	1
	12
	new

	114
	B4
	8
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12
	

	115
	B4
	8
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12
	

	
	B4
	8
	3,4
	4,9,14,19,24,29,34,39
	0
	2
	1
	12
	new

	
	B4
	8
	3,4
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12
	new

	116
	B4
	8
	1,2
	9,19,29,39
	0
	2
	1
	12
	

	
	B4
	8
	3,4
	9,19,29,39
	0
	2
	1
	12
	new

	117
	B4
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	1
	12
	

	118
	B4
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	1
	12
	

	119
	B4
	4
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12
	

	120
	B4
	2
	1
	7,15,23,31,39
	2->0
	2
	1
	12
	modified

	121
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	1
	12
	

	122
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	1
	12
	

	123
	B4
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12
	

	124
	B4
	1
	0
	19, 39
	2->0
	2 
	1
	12
	modified

	125
	B4
	1
	0
	17, 19, 37, 39
	0
	1
	1
	12
	

	126
	B4
	1
	0
	24,29,34,39
	2
	1
	1
	12
	Remove
(non-uniform RO)

	127
	B4
	1
	0
	9,19,29,39
	2->0
	2->1 
	1
	12
	Modified 
(this case is duplicated after modifying starting symbol as 0)

	128
	B4
	1
	0
	9,19,29,39
	0
	2
	1
	12
	

	129
	B4
	1
	0
	7,15,23,31,39
	0
	1 
	1
	12
	

	130
	B4
	1
	0
	7,15,23,31,39
	0
	2
	1
	12
	

	131
	B4
	1
	0
	23,27,31,35,39
	0
	1
	1
	12
	Remove
(non-uniform RO)

	132
	B4
	1
	0
	23,27,31,35,39
	2
	2
	1
	12
	Remove
(non-uniform RO)

	133
	B4
	1
	0
	9,11,13,15,17,19
	0
	1 
	1
	12
	Remove
(non-uniform RO)

	134
	B4
	1
	0
	3,5,7,9,11,13
	2
	1
	1
	12
	Remove
(non-uniform RO)

	135
	B4
	1
	0
	4,9,14,19,24,29,34,39
	0
	1 
	1
	12
	

	136
	B4
	1
	0
	4,9,14,19,24,29,34,39
	2->0
	2
	1
	12
	modified

	137
	B4
	1
	0
	13,14,15, 29,30,31,37,38,39
	2
	2
	1
	12
	Remove
(non-uniform RO)

	138
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12
	

	139
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	2->0
	1->2
	1
	12
	Modified 
(this case is duplicated after modifying starting symbol as 0)

	140
	B4
	1
	0
	3, 5, 7, …, 23,25
	2
	1
	1
	12
	Remove
(non-uniform RO)

	141
	B4
	1
	0
	3, 5, 7, …, 23,25
	0
	2
	1
	12
	Remove
(non-uniform RO) 

	142
	B4
	1
	0
	1,3,5,7,…,37,39
	0
	1
	1
	12
	

	143
	B4
	1
	0
	0, 1, 2,…, 39
	2->0
	1
	1
	12
	modified




1 Conclusion
In view of problems of the PRACH configuration table above 10 GHz is mentioned over in RAN4 LS, we have the following observations:
Observation 1: UE may miss current PRACH occasion after SSB detection and must wait next PRACH configuration period in the existing SFN for RO of the long PRACH configuration period, especially transparent payload of LEO-1200.
Observation 2: Non-uniform PRACH occasion configuration is not a problem for fixed or steerable beams, but for beam-hopping, non-uniform configuration will result in certain beams never being accessed due to no RO allocation. 

So we have the following suggestions:
Proposal 1: Starting symbols for each first PRACH slot of all PRACH formats should be zero in the PRACH configuration table for FR2-NTN. 
Proposal 2: RO position configuration should consider SSB position and RTT for long PRACH configuration period of {160,80} ms, and propose to add new configuration of SFN mod PRACH configuration period equal to 3,4. 
Proposal 3: Remove or not to adopt the non-uniform configuration in the origin PRACH configuration table in FR2-TDD if beam sweeping access is used.  
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