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Introduction
RRM requirements for Rel-17 NTN were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. Based on our understanding, the following issue are to be discussed as general issues for NTN RRM:
· Side condition 
· PV accuracy
In this paper we will provide our views on above general issues for NTN RRM.
Discussion
Side condition 
	· Sub-topic 1-2: Side condition for RRM measurement requirements
· Issue 1-2: Side condition for RRM measurement requirements
· The side condition for RRM measurement requirements should be based on satellite type, such as at Es/Iot ≥ [FFS] dB for LEO, and FFS the side condition for GEO. RAN4 should further discuss the final value of side condition after study assumptions are ready based on conclusions in RAN1 and RAN2. Other side conditions are not precluded.


Side condition is a general issue for RRM requirements, and it impacts not only the measurement accuracy but also other requirements like timing or mobility. It basically sets the point at which NTNT system works with guaranteed RRM performance.
The side condition issue was discussed in RAN4#99-e, and the conclusion is that the side condition should be based on satellite type, and RAN4 will further discuss after study assumptions are ready based on conclusions in RAN1 and RAN2. However, based on our understanding, RAN1 or RAN2 is not discussing any issue that may result in a certain Es/Iot side condition. 
In fact, during the SI phase, RAN1 has evaluated the link budget for the NTN system, and this should be sufficient inputs for RAN4 to decide on a proper side condition for defining RRM requirements. Particularly, section 6.1.3 of TR 38.821 captures the evaluation. 
The results of the evaluation are listed in Table 6.1.3.3-1 of 38.821, which is copied in the Annex for convenience. The study includes 30 scenarios as listed in the Table 1 which is copied from [2].
Table 1: List of scenarios for the link budget study in 38.821 (copied from [2])
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 1

	2
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 2

	3*
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 3

	4*
	GEO
	Set 1
	12.5 deg
	Handheld
	S-band
	Option 1

	5*
	GEO
	Set 1
	12.5 deg
	Handheld
	S-band
	Option 2

	6
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 1

	7
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 2

	8*
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 3

	9
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	Option 2

	11*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 1

	12*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 2

	13*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 3

	14
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	Option 1

	15
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	Option 2

	16**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 1

	17**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 2

	18**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 3

	19**
	GEO
	Set 2
	20 deg
	Handheld
	S-band
	Option 1

	20**
	GEO
	Set 2
	20 deg
	Handheld
	S-band
	Option 2

	21**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 1

	22**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 2

	23**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 3

	24**
	LEO-600
	Set 2
	30 deg
	Handheld
	S-band
	Option 1

	25**
	LEO-600
	Set 2
	30 deg
	Handheld
	S-band
	Option 2

	26**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 1

	27**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 2

	28**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 3

	29**
	LEO-1200
	Set 2
	30 deg
	Handheld
	S-band
	Option 1

	30**
	LEO-1200
	Set 2
	30 deg
	Handheld
	S-band
	Option 2


It can be seen that study has considered many scenarios including GEO, LEO600 and LEO1200. Based on Table 6.1.3.3-1 of 38.821, we can observe that the DL CINR is rather good and thein worst case (#19) it is -5.2dB. This is somehow aligned with the typical side condition of -6dB used for TN RRM requirements, so we suggest to define the side condition for NTN RRM requirements as -6dB, for all satellite types.
One benefit from using the same side condition as TN RRM is that many of the requirements can be re-used, e.g. the measurement period and measurement accuracy requirements. Of course, different RRM requirements may be based on different side conditions, so we are open to further discuss if any other side condition is needed for some specific RRM requirements. 
Proposal 1: Use -6dB as the baseline side condition for NTN RRM for all satellite types.
PV accuracy
	· Issue 4-1-3: Update rate of ephemeris
· RAN4 can focus on the NTN UE transmit timing error requirements firstly and then to decide whether or how to define the update rate of ephemeris assumption based on RAN1 inputs
· Issue 4-1-4: Precision of ephemeris data
· The precision of ephemeris data is out of RAN4 scope. FFS once further input is provided by RAN1/RAN2.


As satellite PV information is used in many RRM requirements, e.g. timing, measurement and mobility, we would like to discuss it as a general issue. 
In our understanding, RAN4 may need to determine assumption on the PV accuracy so that it can be used in defining specific RRM requirements. For example, in timing requirements, the accuracy of self-estimated TA depends on how accurate UE can predict the location of the satellite. 
We are aware of that some inputs from RAN1 and RAN2 are still needed, but we think RAN4 will need to determine a target based on the trade-off between the conditions to meet such PV accuracy and the impacts of the PV accuracy to the RRM performance. 
Based on our understanding, the PV accuracy depends on mainly two factors
· The precision of the ephemeris data 
· The precision of the prediction based on the ephemeris data
The precision of the ephemeris data is an issue for the satellite system. With inaccurate ephemeris data, even UE can perfectly predict, there may be large error in the PV that degrades the RRM performance. Therefore, the PV accuracy assumption will implicitly impose some requirements on the satellite system. 
The precision of the prediction based on the ephemeris data is an issue for the UE and the NW, and it comes from two parts: random quantization error and propagator error. The quantization error is depending on the ephemeris format that is under discussion in RAN1/2, and we understand that it may support a range of PV accuracy. The propagator error depends on the model used by the UE. Therefore, the PV accuracy assumption will implicitly impose some requirements on ephemeris signalling and UE propagation model.
Table 2 from our RAN1 paper [3] shows an example of the prediction error based on Keplerian orbit elements format. It can be seen that the absolute location error can be ~10m, which translates into ~ 1Ts error in timing. RAN4 may need to discuss if this is a reasonable value considering both the Te requirements and the implicit requirements to satellite system, NW and UE.
Table 2: Predication errors by Keplerian orbit elements format
	Period
	Radical position error, m
	Radical velocity error, m/s
	Absolute position error, m
	Absolute velocity error, m/s

	10s
	1.415243964
	0.002064304
	6.627862341
	0.019901675

	20s
	2.556054744
	0.004017807
	8.887820108
	0.032020696

	30s
	3.455422236
	0.00582607
	11.03350865
	0.042707769


Proposal 2: RAN4 to determine the assumption of PV accuracy based on the trade-off between the conditions to meet such PV accuracy and the impacts of to the RRM performance.
Conclusions
In this paper we provided our views on general issues for NTN RRM.
Proposal 1: Use -6dB as the baseline side condition for NTN RRM for all satellite types.
Proposal 2: RAN4 to determine the assumption of PV accuracy based on the trade-off between the conditions to meet such PV accuracy and the impacts of to the RRM performance.
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Annex: Link budgets results from 38.821

Table 6.1.3.3-1: Link budgets results
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC1
	DL
	20.0
	96.0
	15.9
	400.0
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	400.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	0.5

	SC2
	DL
	20.0
	91.2
	15.9
	133.3
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	133.3
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	5.2

	SC3
	DL
	20.0
	93.0
	15.9
	200.0
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	200.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	3.5

	SC4
	DL
	2.0
	103.8
	-31.6
	30.0
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	0.0

	
	UL
	2.0
	23.0
	19.0
	0.4
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	-10.9

	SC5
	DL
	2.0
	99.0
	-31.6
	10.0
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	0.0

	
	UL
	2.0
	23.0
	19.0
	0.4
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	-10.9

	SC6
	DL
	20.0
	60.0
	15.9
	400.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	18.4

	SC7
	DL
	20.0
	55.2
	15.9
	133.3
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	23.1

	SC8
	DL
	20.0
	57.0
	15.9
	200.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	21.4

	SC9
	DL
	2.0
	78.8
	-31.6
	30.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	6.6

	
	UL
	2.0
	23.0
	1.1
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	2.8

	SC10
	DL
	2.0
	74.0
	-31.6
	10.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	6.6

	
	UL
	2.0
	23.0
	1.1
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	2.8

	SC11
	DL
	20.0
	66.0
	15.9
	400.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	13.0

	SC12
	DL
	20.0
	61.2
	15.9
	133.3
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	17.8

	SC13
	DL
	20.0
	63.0
	15.9
	200.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	16.0

	SC14
	DL
	2.0
	84.8
	-31.6
	30.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	7.2

	
	UL
	2.0
	23.0
	1.1
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-2.6

	SC15
	DL
	2.0
	80.0
	-31.6
	10.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	7.2

	
	UL
	2.0
	23.0
	1.1
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-2.6

	SC16
	DL
	20.0
	88.0
	15.9
	400.0
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	400.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-6.3

	SC17
	DL
	20.0
	83.2
	15.9
	133.3
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	133.3
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-1.6

	SC18
	DL
	20.0
	85.0
	15.9
	200.0
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	200.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-3.3

	SC19
	DL
	2.0
	98.3
	-31.6
	30.0
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-5.2

	
	UL
	2.0
	23.0
	14.0
	0.4
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-15.7

	SC20
	DL
	2.0
	93.5
	-31.6
	10.0
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-5.2

	
	UL
	2.0
	23.0
	14.0
	0.4
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-15.7

	SC21
	DL
	20.0
	52.0
	15.9
	400.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	10.4

	SC22
	DL
	20.0
	47.2
	15.9
	133.3
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	15.1

	SC23
	DL
	20.0
	49.0
	15.9
	200.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	13.4

	SC24
	DL
	2.0
	72.8
	-31.6
	30.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	0.6

	
	UL
	2.0
	23.0
	-4.9
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	-3.2

	SC25
	DL
	2.0
	68.0
	-31.6
	10.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	0.6

	
	UL
	2.0
	23.0
	-4.9
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	-3.2

	SC26
	DL
	20.0
	58.0
	15.9
	400.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	5.0

	SC27
	DL
	20.0
	53.2
	15.9
	133.3
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	9.8

	SC28
	DL
	20.0
	55.0
	15.9
	200.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	8.0

	SC29
	DL
	2.0
	78.8
	-31.6
	30.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	1.2

	
	UL
	2.0
	23.0
	-4.9
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-8.6

	SC30
	DL
	2.0
	74.0
	-31.6
	10.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	1.2

	
	UL
	2.0
	23.0
	-4.9
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-8.6

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].
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