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RAN1#114bis made the following working assumptions and conclusions on the aspects related to the operation of NR over NTN in FR2-NTN, [4].

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

Conclusion
For operation in FR2-NTN, the value range in ms for K_offset and K-MAC shall be the same as for Rel-17 NR over NTN.

Working assumption
For operation in FR2-NTN, use a reference SCS of 15 kHz for the indication of K_offset and K_MAC.

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

Conclusion
For operation in FR2-NTN and for Rel-18, no additional MAC CE TCI application delay is introduced to facilitate mechanical beam steering with VSAT.

Working assumption
From RAN1 perspective, for operation in FR2-NTN, the granularity used for TA reporting is the same as corresponding to the reference subcarrier spacing applied for K_offset.

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
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#114bis made the following working assumption:

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



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:

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.

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.

In Table 6.3.3.2-4 of TS 38.211, there are 158 over 256 with a periodicity of 10ms (one frame). We do not think that such configuration is needed in NTN.  

Further, the timing of the PRACH occasions is fixed by the Configuration Index, satellite beams are sequentially allocated to PRACH occasions. Average waiting time for PRACH occasion is reduced if multiple beam share each PRACH occasion. 

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: 
[bookmark: _GoBack]Adopt a modified table for Random access configurations for FR2 and paired spectrum by introducing more PRACHConfigIndex with 160 and 80 periodicity and reducing the configurations with periodicity of 10. e.g. the following configurations for short format B4.

	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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	11x
	B4
	16
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	11x
	B4
	16
	1,2
	4,6,9,11,14,15,19,21,24,26,29,31,34,36,39
	0
	2
	1
	12

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

	11x
	B4
	16
	1,2
	3,5,7,9,11,13,15,17,19,21,2325,27,29,31,33,35,37,39
	0 
	1
	1
	12

	11x
	B4
	8
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	11x
	B4
	8
	1,2
	4,6,9,11,14,16, 19, 21,24,26,29,31,34,36,39
	0
	2
	1
	12

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

	11x
	B4
	8
	1,2
	3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,33,35,37,39
	0
	1
	1
	12

	11x
	B4
	8
	1,2
	9,19,29,39
	0
	2
	1
	12

	11x
	B4
	8
	1,2
	9,14,19,24,29,34,39
	0
	2
	1
	12

	11x
	B4
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	1
	12

	11x
	B4
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

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

	12x
	B4
	2
	1
	7,15,23,31,39
	2
	2
	1
	12

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

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

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

	12x
	B4
	1
	0
	19, 39
	2
	2 
	1
	12

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

	12x
	B4
	1
	0
	24,29,34,39
	2
	1
	1
	12

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

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

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

	13x
	B4
	1
	0
	7,15,23,31,39
	0
	2
	1
	12

	13x
	B4
	1
	0
	23,27,31,35,39
	0
	1
	1
	12

	13x
	B4
	1
	0
	23,27,31,35,39
	2
	2
	1
	12

	13x
	B4
	1
	0
	9,11,13,15,17,19
	0
	1 
	1
	12

	13x
	B4
	1
	0
	3,5,7,9,11,13
	2
	1
	1
	12

	13x
	B4
	1
	0
	4,9,14,19,24,29,34,39
	0
	1 
	1
	12

	13x
	B4
	1
	0
	4,9,14,19,24,29,34,39
	2
	2
	1
	12

	13x
	B4
	1
	0
	13,14,15, 29,30,31,37,38,39
	2
	2
	1
	12

	13x
	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
	1
	1
	12

	140
	B4
	1
	0
	3, 5, 7, …, 23,25
	2
	1
	1
	12

	141
	B4
	1
	0
	3, 5, 7, …, 23,25
	0
	2
	1
	12

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

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




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. It will be also relaxed but too-relaxed requirement may lead to UL performance degradation. We therefore expect that timing error limits will be tight for SCS=60 kHz and SCS=120 kHz in FR2-NTN.

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 1.

[image: ]
Figure 1 Maximum one-way common delay error [µs]


Table 2 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



Furthermore, from our view the SCS 60kHz with extended CP should be also supported in FR2-NTN. The duration of the extended CP is equal to 4.2 µs; almost the same as the CP duration of  SCS 15kHz and the timing requirements should be similar. Table 3 recalls the characteristics of  SCS 60kHz with extended CP .
Table 3 Numerologies with extended CP
	
	Numerologies with normal CP
	Numerologies with extended CP

	Subcarrier spacing [kHz]
	15
	60

	Symbol duration [us]
	66.7
	16.67

	Nominal CP [us]
	4.76
	4.2

	Nominal max carrier BW [MHz]
	49.5
	198

	Max FFT size
	4096
	4096

	Min scheduling interval (symbols)
	14
	12

	Min scheduling interval (slots)
	1
	1

	Min scheduling interval (ms) 
	1.0
	0.25

	Supported for data
	Yes
	Yes

	Supported for synchronization
	Yes
	Yes



Proposal 3:
The subcarrier spacing of 60kHz with extended CP is supported in FR2-NTN

Other system parameters for FR2-NTN
Release-17 defined the reference subcarrier spacing values for the unit of K_offset and the for the unit of K_mac in FR1. These reference subcarrier spacing values are still to be defined for FR2-NTN.

RAN1 #106-bis-e made the following agreements:

	RAN1 #106-bis-e:
Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2
Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2



Based on the above considerations, we made the following proposal:

Proposal 4: 
Confirm the following working assumption:

Working assumption
For operation in FR2-NTN, use a reference SCS of 15 kHz for the indication of K_offset and K_MAC.

Proposal 5:
Confirm the following working assumption:

Working assumption
From RAN1 perspective, for operation in FR2-NTN, the granularity used for TA reporting is the same as corresponding to the reference subcarrier spacing applied for K_offset.

Conclusion
In this contribution. we made the following observations and proposals: 

Proposal 1: 
Adopt a modified table for Random access configurations for FR2 and paired spectrum by introducing more PRACHConfigIndex with 160 and 80 periodicity and reducing the configurations with periodicity of 10. e.g. the table for short format B4 in section 2 of this contribution.

Observation 1.	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



Proposal 3:The subcarrier spacing of 60kHz with extended CP is supported in FR2-NTN

Proposal 4: 
Confirm the following working assumption:

Working assumption
For operation in FR2-NTN, use a reference SCS of 15 kHz for the indication of K_offset and K_MAC.

Proposal 5:
Confirm the following working assumption:

Working assumption
From RAN1 perspective, for operation in FR2-NTN, the granularity used for TA reporting is the same as corresponding to the reference subcarrier spacing applied for K_offset.
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