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RAN1#116 made the following conclusions on the aspects related to the operation of NR over NTN in FR2-NTN, [7]:

Conclusion
RAN1 does not pursue the aspects on negative timing advance indication through TAC in MAC RAR for FR2-NTN unless specifically requested by RAN4.

Conclusion
For frequency bands defined by FR2-NTN, RAN1 will not consider expanding the scope of extended cyclic prefix to cover SCS other than 60 kHz in Rel-18.

Conclusion
RAN1 will decide at RAN1#116bis on whether to reuse Table 6.3.3.2-4 of TS 38.211 without modification for NR over NTN for FR2-NTN in Rel-18, or to reuse the table with modifications.

The following agreements were made at RAN1#116 [4]:

Agreement
Confirm working assumption from RAN1#114-bis on reference SCS for K_offset and K_MAC.

Agreement
Confirm working assumption from RAN1#114-bis on the TA reporting granularity.

Agreement
The working assumption for cell search procedure is replaced with the following, and confirmed:
· For operation in FR2-NTN, for cell search procedure, Case D and Case E in TS 38.213 are used to allow FDD operation in bands defined by FR2-NTN without any update to SSB pattern.

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


Agreement
Create an LS response for RAN4 with the following text, and copy the relevant RAN1 agreements and conclusions made for FR2-NTN in the LS:

Overall description
RAN1 would like to thank RAN4 for their LS R4-2305926 (R1-2304309) on the operation of NR over NTN in frequency bands above 10 GHz.
RAN1 have had discussion on the topic over the past meetings and have reached a number of agreements, but some topics are still under consideration. The topics still under consideration are mainly related to the timing requirements associated to operation in bands defined by FR2-NTN. To help RAN1 progressing on the topic, it would be appreciated if RAN4 could provide the timing requirements for supporting NR over NTN in bands defined by FR2-NTN.

Actions:
RAN1 respectfully asks RAN4 to provide a response to the above question in order to aid the RAN1 discussions related to timing accuracy requirements.
Final LS is agreed in R1-2312553.

LS reply on the system parameters for NTN above 10 GHz received from RAN4 could be found in R1-2401957/ R4-2403494.

In this contributions we further discuss the remaining issues on the system parameters for FR2-NTN.

Random access configurations for FR2-NTN and paired spectrum
RAN1#116 made the following conclusion:
Conclusion
RAN1 will decide at RAN1#116bis on whether to reuse Table 6.3.3.2-4 of TS 38.211 without modification for NR over NTN for FR2-NTN in Rel-18, or to reuse the table with modifications.

3GPP TS 38.211 specifies 3 sets of configuration indices for PRACH preambles. The first set is applicable to paired and supplementary uplink spectrum within FR1. The second set is applicable to unpaired spectrum within FR1. And the third is applicable to unpaired spectrum within FR2.

These 3 sets are specified in the following tables of TS 38.211:
· Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.
· Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
· Table 6.3.3.2-4: Random access configurations for FR2 and unpaired spectrum.

With the FDD duplexing mode is in process of being defined for R18 NTN Ka band. A new set of configuration indices for PRACH preambles applicable to paired spectrum within FR2-NTN should be defined. 

RAN1#115 made the following agreement:

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

In principle, PRACH configuration selection criteria should consider the following aspects:
· PRACH format: Short Format in FR2
· Slot Format (FDD in FR2-NTN)
· PRACH Capacity need
· Latency requirement
· Root sequence index planning
· Beam sweeping
· NTN context: 
· In NTN, having one-beam-per-cell would be the common deployment scenario (even in FR2-NTN).
· Beam illumination plan: very large number of beam within the coverage area with only few beams could be illuminated simultaneously (especially when analog beamforming is used).

It is worth noting that RAN1 started the discussions on PRACH configuration tables in RAN1#91. Several alternatives on the number of tables for the PRACH configurations can be found in the contributions submitted to RAN1#91. PRACH configuration tables were extensively discussed at the subsequent RAN1 meetings.  
It worth noting that the following conclusion was made at RAN1#92 under AI 7.1.1.4.1, "Remaining details on PRACH formats" [5, R1-1803403]. It was decided to not specify a RACH configuration table for paired spectrum and FR2 because FDD duplexing mode was not supported.

Conclusion:
There is no paired spectrum defined in FR2. Hence, there would be no RACH configuration table for paired spectrum in FR2.

Therefore, for FR2, PRACH configuration was designed only for unpaired spectrum by considering the following aspects related to TDD:
· TDD frame structure: The DL-UL transmission structure consisting of DL slots, DL symbols, guard period, UL symbols, and UL slots. 
· The DL-UL transmission periodicity that can be configured as {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms
· Considerations on start position of PRACH for unpaired spectrum: To reduce the interference caused by downlink

From our perspective, the Table 6.3.3.2-4 of TS 38.211 designed originally for TDD systems is not optimal for FR2-NTN using FDD. We have the following observations:

Observation 1: Compared with FDD, the PRACH configuration tables for TDD FR1 and FR2 considered the downlink resources (e.g. SS/PBCH block, RMSI) and semi-static DL/UL locations, in order to reduce the potential collisions between RACH transmission occasions (ROs) and SS/PBCH block/DL part.

Observation 2: For FR2 TDD, PRACH occasion was designed to occupy the end of a semi-static UL/DL configuration period. We propose that this constraint should be removed for the PRACH configuration for FR2-NTN with FDD duplexing mode.

Observation 3: In Table 6.3.3.2-4 of TS 38.211, there are 158 over 256 PRACH configurations with a periodicity of 10ms (one frame) and only 19 configurations with a periodicity of 160ms . While these configurations with lower periodicity could be beneficial for low latency services, we   do not think that such configurations are needed in NTN where the beam sweeping cycle and the beam illumination plan with large beam hopping period may not allow such low PRACH periodicity.    

Other aspect that should be considered for PRACH configuration selection is the Root Sequence Index (RSI) planning: For NTN deployment, the Root sequence index planning may adopt the following strategy:
· All neighbor cells are allocated common PRACH configuration index but a different Root sequence index 
However, to reduce the probability of root sequence collision, the following strategy is preferred:
· All the cells within the same satellite/gNB are allocated a common Root sequence index but a different combination of a PRACH configuration index and PRACH frequency offset as shown in Figure 1.

Observation 4: To reduce the probability of root sequence collision (RSI), the following strategy is preferred: All the cells within the same satellite/gNB are allocated a common Root sequence index but a different combination of a PRACH configuration index and PRACH frequency offset. A New PRACH configuration index table for FR2 FDD should be introduced to allow such RSI planning method .
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Figure 1 Root sequence index planning in NTN


Based on the above observations, and for flexible operation in NTN, we propose the following Table for Random access configurations for FR2 and paired spectrum:



Proposal 1: 
Adopt the following table for Random access configurations for FR2 and paired spectrum:

	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
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	0
	A1
	16
	1
	1
	0
	2
	6
	2

	1
	A1
	16
	1
	2
	0
	2
	6
	2

	2
	A1
	16
	1
	3
	0
	2
	6
	2

	3
	A1
	16
	1
	4
	0
	2
	6
	2

	4
	A1
	16
	1
	5
	0
	2
	6
	2

	5
	A1
	16
	1
	6
	0
	2
	6
	2

	6
	A1
	16
	1
	7
	0
	2
	6
	2

	7
	A1
	16
	1
	8
	0
	2
	6
	2

	8
	A1
	16
	1
	9
	0
	2
	6
	2

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

	10
	A1
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	6 
	2

	11
	A1
	8
	1
	1
	0
	2
	6
	2

	12
	A1
	8
	1
	2
	0
	2
	6
	2

	13
	A1
	8
	1
	3
	0
	2
	6
	2

	14
	A1
	8
	1
	4
	0
	2
	6
	2

	15
	A1
	8
	1
	5
	0
	2
	6
	2

	16
	A1
	8
	1
	6
	0
	2
	6
	2

	17
	A1
	8
	1,2
	9,19,29,39
	0
	2
	6
	2

	18
	A1
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

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

	20
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2

	21
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	22
	A1
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2

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

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

	25
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	26
	A1
	2
	1
	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
	0
	1
	3
	2

	29
	A2
	16
	1
	1
	0
	2
	3
	4

	30
	A2
	16
	1
	2
	0
	2
	3
	4

	31
	A2
	16
	1
	3
	0
	2
	3
	4

	32
	A2
	16
	1
	4
	0
	2
	3
	4

	33
	A2
	16
	1
	5
	0
	2
	3
	4

	34
	A2
	16
	1
	6
	0
	2
	3
	4

	35
	A2
	16
	1
	7
	0
	2
	3
	4

	36
	A2
	16
	1
	8
	0
	2
	3
	4

	37
	A2
	16
	1
	9
	0
	2
	3
	4

	38
	A2
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	3
	4

	39
	A2
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	3
	4

	40
	A2
	8
	1
	1
	0
	2
	3
	4

	41
	A2
	8
	1
	2
	0
	2
	3
	4

	42
	A2
	8
	1
	3
	0
	2
	3
	4

	43
	A2
	8
	1
	4
	0
	2
	3
	4

	44
	A2
	8
	1
	5
	0
	2
	3
	4

	45
	A2
	8
	1
	6
	0
	2
	3
	4

	46
	A2
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	3
	4

	47
	A2
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3 
	4

	48
	A2
	8
	1,2
	9,19,29,39
	0
	2
	3
	4

	49
	A2
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	50
	A2
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	3
	4

	51
	A2
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3
	4

	52
	A2
	2
	1
	7,15,23,31,39
	0
	2
	3
	4

	53
	A2
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	54
	A2
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	3
	4

	55
	A2
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3
	4

	56
	A2
	1
	0
	1,3,5,7,…,37,39
	0
	1
	3
	4

	57
	A2
	1
	0
	0,1,2,…,39
	0
	1
	2
	4

	58
	A3
	16
	1
	1
	0
	2
	2
	6

	59
	A3
	16
	1
	2
	0
	2
	2
	6

	61
	A3
	16
	1
	3
	0
	2
	2
	6

	62
	A3
	16
	1
	4
	0
	2
	2
	6

	63
	A3
	16
	1
	5
	0
	2
	2
	6

	64
	A3
	16
	1
	6
	0
	2
	2
	6

	65
	A3
	16
	1
	7
	0
	2
	2
	6

	66
	A3
	16
	1
	8
	0
	2
	2
	6

	67
	A3
	16
	1
	9
	0
	2
	2
	6

	68
	A3
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	69
	A3
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	2
	6

	70
	A3
	8
	1
	1
	0
	2
	2
	6

	71
	A3
	8
	1
	2
	0
	2
	2
	6

	72
	A3
	8
	1
	3
	0
	2
	2
	6

	73
	A3
	8
	1
	4
	0
	2
	2
	6

	74
	A3
	8
	1
	5
	0
	2
	2
	6

	75
	A3
	8
	1
	6
	0
	2
	2
	6

	76
	A3
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	77
	A3
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	78
	A3
	8
	1,2
	9,19,29,39
	0
	2
	2
	6

	79
	A3
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	80
	A3
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	81
	A3
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	82
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	83
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	84
	A3
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	85
	A3
	1
	0
	1,3,5,7,…,37,39
	0
	1
	2
	6

	86
	A3
	1
	0
	0,1,2,…,39
	0
	1
	1
	6

	87
	B1
	16
	1
	1
	0
	2
	6
	2

	88
	B1
	16
	1
	2
	0
	2
	6
	2

	89
	B1
	16
	1
	3
	0
	2
	6
	2

	90
	B1
	16
	1
	4
	0
	2
	6
	2

	91
	B1
	16
	1
	5
	0
	2
	6
	2

	92
	B1
	16
	1
	6
	0
	2
	6
	2

	93
	B1
	16
	1
	7
	0
	2
	6
	2

	94
	B1
	16
	1
	8
	0
	2
	6
	2

	95
	B1
	16
	1
	9
	0
	2
	6
	2

	96
	B1
	16
	1
	10
	0
	2
	6
	2

	97
	B1
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	98
	B1
	8
	1
	1
	0
	2
	6
	2

	99
	B1
	8
	1
	2
	0
	2
	6
	2

	100
	B1
	8
	1
	3
	0
	2
	6
	2

	101
	B1
	8
	1
	4
	0
	2
	6
	2

	102
	B1
	8
	1
	5
	0
	2
	6
	2

	103
	B1
	8
	1
	6
	0
	2
	6
	2

	104
	B1
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	105
	B1
	8
	1,2
	9,19,29,39
	0
	2
	6
	2

	106
	B1
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	107
	B1
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	108
	B1
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2

	110
	B1
	1
	0
	1,3,5,7,…,37,39
	0
	1
	6
	2

	111
	B1
	1
	0
	0,1,2,…,39
	0
	1
	3
	2

	112
	B4
	16
	1
	1
	0
	2
	1
	12

	113
	B4
	16
	1
	2
	0
	2
	1
	12

	114
	B4
	16
	1
	3
	0
	2
	1
	12

	115
	B4
	16
	1
	4
	0
	2
	1
	12

	116
	B4
	16
	1
	5
	0
	2
	1
	12

	117
	B4
	16
	1
	6
	0
	2
	1
	12

	118
	B4
	16
	1
	7
	0
	2
	1
	12

	119
	B4
	16
	1
	8
	0
	2
	1
	12

	120
	B4
	16
	1
	9
	0
	2
	1
	12

	121
	B4
	16
	1
	10
	0
	2
	1
	12

	122
	B4
	16
	1
	11
	0
	2
	1
	12

	123
	B4
	16
	1
	12
	0
	2
	1
	12

	124
	B4
	16
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	125
	B4
	16
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	126
	B4
	8
	1
	1
	0
	2
	1
	12

	127
	B4
	8
	1
	2
	0
	2
	1
	12

	128
	B4
	8
	1
	3
	0
	2
	1
	12

	129
	B4
	8
	1
	4
	0
	2
	1
	12

	130
	B4
	8
	1
	5
	0
	2
	1
	12

	131
	B4
	8
	1
	6
	0
	2
	1
	12

	132
	B4
	8
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	133
	B4
	8
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	134
	B4
	8
	1,2
	9,19,29,39
	0
	2
	1
	12

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

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

	137
	B4
	4
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	138
	B4
	2
	1
	7,15,23,31,39
	0
	2
	1
	12

	139
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	1
	12

	140
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	141
	B4
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

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

	143
	B4
	1
	0
	0, 1, 2,…, 39
	0
	1
	1
	12

	144
	C0
	16
	1
	1
	0
	2
	7
	2

	145
	C0
	16
	1
	2
	0
	2
	7
	2

	146
	C0
	16
	1
	3
	0
	2
	7
	2

	147
	C0
	16
	1
	4
	0
	2
	7
	2

	148
	C0
	16
	1
	5
	0
	2
	7
	2

	149
	C0
	16
	1
	6
	0
	2
	7
	2

	150
	C0
	16
	1
	7
	0
	2
	7
	2

	151
	C0
	16
	1
	8
	0
	2
	7
	2

	152
	C0
	16
	1
	9
	0
	2
	7
	2

	153
	C0
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	7
	2

	154
	C0
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	7
	2

	155
	C0
	8
	1
	1
	0
	1
	7
	2

	156
	C0
	8
	1
	2
	0
	1
	7
	2

	157
	C0
	8
	1
	3
	0
	1
	7
	2

	158
	C0
	8
	1
	4
	0
	1
	7
	2

	159
	C0
	8
	1
	5
	0
	1
	7
	2

	160
	C0
	8
	1
	6
	0
	1
	7
	2

	161
	C0
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	7
	2

	162
	C0
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	7
	2

	163
	C0
	8
	1,2
	9,19,29,39
	0
	2
	7
	2

	164
	C0
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	7
	2

	165
	C0
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	7
	2

	166
	C0
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	7
	2

	167
	C0
	2
	1
	7,15,23,31,39
	0
	2
	7
	2

	168
	C0
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	7
	2

	169
	C0
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	7
	2

	170
	C0
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	7
	2

	171
	C0
	1
	0
	1,3,5,7,…,37,39
	0
	1
	7
	2

	172
	C0
	1
	0
	0,1,2,…,39
	0
	1
	3
	2

	173
	C2
	16
	1
	1
	0
	2
	2
	6

	174
	C2
	16
	1
	2
	0
	2
	2
	6

	175
	C2
	16
	1
	3
	0
	2
	2
	6

	176
	C2
	16
	1
	4
	0
	2
	2
	6

	177
	C2
	16
	1
	5
	0
	2
	2
	6

	178
	C2
	16
	1
	6
	0
	2
	2
	6

	179
	C2
	16
	1
	7
	0
	2
	2
	6

	180
	C2
	16
	1
	8
	0
	2
	2
	6

	181
	C2
	16
	1
	9
	0
	2
	2
	6

	182
	C2
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	183
	C2
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	184
	C2
	8
	1
	1
	0
	2
	2
	6

	185
	C2
	8
	1
	2
	0
	2
	2
	6

	186
	C2
	8
	1
	3
	0
	2
	2
	6

	187
	C2
	8
	1
	4
	0
	2
	2
	6

	188
	C2
	8
	1
	5
	0
	2
	2
	6

	189
	C2
	8
	1
	6
	0
	2
	2
	6

	190
	C2
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	191
	C2
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	192
	C2
	8
	1,2
	9,19,29,39
	0
	2
	2
	6

	193
	C2
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	194
	C2
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	195
	C2
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	196
	C2
	2
	1
	7,15,23,31,39
	0
	2
	2
	6

	197
	C2
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	198
	C2
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	199
	C2
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	200
	C2
	1
	0
	1,3,5,7,…,37,39
	0
	1
	2
	6

	201
	C2
	1
	0
	0,1,2,…,39
	0
	1
	1
	6

	202
	A1/B1
	16
	1
	1
	0
	1
	6
	2

	203
	A1/B1
	16
	1
	2
	0
	1
	6
	2

	204
	A1/B1
	16
	1
	3
	0
	1
	6
	2

	205
	A1/B1
	16
	1
	4
	0
	1
	6
	2

	206
	A1/B1
	16
	1
	5
	0
	1
	6
	2

	207
	A1/B1
	16
	1
	6
	0
	1
	6
	2

	208
	A1/B1
	16
	1
	7
	0
	1
	6
	2

	209
	A1/B1
	16
	1
	8
	0
	1
	6
	2

	210
	A1/B1
	16
	1
	9
	0
	1
	6
	2

	211
	A1/B1
	16
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2

	212
	A1/B1
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2

	213
	A1/B1
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2

	214
	A1/B1
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2

	215
	A1/B1
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2

	216
	A1/B1
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2

	217
	A1/B1
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2

	218
	A1/B1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2

	219
	A1/B1
	1
	0
	1,3,5,7,…,37,39
	0
	1
	6
	2

	220
	A2/B2
	16
	1
	1
	0
	1
	3
	4

	221
	A2/B2
	16
	1
	2
	0
	1
	3
	4

	222
	A2/B2
	16
	1
	3
	0
	1
	3
	4

	223
	A2/B2
	16
	1
	4
	0
	1
	3
	4

	224
	A2/B2
	16
	1
	5
	0
	1
	3
	4

	225
	A2/B2
	16
	1
	6
	0
	1
	3
	4

	226
	A2/B2
	16
	1
	7
	0
	1
	3
	4

	227
	A2/B2
	16
	1
	8
	0
	1
	3
	4

	228
	A2/B2
	16
	1
	9
	0
	1
	3
	4

	229
	A2/B2
	16
	1
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	230
	A2/B2
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3
	4

	231
	A2/B2
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	232
	A2/B2
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3
	4

	233
	A2/B2
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	234
	A2/B2
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3
	4

	235
	A2/B2
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	236
	A2/B2
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3
	4

	237
	A2/B2
	1
	0
	1,3,5,7,…,37,39
	0
	1
	3
	4

	238
	A3/B3
	16
	1
	1
	0
	1
	2
	6

	239
	A3/B3
	16
	1
	2
	0
	1
	2
	6

	240
	A3/B3
	16
	1
	3
	0
	1
	2
	6

	241
	A3/B3
	16
	1
	4
	0
	1
	2
	6

	242
	A3/B3
	16
	1
	5
	0
	1
	2
	6

	243
	A3/B3
	16
	1
	6
	0
	1
	2
	6

	244
	A3/B3
	16
	1
	7
	0
	1
	2
	6

	245
	A3/B3
	16
	1
	8
	0
	1
	2
	6

	246
	A3/B3
	16
	1
	9
	0
	1
	2
	6

	247
	A3/B3
	16
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	248
	A3/B3
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	249
	A3/B3
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	250
	A3/B3
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	251
	A3/B3
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	252
	A3/B3
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	253
	A3/B3
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	254
	A3/B3
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	255
	A3/B3
	1
	0
	1,3,5,7,…,37,39
	0
	1
	2
	6




Support of common TA third order derivative
As outlined in [2, R1-2304309/R4-230592] for R18 NTN Ka band, 60 kHz and 120 kHz Sub-Carrier Spacing (SCS) are considered. Further, 120 kHz and 240 kHz SCS are considered for SSB RAN4 discussions are still ongoing on how to define the maximum timing errors (Te) for 60 kHz and 120 kHz sub-carrier spacing, which had not been defined for NTN FR1 in Release-17. Moreover, maximum timing errors (Te) defined in Release-17 may not be compatible with 60 kHz and 120 kHz sub-carrier spacing configurations due to lower CP length. RAN4 RRM is currently investigating maximum timing errors (Te_NTN) limits, maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN, for 60 kHz and 120 kHz sub-carrier spacing for R18 NTN Ka band.

In Release-17, the timing requirements were defined only for 15 and 30 kHz SCS. These timing errors limits were relaxed by considering the additional timing errors in NTN due to GNSS error and prediction error in service link. Prediction error using common TA parameters is also one of the source of the errors impacting uplink time synchronization that should be also considered. 
To limit the Common TA prediction error, the UE should acquire new Common TA parameters quite often: As shown in Figure 1: The UE can predict/calculate the common TA with an error less than  1 TS (32. 576 ns) only within 4.5 seconds validity duration when a 2nd  order common TA parameter is indicated.

The timing transmission error is being defined for FR2-NTN. In RAN1#115, RAN1 sent an LS asking RAN4 to provide a response to provide inputs on the acceptable timing transmission error for FR2-NTN  in order to aid the RAN1 discussions related to timing accuracy requirements. Final LS is agreed in R1-2312553.

Te_NTN is for FR2 NTN is given by the following tables: Specified in Table 7.1C.2-2 and Table 7.1C.2-3 for VSAT UE in FR2-NTN in TS 38.133 [6, R4-2321642]. 

Table 1 Te_NTN Timing Error Limit for fixed VSAT is served by GSO and fixed VSAT is served by NGSO
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	FR2-NTN
	120
	60
	13*64*Tc

	
	
	120
	7.5*64*Tc

	
	240
	60
	13*64*Tc

	
	
	120
	7.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 



It is FFS on the applicable side condition for fixed VSAT is served by NGSO.

Table 2 Te_NTN Timing Error Limit for mobile VSAT is served by GSO
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	FR2-NTN
	120
	60
	13*64*Tc

	
	
	120
	[Higher value than 7.5]*64*Tc

	
	240
	60
	13*64*Tc

	
	
	120
	[Higher value than 7.5]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 



Further, RAN4 #110 made the following agreements [8]:

[bookmark: _Hlk151008787]Issue 1-3: Further relaxation of Te_NTN for PRACH
Online Agreement:
· Define same Te_NTN requirements for all UL channels, i.e. no separate Te_NTN requirement for PRACH
Issue 1-6A: Te_NTN for 60kHz and 120kHz in Case2 (Stationary UE + NGSO satellite)
Agreement: (ad-hoc agreement)
· For 120kHz of UL SCS in case2, the requirements are applicable only if the ephemeris information be refreshed (i.e. update rate of ephemeris information in SIB19) at least every X seconds.
· X= [7] s
Issue 1-6B: Te_NTN for 60kHz and 120kHz in Case3 (Mobile UE + GSO satellite)
Agreement:
· For 120kHz of UL SCS in case3, Te_NTN [Ts] is X.
· [10] Ts
· Further discussion on the side condition is not precluded in maintenance part based on contribution driven.

Observation 5: The timing error limits are tight for SCS=60 kHz and SCS=120 kHz in FR2-NTN.

Based on the above considerations, we propose to introduce a 3rd order derivative (TACommonThirdOrder) for the Common TA. This TACommonThirdOrder was extensively discussed during Release-17 normative phase but it was not agreed because higher SCS (60 and 120 kHz) are not supported in Release-17. From our perspective, the benefit of  TACommonThirdOrder is clear: the validity duration of Common TA parameters is extended when TACommonThirdOrder is used as depicted in Figure 1. 
Figure 1 shows the one way common delay error vs Common TA validity duration. The simulation parameters are given in Table 3.

[image: ]
Figure 2 Maximum one-way common delay error [µs]


Table 3 Parameters used for one-way delay prediction Simulation 
[image: ]

Proposal 2:
Higher-layer parameter TACommonThirdOrder can be indicated with the following range, granularity and bits allocation:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	TACommonThirdOrder
	-4912…+4912
(-0.015 …+0.015 )
	
	14 bits

	Value range is given in unit of corresponding granularity




Conclusion
In this contribution. we made the following observations and proposals: 
Random access configurations for FR2-NTN and paired spectrum:

Observation 1: Compared with FDD, the PRACH configuration tables for TDD FR1 and FR2 considered the downlink resources (e.g. SS/PBCH block, RMSI) and semi-static DL/UL locations, in order to reduce the potential collisions between RACH transmission occasions (ROs) and SS/PBCH block/DL part.

Observation 2: For FR2 TDD, PRACH occasion was designed to occupy the end of a semi-static UL/DL configuration period. We propose that this constraint should be removed for the PRACH configuration for FR2-NTN with FDD duplexing mode.

Observation 3: In Table 6.3.3.2-4 of TS 38.211, there are 158 over 256 PRACH configurations with a periodicity of 10ms (one frame) and only 19 configurations with a periodicity of 160ms . While these configurations with lower periodicity could be beneficial for low latency services, we   do not think that such configurations are needed in NTN where the beam sweeping cycle and the beam illumination plan with large beam hopping period may not allow such low PRACH periodicity.    

Observation 4: To reduce the probability of root sequence collision (RSI), the following strategy is preferred: All the cells within the same satellite/gNB are allocated a common Root sequence index but a different combination of a PRACH configuration index and PRACH frequency offset. A New PRACH configuration index table for FR2 FDD should be introduced to allow such RSI planning method .



Proposal 1: 
Adopt the following table for Random access configurations for FR2 and paired spectrum:

	PRACH
Config. 
Index
	Preamble format
	
	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

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	0
	A1
	16
	1
	1
	0
	2
	6
	2

	1
	A1
	16
	1
	2
	0
	2
	6
	2

	2
	A1
	16
	1
	3
	0
	2
	6
	2

	3
	A1
	16
	1
	4
	0
	2
	6
	2

	4
	A1
	16
	1
	5
	0
	2
	6
	2

	5
	A1
	16
	1
	6
	0
	2
	6
	2

	6
	A1
	16
	1
	7
	0
	2
	6
	2

	7
	A1
	16
	1
	8
	0
	2
	6
	2

	8
	A1
	16
	1
	9
	0
	2
	6
	2

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

	10
	A1
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	6 
	2

	11
	A1
	8
	1
	1
	0
	2
	6
	2

	12
	A1
	8
	1
	2
	0
	2
	6
	2

	13
	A1
	8
	1
	3
	0
	2
	6
	2

	14
	A1
	8
	1
	4
	0
	2
	6
	2

	15
	A1
	8
	1
	5
	0
	2
	6
	2

	16
	A1
	8
	1
	6
	0
	2
	6
	2

	17
	A1
	8
	1,2
	9,19,29,39
	0
	2
	6
	2

	18
	A1
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

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

	20
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	6
	2

	21
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	22
	A1
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6
	2

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

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

	25
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	26
	A1
	2
	1
	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
	0
	1
	3
	2

	29
	A2
	16
	1
	1
	0
	2
	3
	4

	30
	A2
	16
	1
	2
	0
	2
	3
	4

	31
	A2
	16
	1
	3
	0
	2
	3
	4

	32
	A2
	16
	1
	4
	0
	2
	3
	4

	33
	A2
	16
	1
	5
	0
	2
	3
	4

	34
	A2
	16
	1
	6
	0
	2
	3
	4

	35
	A2
	16
	1
	7
	0
	2
	3
	4

	36
	A2
	16
	1
	8
	0
	2
	3
	4

	37
	A2
	16
	1
	9
	0
	2
	3
	4

	38
	A2
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	3
	4

	39
	A2
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	3
	4

	40
	A2
	8
	1
	1
	0
	2
	3
	4

	41
	A2
	8
	1
	2
	0
	2
	3
	4

	42
	A2
	8
	1
	3
	0
	2
	3
	4

	43
	A2
	8
	1
	4
	0
	2
	3
	4

	44
	A2
	8
	1
	5
	0
	2
	3
	4

	45
	A2
	8
	1
	6
	0
	2
	3
	4

	46
	A2
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	3
	4

	47
	A2
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3 
	4

	48
	A2
	8
	1,2
	9,19,29,39
	0
	2
	3
	4

	49
	A2
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	50
	A2
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	3
	4

	51
	A2
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3
	4

	52
	A2
	2
	1
	7,15,23,31,39
	0
	2
	3
	4

	53
	A2
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	54
	A2
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	3
	4

	55
	A2
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3
	4

	56
	A2
	1
	0
	1,3,5,7,…,37,39
	0
	1
	3
	4

	57
	A2
	1
	0
	0,1,2,…,39
	0
	1
	2
	4

	58
	A3
	16
	1
	1
	0
	2
	2
	6

	59
	A3
	16
	1
	2
	0
	2
	2
	6

	61
	A3
	16
	1
	3
	0
	2
	2
	6

	62
	A3
	16
	1
	4
	0
	2
	2
	6

	63
	A3
	16
	1
	5
	0
	2
	2
	6

	64
	A3
	16
	1
	6
	0
	2
	2
	6

	65
	A3
	16
	1
	7
	0
	2
	2
	6

	66
	A3
	16
	1
	8
	0
	2
	2
	6

	67
	A3
	16
	1
	9
	0
	2
	2
	6

	68
	A3
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	69
	A3
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	2
	6

	70
	A3
	8
	1
	1
	0
	2
	2
	6

	71
	A3
	8
	1
	2
	0
	2
	2
	6

	72
	A3
	8
	1
	3
	0
	2
	2
	6

	73
	A3
	8
	1
	4
	0
	2
	2
	6

	74
	A3
	8
	1
	5
	0
	2
	2
	6

	75
	A3
	8
	1
	6
	0
	2
	2
	6

	76
	A3
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	77
	A3
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	78
	A3
	8
	1,2
	9,19,29,39
	0
	2
	2
	6

	79
	A3
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	80
	A3
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	81
	A3
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	82
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	2
	6

	83
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	2
	6

	84
	A3
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2
	6

	85
	A3
	1
	0
	1,3,5,7,…,37,39
	0
	1
	2
	6

	86
	A3
	1
	0
	0,1,2,…,39
	0
	1
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Support of common TA third order derivative:

Observation 5.	The timing error limits are tight for SCS=60 kHz and SCS=120 kHz in FR2-NTN.

Proposal 2: Higher-layer parameter TACommonThirdOrder can be indicated with the following range, granularity and bits allocation:
	Parameter name 
	Value range
	Granularity
	Bits allocation

	TACommonThirdOrder
	-4912…+4912
(-0.015 …+0.015 )
	
	14 bits

	Value range is given in unit of corresponding granularity
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