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RAN1#114 made the following observation:

Observation
There is potential RAN1 discussion on the following aspects to support the RAN4 work on NTN above 10 GHz:
· PRACH configuration
· UE autonomous timing advance in connection with transmit timing errors and their associated requirements.
·  Timing issues, e.g. MAC-CE application time in case of VSAT antenna for NR over NTN
· Reference subcarrier spacing for FR2-NTN
· Potential specification impact
No RAN1 specification impact is foreseen on channel raster and synchronization raster for NTN above 10 GHz.

In this contribution we further discuss the physical layer parameters for FR2-NTN2. Mainly, the following potential necessary enhancements are discussed: 
•	Support of common TA third order derivative
•	MAC CE action timing application delay for VSAT
•	Random access configurations for FR2-NTN and paired spectrum

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


Table 2 Parameters used for one-way delay prediction Simulation 
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Proposal 1:
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 2:
The subcarrier spacing of 60kHz with extended CP is supported in FR2-NTN

MAC CE action timing application delay for VSAT
VSAT devices with directive antenna in both FR1 and FR2-NTN2 are considered in Release-18 work item scenarios. In FR2-NTN2, only VSAT UEs are supported.
VSAT differs from handheld devices by the usage of an external antenna, which shall provide a better link budget for high throughput services and low SNR areas.
There are different types of VSAT:
-	Fixed VSAT with a dish or phase antenna array
-	Mobile VSAT (e.g. Earth Station in Motion, ESIM)

Further, RAN4#107 made the following agreement: 
	Agreement:
· At least consider the differentiation between mechanical and electronic steering;
· FFS on phased array or parabolic;
· Encourage satellite companies to provide the data to show the beam switching delay.
· As the baseline, assume that UE has the single beam towards one single satellite at a given time.
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Figure 2 VSAT UE with directive antenna supported in both FR1 and FR2-NTN2

From our perspective, the beam switching delay which is characterizing  a VSAT UE will have to some extent impact on some physical layer mechanisms and should be discussed in RAN1.  Such impact may be more severe in case of VSAT with mechanical steering. We propose the following:
Proposal 3: 
RAN1 to discuss the impact on physical layer of the beam switching delay which is characterizing  a VSAT UE

In this regard, RAN1 should discuss the MAC CE action timing application delay for VSAT. 
NR MAC CE action timing inherits from LTE and has an application delay of 3 ms. UE assumes corresponding action on the downlink configuration indicated by a MAC-CE command shall be applied starting from the first slot after slot . In our view, in case of a VSAT UE, the application delay of 3 ms would not be sufficient especially in case of mechanical steering. One example where the legacy 3 ms application delay would not be enough is the application MAC CE transmission configuration indication (MAC CE TCI) that can be used to update serving beam which would require more time e.g. due to the extra delay introduced by mechanical steering.
One example where the legacy 3 ms application delay would not be enough is the application MAC CE transmission configuration indication (MAC CE TCI) that can be used to update serving beam which would require more time e.g. due to the delay inherent to mechanical steering

Therefore, an application delay of 𝑿 ms (yet to be defined) should be considered. And NTN UE can report its capability in terms of MAC CE action timing application delay 𝑿. 

Proposal 4: 
RAN1 to discuss the MAC CE action timing application delay for VSAT

The MAC CE latency for VSAT was already discussed during the SI phase: It was concluded that application delay for NTN may depend on UE capability. RAN1#98-Bis made the following agreement:
	Agreement in RAN1#98-Bis:
· When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot n, the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot (X can be determined when specifications are developed).




MAC CE action timing application delay for NTN UE is illustrated in Figure 3: Slot n is denoting the slot at which the PUCCH with HARQ-ACK acknowledging the PDSCH carrying MAC CE Command is received by the gNB. And the slot m is the slot where the UL or DL MAC CE command (e.g. TCI) is activated which is determined by the MAC CE action application delay of . Both Base Station and UE have the same understanding that MAC CE command is activated 𝑿 ms later i.e. in slot m
[image: ]
Figure 3 MAC CE TCI timing relationship enhancement with Kmac for a VSAT UE
Based on the above considerations we made the following proposals :

Proposal 5: 
When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot n, the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot .

Proposal 6: 
NTN UE can report its capability in terms of MAC CE action timing application delay 𝑿.

Proposal 7: 
Send LS to RAN4 requesting the value of 𝑿 (i.e. beam switching delay).

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. 

Proposal 8: 
RAN1 to define a new set of configuration indices for PRACH preambles applicable to paired spectrum within 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 9: 
The reference subcarrier spacing value for the unit of K_offset and K_mac is 120 kHz for FR2-NTN.

Conclusion
In this contribution. we made the following observations and proposals: 
Observation 1.	The timing error limits are tight for SCS=60 kHz and SCS=120 kHz in FR2-NTN.
Observation 2.	One example where the legacy 3 ms application delay would not be enough is the application MAC CE transmission configuration indication (MAC CE TCI) that can be used to update serving beam which would require more time e.g. due to the delay inherent to mechanical steering.

Proposal 1: 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 2:The subcarrier spacing of 60kHz with extended CP is supported in FR2-NTN
Proposal 3: RAN1 to discuss the impact on physical layer of the beam switching delay which is characterizing  a VSAT UE
Proposal 4: RAN1 to discuss the MAC CE action timing application delay for VSAT
Proposal 5: When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot n, the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot 
Proposal 6: NTN UE can report its capability in terms of MAC CE action timing application delay 𝑿.
Proposal 7: Send LS to RAN4 requesting the value of 𝑿 (i.e. beam switching delay).
Proposal 8: RAN1 to define a new set of configuration indices for PRACH preambles applicable to paired spectrum within FR2-NTN.
Proposal 9: The reference subcarrier spacing value for the unit of K_offset and K_mac is 120 kHz for FR2-NTN.
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