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1. Introduction
In RAN4#104e meeting, many IoT NTN UE RF requirements from clause 6 and 7 were agreed, but some RF requirements needed further discussion and analysis. This document analyses those issues further and makes proposals. 
In addition, we provide further discussion on the principles to adopt for clause 4 and provide a corresponding draft TP for consideration.
2. UE RF requirements open issues
MPR, 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. Therefore, 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 MPR, SEM and ACLR. 
Spurious emission coexistence
At this stage, for both categories, consider NR NTN and existing E-UTRA TN as baselines. Further analysis is required on the specific bands, but we would suggest agreeing to reuse the approach for NR NTN as baseline.
Proposal 2: Use the NR bands as a starting point, and contribution invited on any additional E-UTRA bands to consider.
Frequency error
Status from RAN4#104-e
At RAN4#104-e, the following was agreed for UE Frequency Error:
· Reuse 0.1 and 0.2 ppm requirements of frequency error and further discuss the condition where the requirements are applied
Possible spec changes
If we reuse the approach taken for NR NTN, then we would modify the UE Frequency Error from 36.101 to the following:
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 signalled to the UE by the SAN.
Table 6.4.1B-1: Frequency error requirement for UE category NB1 and NB2
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1



Additional considerations
In NR, there is a “cumulation” of measurements (duration of 1 slot each) over 1ms to verify the Frequency Error requirement. This seems to equate to an averaging. In NB-IoT, measurements are taken every slot and then “averaged” over 72/LCtone slots. This needs to be taken into account when developing the test case for NB-IoT NTN, i.e. if varying doppler was modelled, then the UE and TE would have to mirror the level of pre-compensation during the observation period, such that the “average” value over e.g. 72 slots is does not take into account doppler drift over the “averaging window.
In general, we would propose to verify Frequency Error requirements with zero doppler for IoT NTN. If needed a separate “performance” test could be considered to verify pre-compensation.
Proposal 3: Agree the Frequency Error definition proposed in this document. Also agree to verify the Frequency Error with zero doppler.
b256 Out-of-band blocking
At RAN4#104-e, the b256 OOB blocking requirement was pending the NR NTN n256 OOB outcome. Now that there has been a conclusion on that open issue, we believe that the same approach can be applied for IoT NTN. Corresponding proposed b256 OOB requirements Tables for minimum requirement and NB1/2 requirements are provided below, according to agreed n256 OOB requirements with reuse of other aspects from the NB1/NB2 OOB Table 7.6.2.1F-1. 
Table 2.1 Minimum requirement of out-of-band blocking
	Operating Band
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-44
	-30
	-15

	b256
	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



Table 2.2 NB1/NB2 Out-of-band blocking
	Operating Band
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-44
	-30
	-15

	b256
	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:	For operating bands which downlink band frequency range is between 1475.9 MHz < f < 2690 MHz, the power level of the interferer (PInterferer) for Range 3 shall be modified to: -20 dBm for the frequency range which is bounded by FDL_low- 200 MHz of the lowest band that UE supports in frequency range 1475.9 MHz < f < 2690 MHz and FDL_high  + 200 MHz of the highest band that UE supports in frequency range 1475.9 MHz < f < 2690 MHz.



Proposal 4:  Agree to reuse the NR NTN outcome for b256 OOB blocking. Agree the OOB blocking requirements defined in this document for IoT NTN.
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 5: Reuse existing NB-IoT TN requirements for IoT NTN UE ACS and adapt the test parameters according to the -40dBm Maximum Input Level. 
b256 Cat-M1 REFSENS
Cat-M1 REFSENS for band b255 is defined. We assume the b255 FD-FDD and HD-FDD REFSENS requirements are applicable for b256. Specifically, the following is proposed:
· b256: reuse b255 value of –102.7 dBm (FDD) and -103.5 dBm (HD-FDD)
Proposal 6: For Cat-M1 b256 REFSENS, reuse b255 value of –102.7 dBm (FDD) and -103.5 dBm (HD-FDD)

3. TS36.102 clause 4 discussion
3.1	Status on clause 4 aspects
At RAN4#104bis, the following was agreed for TS36.102 drafting, as a result of the discussion in [1]:
· Agree Option 1: For TS36.102, follow NR NTN approach, with same overall requirement framework and referencing 36.101 where requirements from 36.101 apply to 36.102 and are not band-specific. If not, then include requirement in new TS.
· Agreement: For UE spec structure, follow suffix approach and do not include general and additional requirements in clause 4 text.
3.2	Further issues to address
On further review of the existing TS36.101 clause 4, the following additional aspects need to be addressed:
· Clause 4.1 Relationship between Minimum and Test requirements: Whether to apply 36.101 or 38.101-5 style of text for clause 4.1.
· Clause 4.2 Applicability: Whether to include the Rx sensitivity information in c) and d). Seems redundant information.
· Clause 4.3: Whether to reserve a subclause 4.3 for potential future use, and whether to name it now.
· Clause 4.4: For to follow 36.101 or 38.101-5 approach, or the 38.101-1 approach that does not have the clause at all.
Clause 4.1 aspects
The only real difference between 36.101 and 38.101-1/5 is that the following paragraph is added for 38.101-5:
The present document is a Single-RAT specification for satellite NR UE, covering RF characteristics and minimum performance requirements. Conformance to the present specification is demonstrated by fulfilling the test requirements specified in the conformance specification 3GPP TS 38.521-1 [2].
We propose to include it also in 36.102, as it seems to add some clarity. Proposed text:
The present document is a Single-RAT specification for satellite LTE UE, covering RF characteristics and minimum performance requirements. Conformance to the present specification is demonstrated by fulfilling the test requirements specified in the conformance specification 3GPP TS 36.521-1 [2].
Proposal 7: For 36.102 clause 4.1, follow the 38.101-5 approach.
Clause 4.2 aspects
As highlighted in section 2.1, it was agreed at RAN4#104-e not to refer to general and additional requirements, as the Annexes are not additional requirements, they are alternative requirements for specific device categories. Therefore, bullets a) and b) from 36.101 need to be modified accordingly. 
Regarding the additional bullets c) and d) are not used in 38.101-1 or 38.101-5. Bullet c) seems to be clearly stated already in clause 7.3, but probably is best to keep. Bullet d) is only a Note, and it does not seem altogether clear what is intended. Further clarification appreciated if this is relevant for 36.102.
From the remaining bullets, bullet e) is also covered in 38.101-1/5, so should be re-applied. Bullet f) is not applicable for the current frequency bands, and bullet g) is applicable, so should be re-applied.
Proposal 8: For 36.102 clause 4.2:
· Adapt bullets a) and b) to directly indicate the applicability of main clause and suffix for each UE category. 
· Apply bullets a), c) and g) from 36.101
· Remove bullet f), as well as bullet d) if not clarified.
Clause 4.3 aspects
It has been agreed that “additional” requirements are not currently applicable to 36.102. However, for possible future usage. Instead of reserving a clause for this, if needed in the future sub-clause 4.2 can probably be split into different subclauses if needed.
Proposal 9: Do not reserve a clause at this stage for “additional/suffix requirements”. Clause 4.2 can be split into different sub-clauses if necessary at a later stage.
Clause 4.4 aspects
36.101 refers to “Requirements in later Releases” and 38.101-5 refers to “Relationship with other core specifications” which seems a new concept, as it is not applied in 38.101-1. We believe it may be useful to provide a pointer to TS36.307 to indicate where Release-independent requirements are defined, given that the first version of the spec is Release-independent from Rel-17. However, we believe that it may be a bit confusing and unnecessary to refer to some specifications and not others as linked to this specification, so propose not to copy the 38.101-5 concept. Therefore, we would propose to add an additional high-level bullet to clause 4.2 to indicate the applicability of requirements to earlier Releases.
Proposal 10: Add a bullet to clause 4.2 to indicate to point to TS36.307 for applicability of requirements to earlier Releases.
***NOTE: A TP to cover the above proposals is provided in the Annex.***
4. 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 MPR, SEM and ACLR. 
Proposal 2: Use the NR bands as a starting point, and contribution invited on any additional E-UTRA bands to consider.
Proposal 3: Agree the Frequency Error definition proposed in this document. Also agree to verify the Frequency Error with zero doppler.
Proposal 4:  Agree to reuse the NR NTN outcome for b256 OOB blocking. Agree the requirements defined in this document for NB-IoT NTN.
Proposal 5: Reuse existing NB-IoT TN requirements for IoT NTN UE ACS and adapt the test parameters according to the -40dBm Maximum Input Level. 
Proposal 6: For Cat-M1 b256 REFSENS, reuse b255 value of –102.7 dBm (FDD) and -103.5 dBm (HD-FDD)
Proposal 7: For 36.102 clause 4.1, follow the 38.101-5 approach.
Proposal 8: For 36.102 clause 4.2:
· Adapt bullets a) and b) to directly indicate the applicability of main clause and suffix for each UE category. 
· Apply bullets a), c) and g) from 36.101
· Remove bullet f), as well as bullet d) if not clarified.
Proposal 9: Do not reserve a clause at this stage for “additional/suffix requirements”. Clause 4.2 can be split into different sub-clauses if necessary at a later stage.
Proposal 10: Add a bullet to clause 4.2 to indicate to point to TS36.307 for applicability of requirements to earlier Releases.
***NOTE: A TP to cover the above proposals is provided in the Annex.***
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Annex: TP for TS36.102 clause 4
<Start of text>
[bookmark: _Toc368026185]4.1		Relationship between minimum requirements and test requirements
The present document is a Single-RAT specification for LTE UE satellite access, covering RF characteristics and minimum performance requirements. Conformance to the present specification is demonstrated by fulfilling the test requirements specified in the conformance specification 3GPP TS 36.521-1 [2].
The Minimum Requirements given in this specification make no allowance for measurement uncertainty. The test specification TS 36.521-1 Annex F defines Test Tolerances. These Test Tolerances are individually calculated for each test. The Test Tolerances are used to relax the Minimum Requirements in this specification to create Test Requirements.
The measurement results returned by the Test System are compared - without any modification - against the Test Requirements as defined by the shared risk principle.
The Shared Risk principle is defined in ITU-R M.1545 [3].

4.2		Applicability of minimum requirements
a)	Minimum requirements are mandated to be met in all scenarios by UEs supporting the applicable UE category(ies) for which that requirement is specified. In the present document, only minimum requirements for UE categories of M1, NB1, and NB2 are specified.
b) 	For UE category M1, the applicable minimum requirements in clauses 5, 6 or 7 are specified in the suffix A subclause where they differ from the requirements in the main subclause. Where suffix A does not exist for a requirement, the minimum requirement in the main subclause shall apply.  
c)	For UE category NB1 and NB2, the applicable minimum requirements in clauses 5, 6 or 7 are specified in the Suffix B subclause, where they differ from the requirements in the main subclause. Where suffix B does not exist for a requirement, the minimum requirement in the main subclause shall apply.
d)	The reference sensitivity power levels defined in subclause 7.3 are valid for the specified reference measurement channels.
e)	NOTE: Receiver sensitivity degradation may occur when:
1)	The UE simultaneously transmits and receives with bandwidth allocations less than the transmission bandwidth configuration (see Figure 5.6-1), and
2)	Any part of the downlink transmission bandwidth is within an uplink transmission bandwidth from the downlink center subcarrier.
f)	The spurious emissions power requirements are for the long-term average of the power. For the purpose of reducing measurement uncertainty it is acceptable to average the measured power over a period of time sufficient to reduce the uncertainty due to the statistical nature of the signal.
g)	The requirements related to subslot TTI and/or slot TTI shall apply only if UE supports multiple TTI patterns. And these requirements only apply to subslot and/or slot TTI configurations
h)	TS36.307 [8] specifies which minimum requirements in the present document are applicable to UEs that conform to an earlier specification Release, and from which Release those requirements apply.
<end of text>

