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Introduction
In RAN#95e meeting, the work item [RP-221556] on NB-IoT/eMTC core & performance requirements for NTN was approved as one of Rel-18 RAN4 package. In the last RAN4 meeting, we have reached good progress on lots of UE RF requirements, however there are still lots of RF requirement which need further discussion, therefore in this contribution, we share some further consideration on these remaining issues. 
	Requirement clause
	Moderator Proposal for each item (items highlighted suggested for specific attention in GTW)

	Clause 6: Transmitter Characteristics
	

	6.1: General
	Agreement: 
· Reuse TN (cat-M1 and NB1/2 relevant aspects)

	6.2.1: Tx power
	Option 2: Power class 3 and 5 as defined for TN for all categories
Discussion:
Ligado: there are different requirements tolerance. 
Agreement: 
· Power class 3 and 5 as defined for all categories
· FFS on the tolerance

	6.2.2: MPR
	Option 1: Depends on outcome of SEM/ACLR discussion

	6.2.3: A-MPR
	Further discussion needed. Options for all categories were:
For b255
· Option 1: Depends on outcome of SEM/ACLR discussion and spurious emission for UE coexistence.
· Option 2: Reuse n255 and n256 requirements from NR NTN
· Option 3: Already clear that A-MPR is not needed.
Discussions: 
Huawei: in NR NTN, there is no addition backoff allowed. Do we still need the additional requirement in the spectrum emission requirement? When we say we use NR NTN, the treatment of A-MPR for NR and LTE are different. For LTE the A-MPR is on top of MRP.
Ericsson: it depends on further discussion. We need also specify the sub-PRB A-MPR and we can discuss whether or not we should follow NR NTN. This is specific to Cat-M1 device, which was not discussed before. For NB-IOT the legacy has not A-MPR, for which it should be OK.
Qualcomm: before getting agreement, can we assume SEM and ACLR can be reused? Can we reuse the regulatory requirement? We should have some conclusion above two points. Regarding NB-IoT, no A-MPR is needed.
Ligado: Qualcomm is correct. There are different regulatory, which is captured in different NS values for TN and NTN. Agree with Ericsson, we are looking at 10, 20, rather than looking at 1.4MHz. We can go with no A-MPR for NB1 and NB2 and 
Huawei: I wonder if there is any evaluation done for NB-IoT for band 24.
Ligado: the evaluation is done for different regulatory requirements. We cannot take the evaluation for TN. The evaluation is done for 5Mhz with NTN regulatory requirements where no backoff is needed.
Huawei: it is not clear for me that no A-MPR is needed for Cat NB1 and NB2 since the smaller bandwidth will be used.
For b256
· Option 1: Depends on outcome of SEM/ACLR discussion and spurious emission for UE coexistence.
· Option 2: Reuse n255 and n256 requirements from NR NTN
· Option 3: Already clear that A-MPR is not needed.

	6.2.4: Configured Tx power
	Option 1: Reuse TN requirements for all categories
Agreement: 
· Reuse TN requirements for all categories

	6.3: Output Power Dynamics
	

	6.3.1 Minimum output power
	Option 1: Reuse TN requirements for all categories
Agreement: 
· Reuse TN requirements for all categories

	6.3.2 OFF power
	All categories: Option 1: Reuse TN requirements
Agreement: 
· Reuse TN requirements for all categories

	6.3.3 Transmit ON/OFF mask
	Cat-M1: Options for further discussion:
Option 1: Reuse TN requirements, and sTTI is applicable
Option 2: Reuse TN requirements, but sTTI not applicable
Discussions:
Ericsson: We just reuse the sTTI from legacy. We did not discuss whether or not sTTI should be applied to Cat M1. We do not need touch it, say, explicitly remove sTTI from IoT-NTN.
Agreement: 
· Do not explicitly preclude sTTI from IoT-NTN.

	
	NB1/2:  Option 1: Reuse TN requirements
Agreement: 
· Reuse TN requirements for NB1/2

	6.3.4 Power control
	Option 1: Reuse TN requirements for all categories
Agreement: 
· Reuse TN requirements for all categories

	6.4: Transmit signal quality
	

	6.4.1: Frequency error
	Expected to use same requirement values for all categories, but NR NTN approach to frequency error needs to stabilize. Further contribution invited.
Agreement:
· Reuse 0.1 and 0.2 ppm requirements of frequency error and further discuss the condition where the requirements are applied.

	6.4.2: Transmit modulation quality
	Cat-M1: Option 1: Reuse TN, but clarity on modulation orders needed.
Discussion:
Moderator: the modulation orders need be clarified. Is 64QAM supported for Cat M1? If we copy 36.101, basically we need copy all the modulation orders requirements.
Further check the following bullet: 
· Follow the modulation orders supported by Cat M1 for TN in Rel-16 when specifying the requirements for IoT-NTN.

	
	NB1/2: Option 1: Reuse TN (not beyond Rel-16 modulation schemes in line with WID)
Agreement: 
· Reuse TN (not beyond Rel-16 modulation schemes in line with WID) for NB1/2

	6.5: Output RF spectrum emissions
	

	6.5.1: Occupied bandwidth
	All categories: Option 1: Reuse TN 
Agreement: 
· Reuse TN requirements for all categories

	6.5.2: Out of band emission
	

	6.5.2.1: SEM 
	All categories: Option 1: Assume TN as baseline, and reconfirm after coexistence verification

	6.5.2.2: Additional SEM
	Option 1: For all categories and bands, this is not applicable.
Agreement: 
· For all categories and bands, this is not applicable.

	6.5.2.3: ACLR
	Option 1: For all categories, wait for coexistence verification outcome

	6.5.3: Spurious emission
	

	6.5.3.1: Minimum requirements
	Option 1: Reuse TN for all categories
Agreement: 
· Reuse TN requirements for all categories

	6.5.3.2: For UE co-existence
	Option 1: Further contribution needed but consider NR NTN and existing E-UTRA TN as baselines.

	6.5.3.3 Additional spurious emissions
	

	6.6: Transmit intermodulation
	Cat-M1: Further discuss between:
· Option 1: Requirement needs to be defined for 1.4MHz channel bandwidth
· Option2: Not applicable for cat-M1 
Discussion:
ZTE: Option 2 is also fine since there is no requirement before. Otherwise there would be mis-alignement between TN and NTN UE.
Ericsson: Same as ZTE.
Sony: Same comment.
Agreement:
· Agree Option 2.

	
	NB1/2: Option 1: Reuse TN
Agreement: 
· Reuse TN for NB1/2

	7.1: General
	Option 1: Reuse TN
Agreement: 
· Reuse TN requirements for all categories.

	7.2: Diversity characteristics
	Option 1: Reuse aspects applicable for Cat-M1 and NB1/2 In TN
Agreement: 
· Reuse aspects applicable for Cat-M1 and NB1/2 In TN

	7.3: Reference sensitivity
	Cat-M1 (1.4MHz): 
Different proposals discussed including reference to equivalent existing TN bands such as b24 and b65, to referring to a bandwidth-scaled version of n255 and n256.
More structured input needed here.

	
	NB1/2: Option 1: Reuse TN (-108.2dBm for both bands)
Agreement: 
· Reuse TN (-108.2dBm for both bands) for NB1/2

	7.4: Maximum input level
	Option 1: Same relative relaxation (15dB) as for NR NTN for all categories
Needs to be confirmed by further analysis.

	7.5: ACS
	Option 1: Depends on outcome of coexistence verification for all categories

	7.6: Blocking characteristics
	

	7.6.1: In-band blocking
	All categories: Option 1: Reuse TN 
Agreement: 
· Reuse TN for all the cateogries.

	7.6.2: Out-of-band blocking
	Cat-M1:
For b255: Option 1: reuse TN (some ambiguity in the responses here)
Discussion:
Mediatek: Hardware of 24 can be applied for b255. It is feasible to reuse.
ZTE: Same understanding.
Agreement:
· For b255, agree Option 1.
For b256: Option 2: wait for NR NTN outcome in RAN4#104-e.

	
	NB1/2:
For b255: Option 1: reuse TN (some ambiguity in the responses here)
Agreement:
· For b255, agree Option 1.
For b256: Option 2: wait for NR NTN outcome in RAN4#104-e.

	7.6.3: Narrow band
	Cat-M1: Option 1: Reuse TN
Agreement: 
· Reuse TN requirements for Cat-M1.

	
	NB1/2: Option 1: Not applicable (as for TN)
Agreement: 
· Not applicable (as for TN) for NB1/2.

	7.7: Spurious response
	All categories: Option 1: Reuse TN
Agreement: 
· Reuse TN for all categories

	7.8: Intermodulation 
	All categories: Option 1: Reuse TN
Agreement: 
· Reuse TN for all categories

	7.9: Spurious emissions
	Option 1: Reuse TN for all categories
Agreement: 
· Reuse TN for all categories.


· 
[bookmark: OLE_LINK13][bookmark: OLE_LINK20][bookmark: OLE_LINK10][bookmark: OLE_LINK14]Discussion  
2.1. MPR/A-MPR
First of all, to follow the generic naming principle to define NS value for NR NTN, we think that this approach could be also applied for IoT over NTN to distinguish from TN NS values. 
Agreement [6]: 
Option 1: to define NS_xxN for NTN NS naming for all the NTN bands, but only for the new NSs specified in TS 38.101-5.
Proposal 1: to define NS_xxN for NTN NS naming for all the NTN bands, but only for new NSs specified in TS 36.102.
2.1.1 MPR/A-MPR for NB1 and NB2
For IoT over NTN operating in band B255/B24, based on the current NS values and A-MPR requirement as summarized in the following table, only generic NS_01 is applied. However based on the previous discussion in Rel-17 for NR NTN, only NS_57N should be also applicable for this band B255 and the corresponding A-MPR requirement for NS_57N in operating band B255 could be FFS.
Table 6.2.4F-1: Additional Maximum Power Reduction (A-MPR) for category NB1 and NB2 UE
	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	A-MPR (dB)

	NS_01
	6.6.2F.1
	Operating bands defined in 5.5F
	N/A

	NS_02
	6.6.2F.2.1
	[1, 2, 3, 5, 8, 11, 12, 13, 17, 18, 19, 20, 21, 25, 26, 28, 66, 70 and 85]
	[N/A]

	NS_03
	6.6.2F.2.2
	[1, 2, 3, 5, 8, 11, 12, 13, 17, 18, 19, 20, 21, 25, 26, 28, 66, 70 and 85]
	[N/A]

	NS_04
	5.5F
	2, 4, 5, 12, 13, 17, 25, 26, 66, 71, 85, 103
	N/A



Proposal 2: to define NS_01 with requirement defined in 6.6.2F.1 of TS 36.101 and NS_57N with requirement defined in 6.5.3.3.2 of TS 38.101-5 ( channel bandwidth to be updated as 200kHz for NB1 and NB2)for NB1/NB2 operating in Band n255. 
For IoT over NTN operating in band B256, from our understanding, the coexistence issue between band B256 and band [n]34/[n]39/[n]1 are still valid coexistence case. 
Proposal 3: to define NS_01 with requirement defined in 6.6.2F.1 of TS 36.101 and NS_24 and NS_100 for NB1/NB2 operating in Band n256. 

[image: ]
Figure 1. the coexistence issue between B256 and other adjacent bands

2.1.2 MPR/A-MPR for Cat M1
For Cat M1/M2 operating in band B255/B24, based on the current NS values and A-MPR requirement as summarized in the following table, the generic NS_01 and NS_56 should be applied. However based on the previous discussion in Rel-17 for NR NTN, NS_57N replacing the NS_56 due to new regulatory requirement as indicated by interested operators should be also applicable for this band B255 and the corresponding A-MPR requirement for NS_57N in operating band B255 could be FFS.

Table 6.2.4E-1: Additional Maximum Power Reduction (A-MPR) for category M1 UE
	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	Table 5.6-1
	N/A

	NS_03
	6.6.2.2.1
	2, 4
	Table 5.6-1
	N/A

	NS_04
	6.6.2.2.2
	41
	Table 6.2.4E-3

	NS_05
	6.6.3.3.1
	1
	Table 5.6-1
	N/A

	NS_06
	6.6.2.2.3
	12, 13, 14, 85
	Table 5.6-1
	N/A

	NS_07
	6.6.2.2.3
6.6.3.3.2
	13
	Table 6.2.4E-4

	NS_08
	6.6.3.3.3
	19
	Table 5.6-1
	N/A

	NS_09
	6.6.3.3.4
	21, 74
	Table 5.6-1
	N/A

	NS_10
	
	20
	Table 5.6-1
	N/A

	NS_12
	6.6.3.3.5
	26
	Table 6.2.4E-5

	NS_13
	6.6.3.3.6
	26
	Table 5.6-1
	N/A

	NS_14
	6.6.3.3.7
	26
	Table 5.6-1
	N/A

	NS_15
	6.6.3.3.8
	26
	Table 6.2.4-9

	NS_16
	6.6.3.3.9
	27
	Table 5.6-1
	N/A

	NS_17
	6.6.3.3.10
	28
	Table 5.6-1
	N/A

	NS_18
	6.6.3.3.11
	28
	Table 5.6-1
	N/A

	NS_22
	6.6.3.3.16
	42, 43
	Table 5.6-1
	N/A

	NS_23
	6.6.3.3.17
	42, 43
	Table 5.6-1
	N/A

	NS_27
	6.6.2.2.5,
6.6.3.3.23
	48
	Table 5.6-1
	N/A

	NS_32
	-
	-
	-
	-

	NS_35
	6.6.2.2.7
	71
	Table 5.6-1
	N/A

	NS_38
	6.6.3.3.29
	74
	Table 5.6-1
	N/A

	NS_39
	6.6.3.3.30
	74
	Table 5.6-1
	N/A

	NS_56
	6.6.3.3.35
	24
	Table 6.2.4E-25



Table 6.2.4E-2: Additional Maximum Power Reduction (A-MPR) for category M2 UE
	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Narrowband bandwidth
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_03
	6.6.2.2.1
	2, 4
	3,5 
	Table 6.2.4-1 

	NS_04
	6.6.2.2.2
	41
	5 
	Table 6.2.4-1 

	NS_05
	6.6.3.3.1
	1
	1.4, 3, 5
	Table 6.2.4-18E

	NS_06
	6.6.2.2.3
	12, 13, 14, 85
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_07
	6.6.2.2.3
6.6.3.3.2
	13
	
	[TBD]

	NS_08
	6.6.3.3.3
	19
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_09
	6.6.3.3.4
	21
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_10
	
	20
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_12
	6.6.3.3.5
	26
	1.4, 3, 5 
	Table 6.2.4-1 

	NS_13
	6.6.3.3.6
	26
	5
	Table 6.2.4-1 

	NS_14
	6.6.3.3.7
	26
	N/A
	Table 5.6-1
	N/A

	NS_15
	6.6.3.3.8
	26
	1.4, 3, 5 
	Table 5.6-1 

	NS_16
	6.6.3.3.9
	27
	3,5 
	Table 6.2.4-1 

	NS_17
	6.6.3.3.10
	28
	5
	Table 6.2.4-1 

	NS_18
	6.6.3.3.11
	28
	5
	Table 6.2.4-1 

	NS_22
	6.6.3.3.16
	42, 43
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_23
	6.6.3.3.17
	42, 43
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_27
	6.6.2.2.5,
6.6.3.3.23
	48
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_32
	-
	-
	
	-
	-

	NS_35
	6.6.2.2.7
	71
	1.4, 3, 5
	Table 5.6-1
	N/A

	NS_56
	6.6.3.3.35
	24
	5
	Table 6.2.4-1
	NS_56



Proposal 4: define NS_01 with requirement defined in 6.6.2F.1 of TS 36.101 and NS_57N with requirement defined in 6.5.3.3.2 of TS 38.101-5 ( channel bandwidth to be updated as 1.4MHz for Cat M1)for Cat M1 operating in Band n255.
For IoT over NTN operating in band B256, from our understanding, the coexistence issue between band B256 and band [n]34/[n]39/[n]1 are still valid coexistence case. 
Proposal 5: to define NS_01 with requirement defined in 6.6.2F.1 of TS 36.101 and NS_24 and NS_100 for Cat M1 operating in Band n256. 
2.2. REFSENS for Cat M1
First of all, for REFSENS requirement for Cat M1 in band n255, it should be quite straight forward to reuse the existing requirement for band B24 since band B255 and B24 are the same. For band B256, to follow the same principle how to define the requirement for band n256 in Rel-17, it should be okay to follow the requirement of band B24 considering dedicated narrow duplex 30MHz.
Proposal 6: for band B255 and B256, to reuse the same requirement of band 24 for B255 and B256.
	E-UTRA Band
	REFSENS (dBm)
	Duplex Mode

	24/ 255/256
	[-102.7]
	FDD

	24/255/256
	[-103.5]
	HD-FDD



2.3. Maximum input power
Maximum input power for NR NTN UE in Rel-17 has been relaxed 15dB in comparison with the requirement for legacy TN NR UE due to its larger propagation distance and corresponding higher pathloss between SAN and UE. For IoT over NTN in Rel-18, the maximum output power at the SAN transmitter in Set-1 satellite parameters would be further scaled down with its transmission bandwidth of NB-IoT carriers (200kHz) and eMTC carriers (1.4MHz), in other words, the maximum output power for SAN supporting IoT over NTN would be lower than that of NR NTN in Rel-17. In addition, the propagation distance and pathloss between SAN and UE are also the same between Rel-17 NTN and Rel-18 NTN, therefore we think that maximum input power -40dBm with 15dB relaxation should be sufficient for IoT over NTN UE in Rel-18.
Proposal 7: to define -40dBm as maximum input power for IoT over NTN UE.
2.4. OOBB requirement for band 256
During the last RAN4 meeting, OOBB requirement for band B256 is still open pending on the agreement for OOBB requirement of band n256. Indeed during the last RAN4 meeting, the agreement for OOBB requirement of band n256 has been reached as following [4]. From our understanding, it should be reasonable to follow the same requirement of band n256 for the sake of reuse the same hardware implementation between band B65 and band B256.
Proposal 8: to follow the same requirement of OOBB requirement of band n256 for band B256 

Agreements:
· Option 1: 
	Operating Band
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-44
	-30
	-15

	n255
	Finterferer (CW)
	MHz
	-60 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-85 < f – FDL_low ≤ -60
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 85
or
FDL_high + 85 ≤ f
≤ 12750

	n2561
	Finterferer (CW)
	MHz
	-100 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-145 < f – FDL_low ≤ -100
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 145
or
FDL_high + 85 ≤ f ≤ 12750

	NOTE 1:	Band n256 lower frequency ranges are modified to enable specific implementations
NOTE 2:	Void
NOTE 3:	Void
NOTE 4:	Void



Conclusions
In this contribution, we want to share some initial views on UE RF requirement for IoT over NTN and proposals are made as following:
Proposal 1: to define NS_xxN for NTN NS naming for all the NTN bands, but only for new NSs specified in TS 36.102.
Proposal 2: to define NS_01 with requirement defined in 6.6.2F.1 of TS 36.101 and NS_57N with requirement defined in 6.5.3.3.2 of TS 38.101-5 ( channel bandwidth to be updated as 200kHz for NB1 and NB2)for NB1/NB2 operating in Band n255. 
Proposal 3: to define NS_01 with requirement defined in 6.6.2F.1 of TS 36.101 and NS_24 and NS_100 for NB1/NB2 operating in Band n256. 
Proposal 4: define NS_01 with requirement defined in 6.6.2F.1 of TS 36.101 and NS_57N with requirement defined in 6.5.3.3.2 of TS 38.101-5 ( channel bandwidth to be updated as 1.4MHz for Cat M1)for Cat M1 operating in Band n255.
Proposal 5: to define NS_01 with requirement defined in 6.6.2F.1 of TS 36.101 and NS_24 and NS_100 for Cat M1 operating in Band n256. 

Proposal 6: for Cat M1 REFSENS in band B255 and B256, to reuse the same requirement 1.4MHz of band 24 for B255 and B256.
Proposal 7: to define -40dBm as maximum input power for IoT over NTN UE.
Proposal 8: to follow the same requirement of OOBB requirement of band n256 for band B256. 
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[bookmark: _Hlk516051685]Table 6.2.3.1-1: Additional maximum power reduction (A-MPR)
	Network signalling label
	Requirements (clause)
	NR satellite Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	NS_01
	
	Table 5.2-1
	5, 10, 15, 20
	Table 5.3.2-1 in 3GPP TS 38.101-1 [5]
	N/A

	NS_24
	6.5.3.3.13 in 3GPP TS 38.101-1 [5]
	n256
	5, 10, 15, 20
	Table 6.2.3.15-1 in 3GPP TS 38.101-1 [5]
	Clause 6.2.3.7 in 3GPP TS 38.101-1 [5]2

	NS_57N
	6.5.3.3.2
	n255
	5, 10, 15, 20
	
	N/A

	NS_100
	6.5.2.4.2 in 3GPP TS 38.101-1 [5]
	n2561
	
	
	Table
6.2.3.1-2 in 3GPP TS 38.101-1 [5]

	NOTE 1:	This NS can be signalled for NR bands that have UTRA services deployed.
NOTE 2: 	A-MPR for the upper 5 MHz is not specified, and therefore shall be used as a guard band.


[The NS_01 label with the field additionalPmax [8] absent is default for all NTN satellite bands.]
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