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Introduction
Based on the WF [1], we have the following agreements for spurious emissions for protected bands UE co-existence.
Issue 1-3-2:   protected TN bands for UE co-existence n255/n256
· Option 1: all TN bands with some exceptional bands 
Agreement: Option 1
However, the draft TP [3] was postponed in last meeting. The exception sheet [2] shown that the Spurious emissions for protected bands UE co-existence were open issues. Thus, we’d like to discuss this issue in this paper.
Discussion
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This clause specifies the requirements for NR NTN satellite bands for UE coexistence with protected bands.
Table 6.5.3.2-1: Requirements for spurious emissions for UE co-existence
	NR NTN satellite Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n255
	NR Band n1, n2, n3, n5, n7, n8, n12, n13, n14, n18, n20, n24, n25, n26, n28, n29, n30, n34, n38, n39, n40, n41, n48, n50, n51, n53, n65, n66, n67, n70, n71, n74, n75, n76, n78, n79, n85, n90, n91, n92, n93, n94
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	n256
	NR Band n1, n2, n3, n5, n7, n8, n12, n13, n14, n18, n20, n24, n25, n26, n28, n29, n30, n34, n38, n39, n40, n41, n48, n50, n51, n53, n65, n66, n67, n70, n71, n74, n75, n76, n78, n79, n85, n90, n91, n92, n93, n94
	FDL_low
	-
	FDL_high
	-50
	1
	3

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	NOTE 1:	The protected NR bands are specified in clause 5.2 from TS 38.101-1. FDL_low and FDL_high refer to each frequency band specified in Table 5.2-1 in TS 38.101-1 or Table 5.5-1 in TS 36.101
NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned NR carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2 MHz + N x LCRB x RBsize kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.
NOTE 3:	FFS on how to protect NR bands n2, n25, n39, n70.



Based on the agreement for the spurious emissions for protected bands UE co-existence, we have agreed that all TN bands should be protected for n255/n256, but some exceptional bands can be considered. Thus, the following requirements were proposed in last meeting as above in draft TP [3].
The harmonic frequency can be found as below for NTN band n255 and n256.
Table 1 harmonic frequency range
	　
	　
	　
	2nd Harmonic
	3rd Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	[bookmark: RANGE!F9]n255
	1626.5
	1660.5
	3253
	3321
	4879.5
	4981.5

	[bookmark: RANGE!F10]n256
	1980
	2010
	3960
	4020
	5940
	6030


For band n255, the partial frequency range of band n77/n78/n79 can be used as harmonic emission exceptions. For band n256, the partial frequency range of band n77 can be used as harmonic emission exceptions.
Observation 1: For band n255, the partial frequency range of band n77/n78/n79 can be used as harmonic emission exceptions. For band n256, the partial frequency range of band n77 can be used as harmonic emission exceptions.
Based on the clause 5 Regulatory aspect from TR 38.863 [4], following Figures give an overview of the NR TN bands adjacent to the NTN n256/n255 bands.
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Figure 1: Adjacent TN bands to NTN band n256
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NOTE:	DL operation in band n24 is restricted to 1526-1536MHz and UL operation is restricted to 1627.5-1637.5MHz and 1646.5-1656.5MHz 
Figure 2: Adjacent TN bands to NTN band n255
It can be observed that there is no adjacent TN DL bands impacted by NTN UL band n255, so -50dBm/MHz spurious emission requirements for band n255 UE coexistence are applicable to most of the TN DL bands.
Observation 2: -50dBm/MHz spurious emission requirements for band n255 UE coexistence are applicable to most of the TN DL bands without controversial issues.
For NTN UL band n256, the UL frequency range is overlapping with DL bands n2, n25, n70 and next to TDD band n34. If a satellite UE has to meet the -50dBm/MHz spurious emission requirements in UL frequency range, it means the maximum output power for band n256 with 10RB allocation is -47dBm. Based on the link budget, we can get the UL SNR for satellite service as below.
Table 2 Uplink budget with 10RB allocation and -47dBm UE output power
	Scenarios
	LEO600
	LEO1200
	GEO

	UE Tx power(dBm)
	-47
	-47
	-47

	Satellite Rx antenna Gain(dBi)
	30
	30
	51

	Coupling loss Based on TR 38.821 (dB)
	126
	132
	140

	Received power level at satellite antenna connector(dBm)
	-173
	-179
	-187

	Noise Figure for NTN UE(dB)
	9
	9
	9

	UL RB allocation
	10
	10
	10

	SCS(MHz)
	0.015
	0.015
	0.015

	10log10(kT) for dBm/Hz
	-174
	-174
	-174

	Thermal Noise
	-102.45 
	-102.45 
	-102.45 

	UL SNR
	-70.55 
	-76.55 
	-84.55 



It’s observed that the UL SNR is less than -70dB for all the scenarios when satellite UE transmit -50dBm/MHz signal. It will result RLF for UL and satellite service can’t work. Technically, it’s impossible to force band n256 satellite UE to protect these DL operating bands, i.e. DL bands n2, n25, n70 which are overlapping with band n256 by specifying -50dBm/MHz spurious emission requirements.
The UL budget with 1RB allocation is shown in table 3. For -1dB SNR threshold, there isn’t enough power room for reduction to transmit for band n256. For NS_24, larger power reduction (larger than 3dB) will also result the RLF for band n256 satellite UE. Thus, if NS_24 is used for band n256, the satellite service can’t work.
Table 3 Uplink budget with 1RB allocation
	Scenarios
	LEO600
	LEO1200
	GEO

	UE Tx power(dBm)
	13
	19
	23

	Satellite Rx antenna Gain(dBi)
	30
	30
	51

	Coupling loss Based on TR 38.821 (dB)
	126
	132
	140

	Received power level at satellite antenna connector(dBm)
	-113
	-113
	-117

	Noise Figure for NTN UE(dB)
	9
	9
	9

	UL RB allocation
	1
	1
	1

	SCS(MHz)
	0.015
	0.015
	0.015

	10log10(kT) for dBm/Hz
	-174
	-174
	-174

	Thermal Noise
	-112.45 
	-112.45 
	-112.45 

	SNR
	-0.55 
	-0.55 
	-4.55 



Observation 3: When the satellite UE is restricted to transmit -50dBm/MHz signal, the satellite service can’t work. Technically, it’s impossible to ask band n256 satellite UE to protect these DL operating bands, i.e. DL bands n2, n25, n70 and n34 which are overlapping with or next to band n256 by specifying -50dBm/MHz spurious emission requirements.
However, we still need to consider how to address operators’ concerns when protection for UE coexistence is needed. Currently, the candidate solutions from RF perspective will result RLF for satellite service, e.g. power reduction and restriction on output power. RAN4 has to come up with solution to address operators’ concerns on protection for UE coexistence and simultaneously guarantee the satellite service can still work.
Proposal 1: RAN4 has to come up with new solution to address operators’ concerns on protection for UE coexistence and simultaneously guarantee the satellite service can still work under the specific condition for band n256.
The potential solutions are listed as below.
Solution 1: Power reduction or restriction on output power for satellite UE.
Solution 2: Assuming these bands n2, n25, n70 and n34 as exceptional bands without spurious emission protection requirements for UE coexistence.
Solution 3: Specifying one sentence in both SAN and UE RF spec that satellite UEs are deployed away from any TN coverage area, considering an additional exclusion zone (1.5 km) from the TN edge without spurious emission protection requirements for UE coexistence.
Solution 4: Since it’s assumed that satellite UE has both TN and NTN functionality and IMT service has a higher priority than NTN service, a candidate solution (DBT: Determining whether the IMT services exist in the protected TN bands(NOTE) Before Transmitting UL signal in NTN satellite bands) was proposed.
For example, before transmitting UL band n256 signals, satellite UE should determine/be informed whether the IMT services exist for the protected TN bands(NOTE) in the vicinity. If not, it means that there is no TN coverage/service for these bands in the vicinity and satellite UE don’t need to protect these frequency bands. If yes, the UE can access the corresponding terrestrial network cell directly and no need to transmit UL signal in band n256.
NOTE: Unless otherwise stated,
When it’s assumed that 30MHz dedicated duplexer implementation is used for band n256, the protected TN bands are only referred to bands n2, n25, n70, n34.
When it’s assumed that band n65 duplexer implementation is reused for band n256, the protected TN bands are only referred to bands n2, n25, n70, n34 and n39.
The trade-off of these four solutions are shown below.
	
	Pros
	Cons

	Solution 1
	IMT operators’ concerns can be addressed. And spurious emission protection requirements for UE coexistence are specified clearly.
	RLF in UL band n256 can be observed due to the lower UE output power. Satellite service can’t work in band n256.

	Solution 2
	Satellite service can work in band n256 without spurious emission protection for protected bands n2, n25, n70.
	IMT operators’ concerns are not addressed on the UE coexistence between TN and satellite network, if spurious emission protection requirements for UE coexistence aren’t specified in these bands.

	Solution 3
	The solution is simple enough to save time.
	1. Since this sentence is only clarified in the spec, it isn’t realistic and it’s very hard to comply with it in the real deployment.
2. Satellite UE can’t accurately know whether it’s located outside 1.5km away from TN cell edge.
3. The additional exclusion zone, e.g. 1.5km isn’t accurate.
4. This sentence restrict satellite UE to be away from TN cell edge for all the TN operating bands, which is overdesigned and not aligned with the assumption for adjacent bands.

	Solution 4
	This solution not only addressed the IMT operators’ concerns on protection for UE coexistence, but also the satellite service can still work under the specific condition.
	It may need a LS to check whether there is a RAN1/RAN2 spec’s impact.



Based on the discussion above, it’s proposed to choose solution 4 to solve this controversial issue. A LS can be sent to RAN1 for checking RAN1/RAN2 spec’s impact.
Proposal 2: Solution 4 is proposed to address this controversial issue and a LS can be sent to RAN1/RAN2 for checking RAN1/RAN2 spec’s impact.
Solution 4: Since it’s assumed that satellite UE has both TN and NTN functionality and IMT service has a higher priority than NTN service, a candidate solution (DBT: Determining whether the IMT services exist in the protected TN bands(NOTE) Before Transmitting UL signal in NTN satellite bands) was proposed.
For example, before transmitting UL band n256 signals, satellite UE should determine/be informed whether the IMT services exist for the protected TN bands(NOTE) in the vicinity. If not, it means that there is no TN coverage/service for these bands in the vicinity and satellite UE don’t need to protect these frequency bands. If yes, the UE can access the corresponding terrestrial network cell directly and no need to transmit UL signal in band n256.
NOTE: Unless otherwise stated,
When it’s assumed that 30MHz dedicated duplexer implementation is used for band n256, the protected TN bands are only referred to bands n2, n25, n70, n34.
When it’s assumed that band n65 duplexer implementation is reused for band n256, the protected TN bands are only referred to bands n2, n25, n70, n34 and n39.
3 Summary
Based on the discussion, all the observations and proposals are listed below:
Observation 1: For band n255, the partial frequency range of band n77/n78/n79 can be used as harmonic emission exceptions. For band n256, the partial frequency range of band n77 can be used as harmonic emission exceptions.
Observation 2: -50dBm/MHz spurious emission requirements for band n255 UE coexistence are applicable to most of the TN DL bands without controversial issues.
Observation 3: When the satellite UE is restricted to transmit -50dBm/MHz signal, the satellite service can’t work. Technically, it’s impossible to force band n256 satellite UE to protect these DL operating bands, i.e. DL bands n2, n25, n70 and n34 which are overlapping with or next to band n256 by specifying -50dBm/MHz spurious emission requirements.
Proposal 1: RAN4 has to come up with new solution to address operators’ concerns on protection for UE coexistence and simultaneously guarantee the satellite service can still work under the specific condition for band n256.
Proposal 2: Solution 4 is proposed to address this controversial issue and a LS can be sent to RAN1/RAN2 for checking RAN1/RAN2 spec’s impact.
Solution 4: Since it’s assumed that satellite UE has both TN and NTN functionality and IMT service has a higher priority than NTN service, a candidate solution (DBT: Determining whether the IMT services exist in the protected TN bands(NOTE) Before Transmitting UL signal in NTN satellite bands) was proposed.
For example, before transmitting UL band n256 signals, satellite UE should determine/be informed whether the IMT services exist for the protected TN bands(NOTE) in the vicinity. If not, it means that there is no TN coverage/service for these bands in the vicinity and satellite UE don’t need to protect these frequency bands. If yes, the UE can access the corresponding terrestrial network cell directly and no need to transmit UL signal in band n256.
NOTE: Unless otherwise stated,
When it’s assumed that 30MHz dedicated duplexer implementation is used for band n256, the protected TN bands are only referred to bands n2, n25, n70, n34.
When it’s assumed that band n65 duplexer implementation is reused for band n256, the protected TN bands are only referred to bands n2, n25, n70, n34 and n39.
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1	Overall description
In recent RAN4#102 and RAN4#103 meetings, the spurious emissions requirements (-50dBm/MHz) for protected bands UE co-existence (especially for band n256 UL: 1980~2010MHz DL: 2170~2200MHz) were widely discussed. Based on the agreement in WF [1], all the TN bands (DL frequency range) including the protected TN bands(NOTE) should be protected for UE coexistence when satellite UEs transmit UL signal in band n256. However, it’s FFS how to protect these bands in DL frequency range due to the overlapping with UL frequency range of band n256 or next to the edge of band n256 UL filter. The adjacent TN bands to NTN band n256 are shown in figure 1.
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Figure 1: Adjacent TN bands to NTN band n256
In order to meet the spurious emissions requirements (-50dBm/MHz) for the protected TN bands(NOTE), some candidate solutions from RF perspective will result RLF for satellite service in band n256, e.g. power reduction and restriction on output power. However, RAN4 also can’t reach an agreement that assuming the protected TN bands(NOTE) as exceptional bands without any spurious emission protection requirements for UE coexistence when satellite UEs transmit UL signal in band n256, especially in the areas where IMT services are provided in the protected TN bands(NOTE).
In order to address the controversial issue on protection for UE coexistence and simultaneously guaranteeing the satellite service can still work under the specific condition for band n256, RAN4 come up with the following candidate solution.
Candidate Solution: Since it’s assumed that satellite UE has both TN and NTN functionality and IMT service has a higher priority than NTN service, a candidate solution (DBT: Determining whether the IMT services exist in the protected TN bands(NOTE) Before Transmitting UL signal in NTN satellite bands) was proposed. 
For example, before transmitting UL band n256 signals, satellite UE should determine/be informed whether the IMT services exist for the protected TN bands(NOTE) in the vicinity. If not, it means that there is no TN coverage/service for these bands in the vicinity and satellite UE don’t need to protect these frequency bands. If yes, the UE can access the corresponding terrestrial network cell directly and no need to transmit UL signal in band n256.
NOTE: Unless otherwise stated,
When it’s assumed that 30MHz dedicated duplexer implementation is used for band n256, the protected TN bands are only referred to bands n2, n25, n70, n34.
When it’s assumed that band n65 duplexer implementation is reused for band n256, the protected TN bands are only referred to bands n2, n25, n70, n34 and n39.
2	Actions
To TSG RAN WG1 and WG2
ACTION: 	RAN4 would like to request RAN1 and RAN2 to develop the corresponding mechanism for the candidate solution (DBT) in the future meetings if any RAN1/RAN2 impacts are observed, and any other solutions from RAN1/RAN2 perspective are welcome.
3	Dates of next TSG-RAN WG4 meetings
[bookmark: OLE_LINK88][bookmark: OLE_LINK87]TSG-RAN4 Meeting#104 	      22 – 26 August 2022	Toulouse
TSG-RAN4 Meeting#105 	      14 – 18 Nov 2022	   US
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*DL operation in this band is restricted to 1526 — 1536 MHz and UL operation is restricted to 16275 — 1637.5 MHz and 16465 — 1656.5 MHz.





