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Introduction
RRM requirements for NTN in Ka band are discussed in RAN4#108-bis, and the outcomes are captured in WF [1]. Based on [1], the following issues need to be further discussed.
· UL timing requirements
· Measurement and mobility requirements
In this paper we will provide our views on RRM requirements for NTN in Ka band.
Discussion
UL timing requirements
	Issue 1-6: Te_NTN for 60kHz and 120kHz
Agreement:
Companies should provide ‘the exact value of Te_NTN and values assumed for X and Y’ and ‘the analysis result based on the following criterion.’ Otherwise, the values/proposals won’t be captured in the list of options.
Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm): an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm
· Tm: a margin needed at gNB receiver to accommodate any additional impairments if needed.
· If a non-zero value is assumed in the proposal for Tm, the source of the impairments shall be provided too.
Technical analysis is required if any number will be provided for each of the components in the next meeting.
Whether the same or different values for different channels is contribution driven.

	Issue 1-2: Common vs. Different UE uplink timing accuracy requirements for different cases (Case-1/2/3)
Agreement:
· Further discuss achievable UE performance under different cases, FFS whether separate requirements needed or not.

	Issue 1-5: Te_NTN for 120kHz
Agreement:
· FFS whether different set of Te_NTN requirements needed for UL SCS 120kHz.


We used the following values for deriving the timing requirements.
· Td: 
· 3.5Ts for 60kHz, which is same as in TN.
· 1.6Ts for 120kHz. We suggest to tighten Td to the same level as in FR2-2 (highlighted case in Table 7.1.2-1). Technically, the sampling interval for 120kHz with smallest BW 50MHz is 1Ts, so Td = 1.6Ts is achievable. As a comparison, the sampling interval for 15kHz with smallest BW 5MHz is 8Ts and Te is defined as 12Ts. Of course, there are more challenges when SCS gets higher, but we believe it is possible at least for VSAT UEs. 
	Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	2-2
	120
	120
	3.5*64*Tc

	
	
	480
	1.58*64*Tc

	
	480
	120
	2.86*64*Tc

	
	
	480
	1.35*64*Tc

	
	
	960
	0.90*64*Tc

	
	960
	120
	2.80*64*Tc

	
	
	480
	1.13*64*Tc

	
	
	960
	0.86*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]





· Tp: we suggest to use the following X and Y for different cases
· Case 1: X = 10m, Y= 10m
· Case 2: X = 10m, Y= 15m
· Case 3: X = 40m, Y= 10m
· Tr: it is half of the step size of TA command ()
· 2Ts for 60kHz
· 1Ts for 120kHz
· Ta: as defined in TN requirements in clause 7.3.2.2
· 1Ts for 60kHz
· 0.5Ts for 120kHz
· Tf: 0.5Ts based on 0.1ppm frequency error
· Tm: 0  
Based on above assumptions the resulted Te_NTN and Tg are shown in Table 1.
Table 1: Te_NTN and Tg for different cases and different SCS
	
	60kHz
	120kHz

	
	Te_NTN
	Tg
	Te_NTN
	Tg

	Case 1 (X = 10m, Y= 10m)
	7.6
	6.9
	5.7
	1.3

	Case 2 (X = 10m, Y= 15m)
	8.6
	6.0
	6.7
	0.3

	Case 3 (X = 40m, Y= 10m)
	13.7
	0.8
	11.8
	-4.8


It can be seen that for most cases except for the combination of (120kHz, Case 3), Tg > 0 can be satisfied. Since there is not much difference between Case 1 and Case 2, we suggest to define two sets of UL timing requirements based on Case 2 and Case 3 respectively.
One issue discussed last meeting is whether Tg > 0 is considered as a hard limit to support a combination from requirement perspective, or in other word, whether to define requirements for combination of (120kHz, Case 3). We support to define the requirements. 
We understand the Tg < 0 means that gNB may observe timing error for UL demodulation, but it does not mean the UL is blocked. Based on our evaluation, with the timing error of 4.8Ts (~27% CP), the main impact is on the high order modulation like 64QAM, while the impact is small for 16QAM and QPSK. Therefore, we do not see any reason to preclude the combination in spec.
Another issue raised up by companies last meeting is how to define different Cases in the spec. We understand the NW should be clear about the orbit type GSO/NGSO, so the question is how to define fixed and mobile UE. One way is to reuse the capability discussed in RF, and another way is to define a separate capability from RRM timing perspective. 
Proposal 1: RAN4 to define timing requirements as highlighted in Table 1.
· separately for 60kHz and 120kHz SCS
· separately for Case 2 and Case 3, FFS how to define fixed and mobile UE
Table 1: Te_NTN and Tg for different cases and different SCS
	
	60kHz
	120kHz

	
	Te_NTN
	Tg
	Te_NTN
	Tg

	Case 1 (X = 10m, Y= 10m)
	7.6
	6.9
	5.7
	1.3

	Case 2 (X = 10m, Y= 15m)
	8.6
	6.0
	6.7
	0.3

	Case 3 (X = 40m, Y= 10m)
	13.7
	0.8
	11.8
	-4.8



	Issue 1-3: Further relaxation of Te_NTN for PRACH
Agreement:
· Define Te_NTN requirements for uplink signals/channels except for PRACH first, and come back to the issue to decide whether to introduce a different set of requirements for PRACH.


In our view, same requirements should apply for all UL channels and signals because TA is included in the reference time. The actual TA is up to NW, and an accurate TA does not mean UE is expected to meet a more tightened requirement. 
	The UE shall meet the Te_NTN requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. and the UE has a validity time running for NTA,common  and  NTA,UE-specific. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus .


Proposal 2: Define same Te_NTN requirements for all UL channels.
Measurement and mobility requirements
	Issue 2-1: RRC Idle and Inactive mobility
Agreement:
· For Type 1 UE, UE requirements on RRC Idle and Inactive mobility in intra-satellite scenario reuse FR1 NTN requirements with Ksatellite = 1 without inter-satellite measurement configuration.
· For Type 2 UE, UE requirements on RRC Idle and Inactive mobility in intra-satellite scenario reuse FR1 NTN requirements with Ksatellite = 1 without inter-satellite measurement configuration. Note: RRC Idle and Inactive mobility in inter-satellite scenario is out of scope according to the endorsed RP-232694.


For RRC Idle and Inactive mobility, what remains open is whether and how to define requirements for Type 1 UE. We suggest RAN4 not to define the requirements. 
On one hand, VSAT UE in IDLE or INACTIVE state is an important scenario; on the other hand, it can be difficult to define requirements without limiting UE implementation. For example, one way to define the requirements is to assume Rx beam sweeping as in FR2 TN, but this means UE should measure different Rx directions somehow equally, while UE may prioritize some directions based on the satellite information. 
Proposal 3: RAN4 not to define RRC Idle and Inactive mobility requirements for inter-sat scenario for Type 1 UE.
	[bookmark: _Hlk147926214]Issue 2-4: RRC Re-establishment
FFS:
· For Type 1 UE, whether to specify RRC Re-establishment for inter-satellite scenario.
· For Type 2 UE, whether to specify RRC Re-establishment for inter-satellite scenario.
· FFS: RRC Re-establishment requirements for intra-satellite scenario are the same as the existing FR1 NTN requirements with Ksatellite = 1.


For RRC Re-establishment in intra-sat scenario, we suggest to follow same conclusion as L3 measurement, for both UE types. When UE does not have inter-sat candidate, UE should try intra-sat candidates without Rx beam switching or sweeping, i.e. existing FR1 NTN requirements with Ksatellite = 1 should apply. 
When UE has inter-sat candidates, UE may first try intra-sat and inter-sat candidates on the intra-frequency layer and then inter-frequency layer, or UE may first try intra-frequency and inter-frequency candidates from the old serving satellite and then different satellites. We suggest to leave it to UE implementation in which order to try different candidates for RRC Re-establishment, i.e. no requirements for inter-sat scenario. 
The above discussion applies for both UE types. 
Proposal 4: For RRC Re-establishment requirements, for both UE types,
· Intra-sat: existing FR1 NTN requirements in clause 6.2C.1 apply without inter-satellite measurement configuration
· Inter-sat: no requirements are defined
	Issue 2-10: Inter-satellite Handover
Agreement:
· For Type 1 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknown cell condition plus an additional interruption component for UE beam refinement to address a concern about beam mis-alignment at the handover period due to the target satellite position error and/or UE beam steering error. TBD on the additional interruption length. 
· For Type 2 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknow cell condition plus an additional interruption component for the retuning of the mechanical beam direction. TBD on the additional interruption length.
· Postpone the discussion on inter-satellite CHO requirements on above 10GHz bands in future releases.


For Type 1 UE, based on the discussion last meeting, we understand that during inter-sat HO, UE should know the rough Rx beam that steers to the target cell from the GNSS and ephemeris information, and the additional time needed is to fine-tune the Rx beam. We assume no Rx beam sweeping is needed, but UE just needs to try some Rx beams in vicinity of the rough Rx beam. We suggest the additional interruption length is [4] SSB periods.
For Type 2 UE, additional time is needed for UE to switch the Rx beam from the direction of the old serving cell to that of the new serving cell. The switching time depends on the angle separation between the two cells and also the angular speed at the UE side. Based on inputs from [2], we support to define the requirements based on worst case scenario where the additional time is [8]s.
Proposal 5: For Inter-satellite Handover requirements 
· Type 1 UE: the additional interruption length is [4]*Trs
· Type 2 UE: the additional interruption length is [8]s
	Issue 2-11: Mechanical beam steering for Type 2 UE
Agreement:
· For Type 2 UE, in RAN4#109, discuss and decide whether/how to resolve issues due to non-zero beam switching delay from one satellite to another. 
· The beam switching delay can be an implicit or explicit UE capability. 
· The capability can be static or semi-static one. RAN4 to aim to decide the details (including any procedure modification, which may be needed in RAN1/2/, to accommodate Type 2 UE beam switching latency).


We support to define UE capability to differentiate Type 1 and Type 2 UE instead of UE capability on Rx beam switching time. To us. What is important is to differ UE that can perform Rx beam switching within CP length and UE that needs more time than CP because the intra- and inter-cell mobility management will be different from NW perspective. It is noted that due to reduced scope for Rel-18, not all the differences between two UE types are visible in RRM requirements. Defining UE capability on is an optimization, which can be discussed in future releases if necessary. 
Proposal 6: RAN4 to define UE capability to differentiate Type 1 and Type 2 UE. 
Conclusions
In this paper we provided our views on RRM requirements for NTN in Ka band.
Proposal 1: RAN4 to define timing requirements as highlighted in Table 1.
· separately for 60kHz and 120kHz SCS
· separately for Case 2 and Case 3, FFS how to define fixed and mobile UE
Table 1: Te_NTN and Tg for different cases and different SCS
	
	60kHz
	120kHz

	
	Te_NTN
	Tg
	Te_NTN
	Tg

	Case 1 (X = 10m, Y= 10m)
	7.6
	6.9
	5.7
	1.3

	Case 2 (X = 10m, Y= 15m)
	8.6
	6.0
	6.7
	0.3

	Case 3 (X = 40m, Y= 10m)
	13.7
	0.8
	11.8
	-4.8


Proposal 2: Define same Te_NTN requirements for all UL channels.
Proposal 3: RAN4 not to define RRC Idle and Inactive mobility requirements for inter-sat scenario for Type 1 UE.
Proposal 4: For RRC Re-establishment requirements, for both UE types,
· Intra-sat: existing FR1 NTN requirements in clause 6.2C.1 apply without inter-satellite measurement configuration
· Inter-sat: no requirements are defined
Proposal 5: For Inter-satellite Handover requirements 
· Type 1 UE: the additional interruption length is [4]*Trs
· Type 2 UE: the additional interruption length is [8]s
Proposal 6: RAN4 to define UE capability to differentiate Type 1 and Type 2 UE. 
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