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Introduction
Regarding NR NTN Rel-17 WF [3] from RAN4#101e, there are still many RF requirements unfinished. In the contribution, the evaluation of UE RX requirements are provided.  
Discussion 
In the contribution, several evaluated RF performance/requirements (e.g., RX REFSENS, ACS, OBB, and IBB requirements) about NTN UE RX are considered.  
Path Loss:
In [1], it is observed that LEO1200 CL loss is 6dB higher than LEO600 CL. On top of that, the distance between NTN UE and GEO satellite for estimating GEO CL needs further discussion.   
Observation 1: In [1], LEO1200 has 132.5 dB CL loss which is 6dB higher than LEO600 CL. Regarding GEO 18000~36000 km, it seems there is additional 23.5~29.5dB loss compared to LEO 1200km. 
In [2], regarding S-band, GEO satellite EIRP density is 59 dBW/MHz, and LEO1200 satellite EIRP density is 40 dBW/MHz. The EIRP difference between GEO and LEO1200 satellites is 19dB.  
Based on our observation, to confine TX power into small number of PRB is helpful for improving link budget due to high PSD. 
Observation 2: To confine TX power into small number of PRB may be helpful for link budget.

UE REFSENS:
Regarding NTN S/L-bands REFSENS, the agreed WF [3] from RAN4#101e meeting is shown below.
	Reference sensitivity
The general formula can be agreed to derive the REFSENS for NTN UE
REFSENS, Sensitivity = -174dBm (kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
Further discuss the NF, SNR, IM, diversity gain and REFSENS requirements in next meeting for each satellite band.



In TR38.821, regarding DL of 2GHz, CNR of 10MHz CBW is 0dB/6.6dB/7.2dB/-5.2dB/0.6dB/1.2dB for SC5/SC10/SC15/SC20/SC25/SC30, respectively. Since CNR range is -5.2dB to 7.2dB, SNR of -1dB could be the reference assumption for discussion.   
Observation 3: In TR38.821, regarding DL of 2GHz with SC 5/10/15/20/25/30, since CNR range for 10MHz CBW is -5.2dB to 7.2dB, SNR of -1dB could be the reference assumption.   
Proposal 1: Regarding handheld UE size limitation of low- and mid-bands, to adopt UE’s 2RX as reference assumption for diversity gain.      
Proposal 2: From implementation perspective, NR REFENS IM can be reused for NTN IM.  
Observation 4: When single wide-band filter is used for bands n256(Band BW=30MHz) and n65(90MHz), blocker rejection capability for n256 could be further improved by optimizing matching circuits’ rejection with the cost of increasing insertion loss. Regarding n255 and n24, co-band is between n255 and n24(Band BW=34MHz), there is no potentially specific change for REFSENS requirement.
Proposal 3: Single wide-band filter is for bands n256 and n65. UE REFSENS of band n256 is [-99.5dBm] per 5MHz. Co-band filter is for bands n255 and n24, REFSENS is [-100dBm] per 5MHz.

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5 MHz 
(dBm)
	10 MHz 
(dBm)
	15 MHz 
(dBm)
	20 MHz 
(dBm)
	25 MHz 
(dBm)
	30 MHz 
(dBm)
	35 MHz (dBm)
	40 MHz 
(dBm)
	45 MHz (dBm)
	50 MHz 
(dBm)

	n2561
	15
	[-99.5]
	[-96.3]
	[-94.5]
	[-93.3]
	
	
	
	
	
	

	
	30
	
	[-96.6]
	[-94.6]
	[-93.5]
	
	
	
	
	
	

	
	60
	
	[-97]
	[-94.9]
	[-93.7]
	
	
	
	
	
	

	n2552
	15
	[-100]
	[-96.8]
	[TBD]
	[TBD]
	
	
	
	
	
	

	
	30
	
	[-97.1]
	[TBD]
	[TBD]
	
	
	
	
	
	

	
	60
	
	[-97.5]
	[TBD]
	[TBD]
	
	
	
	
	
	

	Note 1: Single filter for bands n256 and n65   
Note 2: Co-band filter for bands n255 and n24   


Table 2-1 NTN bands n256 and n255 REFSENS
Maximum input level:
Observation is that the minimum CL between satellite and UE could be higher than CL between TN BS and UE and ability to take 256QAM for NTN RX is low. Despite the CL likely being higher, there does not seem to be much gain in defining a different requirement, so propose to use the same.    
Proposal 4: Despite the NTN CL likely being higher than CL between TN BS and UE, there does not seem to be much gain in defining a different requirement, to consider reusing TN maximum input level for NTN.  

ACS:
Observation from [4], it seems 33dB ACS for CBW of 5MHz is enough for most cases. Additionally, TN UE ACS requirements is also shown below for reference. 
	RX parameter
	Units
	Channel bandwidth

	 
	 
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	ACS
	dB
	33
	33
	30
	27


Table 2-2 ACS for TN bands with frequency < 2700 MHz
Observation 5: From [4], it seems 33dB ACS for CBW of 5MHz is enough for most cases. From implementation perspective, to consider reusing NTN ACS as assumption. 
Proposal 5: Based on above observation, UE ACS requirement of 5MHz CBW is [33dB]


NBB and IBB for band n255/n256:
For frequency lower than 2.7GHz, there are potential TN interferers. To reuse existing NR NBB and IBB blocking level could be considered. 
Proposal 6: For frequency lower than 2.7GHz, there are potential TN interferers. To consider reusing TN UE NBB and IBB requirements for NTN UE as assumption. 

OBB for band n256:
Regarding reusing n65 filter for band n256, out-of-band blocker becomes in-band blocker. Thus, requirement of OBB blocking level needs further discussion. 
[image: ]
Figure 2-1
Observation 6: Regarding reusing n65 filter for band n256, OBB blocker becomes in-band blocker. OBB blocking level needs further discussion. 

Intermodulation characteristics
Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two or more interfering signals. To assume the same inferring signals for guaranteeing TN and NTN UE performance, TN wide band intermodulation parameters in Table 7.8.2-1 of TS 38.101-1 is reused for NTN.
Proposal 7: To assume the same interfering signals for guaranteeing TN and NTN UE performance, TN wide-band intermodulation parameters in Table 7.8.2-1 of TS 38.101-1 could be reused for NTN.  

Conclusion
In the contribution, the evaluated NTN UE RX requirements are provided.
Path Loss:
Observation 1: In [1], LEO1200 has 132.5 dB CL loss which is 6dB higher than LEO600 CL. Regarding GEO 18000~36000 km, it seems there is additional 23.5~29.5dB loss compared to LEO 1200km. 
Observation 2: To confine TX power into small number of PRB may be helpful for link budget.
UE REFSENS:
Observation 3: In TR38.821, regarding DL of 2GHz with SC 5/10/15/20/25/30, since CNR range for 10MHz CBW is -5.2dB to 7.2dB, SNR of -1dB could be the reference assumption.   
Proposal 1: Regarding handheld UE size limitation of low- and mid-bands, to adopt UE’s 2RX as reference assumption for diversity gain.      

Proposal 2: From implementation perspective, NR REFENS IM can be reused for NTN IM.  
Observation 4: When single wide-band filter is used for bands n256(Band BW=30MHz) and n65(90MHz), blocker rejection capability for n256 could be further improved by optimizing matching circuits’ rejection with the cost of increasing insertion loss. Regarding n255 and n24, co-band is between n255 and n24(Band BW=34MHz), there is no potentially specific change for REFSENS requirement.
When single wide-band filter is used for bands n256(Band BW=30MHz) and n65(90MHz), blocker rejection capability for n256 could be further improved by optimizing matching circuits’ rejection with the cost of increasing insertion loss.
Proposal 3: Single wide-band filter is for bands n256 and n65. UE REFSENS of band n256 is [-99.5dBm] per 5MHz. Co-band filter is for bands n255 and n24, REFSENS is [-100dBm] per 5MHz.
Maximum input level:
Proposal 4: Despite the NTN CL likely being higher than CL between TN BS and UE, there does not seem to be much gain in defining a different requirement, to consider reusing TN maximum input level for NTN.  
ACS:
Observation 5: From [4], it seems 33dB ACS for CBW of 5MHz is enough for most cases. From implementation perspective, to consider reusing NTN ACS as assumption. 
Proposal 5: Based on above observation, UE ACS requirement of 5MHz CBW is [33dB]
NBB and IBB for band n255/n256:
Proposal 6: For frequency lower than 2.7GHz, there are potential TN interferers. To consider reusing TN UE NBB and IBB requirements for NTN UE as assumption. 
OBB for band n256:
Observation 6: Regarding reusing n65 filter for band n256, OBB blocker becomes in-band blocker. OBB blocking level needs further discussion. 
Intermodulation characteristics
Proposal 7: To assume the same interfering signals for guaranteeing TN and NTN UE performance, TN wide-band intermodulation parameters in Table 7.8.2-1 of TS 38.101-1 could be reused for NTN.  

References
[1] R4-2117378, “Further discussion on NTN gNB classes”, CATT
[2] R4-2119300, “MEO Scenarios and Characteristics”, Hughes/EchoStar, Thales
[3] R4-2120676, “WF on NTN UE RF requirement”, Huawei, HiSilicon
[bookmark: _GoBack][4] R4-2118715, “Initial NTN simulation Results and discussion on ACLR and ACS”, Huawei, HiSilicon




 
3GPP
image1.emf
2130

2190 2200 2150 1960 1970 2170 2180

n65 UL

1940

n65 DL

2010 1920 1930 1950 1910

n1 DL n1 UL

Sat. band UL

n34

Sat. band DL

1980 1990 2000 2020 2030 2040 2110 2120 2130 2140 2160 1890 1900 1880

n66 DL

n2 DL

n25 DL

n2 UL

n25 UL

n70 DL

n39


