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1. Introduction
In RAN4#104-bis-e meeting, regarding IoT NTN UE RF requirements for clause 6 and 7, there are some RF requirements needed further discussion and analysis. This document analyses those issues further and makes proposals. 
2. UE RF requirements open issues
2.1	MPR, General SEM, and ACLR
The ability to take advantage of the existing NB-IoT device economies of scale is key to the success of IoT NTN, and this means the ability to reuse existing NB-IoT TN designs as much as possible. Also it should be noted that the Layer 1 design for IoT NTN is frozen. The co-existence analysis was provided in RAN4#104e and RAN4#104-bis-e meetings and there was no strong intention to preclude reusing existing NB-IoT ACLR and MPR. We believe that general requirements for MPR, SEM, and ACLR do not need to be coupled directly with the co-existence analysis. We make a similar statement in [2].
Proposal 1: Reuse existing NB-IoT NTN requirements for ACLR, MPR and General SEM. 
2.2	A-MPR requirements
Regarding bands n24/n65/n1 in TS38.101-1 and bands n255/n256 in TS38.101-5, these bands use NS_01 with its’ associated A-MPR values. It is proposed to keep the NS_01 for bands b255 and b256 as well. 
Proposal 2: The NS_01 and its’ associated general requirements are reused for bands b255 and b256 regardless of UE categories.   
As indicated in NR NTN TS38.101-5, the NS_100 can be signalled for NR band n256 that have UTRA services deployed because the A-MPR requirements are needed for TX signal CBW of 5MHz to 20MHz. 
	Network signalling label
	Requirements (clause)
	NR satellite Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	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.



	TS 38.101-1
[bookmark: _Toc21344364][bookmark: _Toc29801850][bookmark: _Toc29802274][bookmark: _Toc29802899][bookmark: _Toc36107641][bookmark: _Toc37251407][bookmark: _Toc45888287][bookmark: _Toc45888886][bookmark: _Toc61367580][bookmark: _Toc61372963][bookmark: _Toc68230911][bookmark: _Toc69084324][bookmark: _Toc75467334][bookmark: _Toc76509356][bookmark: _Toc76718346][bookmark: _Toc83580685][bookmark: _Toc84405194][bookmark: _Toc84413803]6.5.2.4.2	UTRA ACLR
UTRA adjacent channel leakage power ratio (UTRAACLR) is the ratio of the filtered mean power centred on the assigned NR channel frequency to the filtered mean power centred on an adjacent(s) UTRA channel frequency.
UTRAACLR is specified for the first adjacent UTRA channel (UTRAACLR1) which center frequency is ± 2.5 MHz from NR channel edge and for the 2nd adjacent UTRA channel (UTRAACLR2) which center frequency is ± 7.5 MHz from NR channel edge.
…
If the measured adjacent channel power is greater than – 50 dBm then the UTRAACLR1 and UTRAACLR2 shall be higher than the value specified in Table 6.5.2.4.2-1.
…
Table 6.5.2.4.2-1: UTRA ACLR requirement
	
	Power class 3

	UTRAACLR1
	33 dB

	UTRAACLR2
	36 dB



UTRA ACLR requirement is applicable when signalled by the network with network signalling value indicated by the field additionalSpectrumEmission.

	TS 36.101
[bookmark: _Toc368026314]6.6.2.3.2	Minimum requirements UTRA
…
UTRA Adjacent Channel Leakage power Ratio is specified for both the first UTRA adjacent channel (UTRAACLR1) and the 2nd UTRA adjacent channel (UTRAACLR2). The UTRA channel power is measured with a RRC bandwidth filter with roll-off factor a =0.22. The assigned E-UTRA channel power is measured with a rectangular filter with measurement bandwidth specified in Table 6.6.2.3.2-1. If the measured UTRA channel power is greater than –50dBm then the UTRAACLR shall be higher than the value specified in Table 6.6.2.3.2-1.
…
Table 6.6.2.3.2-1: Requirements for UTRAACLR1/2
	
	Channel bandwidth / UTRAACLR1/2 / Measurement bandwidth

	
	1.4
MHz

	UTRAACLR1
	33 dB

	Adjacent channel centre frequency offset [MHz]
	0.7+BWUTRA/2
/
-0.7-BWUTRA/2

	UTRAACLR2
	-

	Adjacent channel centre frequency offset [MHz]
	-

	E-UTRA channel Measurement bandwidth
	1.08 MHz

	UTRA 5MHz channel Measurement bandwidth
(NOTE 1)
	3.84 MHz

	UTRA 1.6MHz channel measurement bandwidth
(NOTE 2)
	1.28 MHz

	NOTE 1:	Applicable for E-UTRA FDD co-existence with UTRA FDD in paired spectrum.
NOTE 2:	Applicable for E-UTRA TDD co-existence with UTRA TDD in unpaired spectrum.






As indicated in TS36.101 subclause 6.6.2F.3 “Adjacent Channel Leakage Ratio for category NB1 and NB2”, category NB1/NB2 UE need to meet UTRA ACLR requirement of 37dB. In TS36.101 there is no equivalent to NS_100 for neither normal LTE, cat-M1, nor NB-IoT, because there was deemed no issue for UEs to meet the respective UTRA ACLR requirement with maximum Tx output power.
Proposal 3: NS_100 not needed unless there is identified a need for the UE to behave differently when it is operating adjacent to a UTRA carrier.
Additionally, regarding other bands’ DL overlapping with b256 UL, it should be handled in other ways rather than applying un-acceptable A-MPR values for satellite communication. 
Proposal 4: Regarding band b255, reuse NS_57N’s A-MPR value of N/A for category M1 and NB1/NB2 UEs. 
Regarding band b256 to protect bands n34/b34 in China region, signalling NS_24 is used to indicate that the power of any UE emission shall not exceed the specific levels for meeting regulatory requirement. 
However, NS_24 does not apply for NB-IoT and Cat-M1 today in TS36.101: but for IoT NTN for the b256 operation, it seems we need to apply guardband here and reuse 5MHz guardband. Just referencing TS36.101 would cause confusion because the NB-IoT and Cat-M1 CBW are not covered in TS36.101 specification for NS_24.  Therefore, we need to define specific requirements for NB-IoT and Cat-M1 CBW. We are open whether to consider a new NS value for this. 
Proposal 5: In China region, to assume band b256 upper 5MHz guard band is the same as band n256 for protecting n34/b34. In the same way as NS_24, we propose the NS_XX’s associated A-MPR value to be  N/A for band b256 for category NB1/NB2 UEs. 

2.3	Additional SEM to fulfil FCC 25.202 requirements
At RAN4#104bis-e, it was highlighted in [3] that there may be some issue for IoT NTN SEM to fulfil FCC requirements in FCC part 25.202 in the frequency bands of interest for the present work item. For NB-IoT, the issue seems to be due to the SEM starting from 26dBm/30kHz at the channel edge, which means that at least part of the mask in the first 100kHz higher than the -2dBm/4kHz required by the FCC part 25.202.
This means that operating an NB-IoT channel right at the edge of a spectrum block in these bands would lead to NB-IoT UE not meeting the FCC part 25.202 requirement, and a workable solution needs to be identified. The slight problem is that the FCC requirements are not so clear in terms of their meaning and the logic behind them for a multi-carrier satellite system. 
The terms used in FCC part 25.202 are not clearly defined and seem to make an assumption about such systems being “single carrier” in nature. However, in a multicarrier system of narrowband channels, the mapping of a single NB-IoT channel to these terms seems less clear, unless the spectrum block assigned is the same size as a single NB-IoT channel bandwidth. 
We provide two possible understandings of the FCC part 25.202 requirements in Figure 1 below, and an analysis and potential applicable solutions in the table 1 below that.

Figure 1: Two possible understandings of the intention of FCC part 25.202 requirements
[image: ]

Table 1: Analysis of FCC potential meanings and solutions
	Definition
	Possible solutions

	Approach A: Authorized BW = spectrum block; Assigned frequency = centre of spectrum block
	1. Guardband: For spectrum block larger than NB-IoT channel bandwidth, a guardband could apply
1. A-MPR: The level of reduction required would be at least 16dB, which seems not workable for the NTN system

	Approach B: Authorized BW = 3GPP technology CBW; Assigned frequency = centre of technology CBW
	1. Non-allocated subcarriers: This could be done, but if needed to be provided in every channel it would degrade the system capacity quite severely.
1. New channel bandwidth: A channel bandwidth of e.g. 400kHz could be defined with the same PHY configuration as for a 200kHz channel, but with extra 100kHz guard band each side of the edge RBs. For intra-operator adjacent channels, so the nominal spacing of 200kHz could still apply. This has possibly more spec impact, but could possibly be limited to clause 5.3B as “additional bandwidth” and clause 6.5B as “additional spectrum emission mask for NB1/NB2”.



Proposal 6: While there is some ambiguity in the FCC part 25.202 requirement, in order to achieve the mask, a guard band approach is the only realistic option for NB-IoT deployment. Depending on the definition, either an explicit guard band could be added, or it could be defined as part of an additional channel bandwidth for NB-IoT.
2.4	Frequency error
At RAN4#104bis-e, there was lots of debate on the frequency error requirement conditions, and whether we should apply the same approach as requested by RAN1 (which was mainly for timing). After further internal consultation, we do believe it to be appropriate to apply similar requirements. We also confirm that “segmentation” is not applicable to GSO operation, as defined in TS36.306. 
In terms of the doppler impact, we understand that:
1. For NGSO the maximum change in doppler would be 0.5Hz/ms at 2GHz, with a maximum value of <50Hz, therefore clearly the segment size needs to be set with this in mind in the field. However, in the test it would seem reasonable to apply a value of 128 slots to simplify the test case.
1. For GSO, the maximum doppler shift would be relatively small compared to NGSO, with much slower rate of change of doppler. Therefore, only adapting pre-compensation in the gap after 256ms transmission length would not cause any problem and, in our understanding, this is why RAN1 did not define segmentation for the GSO operating scenario.
For UE category NB1 and NB2, the UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift based on received ephemeris information of the SAN in IE EphemerisInfo (TS 36.331), its own location and UL carrier frequency signalled to the UE by the SAN (according to TS36.300 clause 23.21.2.2).
The UE pre-compensated modulated carrier frequency shall be accurate to within the limits in Table 6.4.1B-1, observed over a period of one time slot (0.5 ms for 15 kHz sub-carrier spacing and 2 ms excluding the 2304Ts gap for 3.75 kHz sub-carrier spacing) and averaged over 72/LCtone slots (where LCtone = {1, 3, 6, 12} is the number of sub-carriers used for the transmission), compared to the ideally pre-compensated reference uplink carrier frequency.
[bookmark: _Hlk116908300]When a repetition period is configured on the uplink for which repetition period (R ) >1, the UE shall not change Doppler pre-compensation during an ongoing repetition period, except in the transmission gaps or in between segments as defined in clause 10.1.3.6 of TS 36.211.
[NOTE:	The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by SAN and UL pre-compensated Doppler frequency shift. For the test case, the location of the UE is explicitly provided to the UE from the test equipment.]
Requirement will be verified for at least two cases of which one has zero Doppler conditions.

Proposal 7: Agree to not allow pre-compensation updates during ongoing segments, and during repetitions except in transmission gaps. The example text in this document can be used as the basis of a TP in the absence of other similar proposals. 
2.5	ACS
Similar to the rationale for reusing the existing MPR, SEM, and ACLR requirements from NB-IoT TN, we believe that the same applies to UE ACS. The only difference here is that we have agreed a Maximum Input Level of -40dBm, which would mean that the test parameters would need to be adapted accordingly.
Proposal 8: Reuse existing NB-IoT TN requirements for IoT NTN UE ACS and adapt the test parameters according to the -40dBm Maximum Input Level. 

3. Conclusion
In the contribution, proposals of IoT NTN UE RF requirements for open issues are provided.
Proposal 1: Reuse existing NB-IoT NTN requirements for ACLR, MPR and General SEM. 
Proposal 2: The NS_01 and its’ associated general requirements are reused for bands b255 and b256 regardless of UE categories.   
Proposal 3: NS_100 not needed unless there is identified a need for the UE to behave differently when it is operating adjacent to a UTRA carrier.
Proposal 4: Regarding band b255, reuse NS_57N’s A-MPR value of N/A for category M1 and NB1/NB2 UEs. 
Proposal 5: In China region, to assume band b256 upper 5MHz guard band is the same as band n256 for protecting n34/b34. In the same way as NS_24, we propose the NS_XX’s associated A-MPR value to be  N/A for band b256 for category NB1/NB2 UEs. 
Proposal 6: While there is some ambiguity in the FCC part 25.202 requirement, in order to achieve the mask, a guard band approach is the only realistic option for NB-IoT deployment. Depending on the definition, either an explicit guard band could be added, or it could be defined as part of an additional channel bandwidth for NB-IoT.
Proposal 7: Agree to not allow pre-compensation updates during ongoing segments, and during repetitions except in transmission gaps. The example text in this document can be used as the basis of a TP in the absence of other similar proposals. 
Proposal 8: Reuse existing NB-IoT TN requirements for IoT NTN UE ACS and adapt the test parameters according to the -40dBm Maximum Input Level. 
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