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Introduction
In last meeting, RAN4 can make some conclusions on UE Tx RF requirements, e.g. maximum output power and output power dynamic. In this paper, we’d like to further discuss the UE Tx RF requirements based on the approved WF [1].
Transmitter characteristics
1) General principle for ACLR vs MPR
Based on the email summary [2] in last meeting, the topic for NTN UE ACLR was discussed in issue 1-1-3 and moderator proposed option 1 as below: 
Issue 1-1-3: NTN UE ACS and ACLR
· Proposals
[bookmark: _Hlk86850826]Option 1: RAN4 should use for NTN UE the same ACLR and ACS values as for handheld TN UE.
Table 2-1 Maximum power reduction (MPR) for power class 3 specified in TS 38.101-1
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52
	≤ 02
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	[bookmark: _Hlk525291220]NOTE 1:	Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.
NOTE 2:	Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2 BPSK modulation and if the IE powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. 



It can be understood it is feasible to consider reusing the ACLR value of TN UE. If we followed option 1, maybe MPR requirements specified in Table 6.2.2-1 from TS 38.101-1 can be reused as shown above. And RAN4’s workloads and NTN UE spec’s impact can be limited. However, based on the initial co-existence simulation results, 30dB ACLR for NTN-TN scenario may be overdesigned for NTN UE. Reducing NTN UE ACLR requirements can improve the MPR requirements. As we all know, the UL coverage is the bottleneck of satellite communication system. For outer RB allocations, the MPR requirements are relaxer than inner cases due to stringent requirements of ACLR/SEM. It’s better for RAN4 to reconsider the optimization and balance between ACLR and MPR for NTN UE. Besides, a balanced requirements between ACLR and MPR are more important especially for higher power class NTN UE which may be introduced for satellite communication system in the future. Considering limited time in Rel-17 for NTN topic, the following two options are listed for working group to further trade off, if co-existence study shows that ACLR results for NTN UE are less than 30dB.
Option 1: ACLR values specified in TS 38.101-1 can be reused for NTN UE.
Option 2: A balanced requirements between ACLR and MPR can be studied and specified for NTN UE considering UL system performance.
The pros and cons are listed as below for further discussion.
	Options
	Pros
	Cons

	Option 1
	1. It is feasible for NTN UE to consider reusing the 30dB ACLR.
2. RAN4’s workloads and NTN UE spec’s impact in Rel-17 can be limited.
	1. The RF requirements for NTN PC3 UE are not optimized considering the UL performance.
2. Larger ACLR may result higher power reduction for NTN UE with some RB allocations.

	Option 2
	1. A balanced ACLR and MPR requirements for NTN UE can improve the UL performance for satellite service.
2. It’s worthy for RAN4 to further study a reasonable ACLR and MPR requirements for NTN UE from technical perspective.
	1. RAN4 need to revaluate the MPR requirements for NTN UE if ACLR requirement is changed. The workloads may be increased.
2. It may have a risk to complete all the NTN UE RF requirements during the limited Rel-17 timeline if workloads are increased.



Proposal 1: If co-existence study shows that ACLR results for satellite NTN UE are less than 30dB, it’s recommended for working group to trade off option 1 and option 2.
2)	Transmit modulation quality
Based on the WF [1], option 2: this requirement can be reused for NTN UE for QPSK, 16QAM and 64QAM as starting point and whether UL 64QAM needs to be removed later. For 64QAM, it’s widely implemented for IMT UE. From technical perspective, it’s feasible and compatible with current module. UE can also narrow the UL RB allocation to achieve higher UL SINR. From standard perspective, there is no need to remove or restrict UL 64QAM requirement. From future-proof perspective, VSAT will be introduced in later release and RAN4 should guarantee VSAT can work with Rel-17 satellite access node well. Thus, it’s proposed to include UL 64QAM for NTN UE.
Proposal 2: To include UL 64QAM for NTN UE.
3)	General spurious emission
Referring to the SM.329 [3], there is a definition for category A spurious emission as highlighted below. However, there is no definition of category B limits for mobile satellite service using handheld UE.
	Service category in accordance
with RR Article 1,
or equipment type(1), (2)
	Attenuation (dB) below the power (W) supplied
to the antenna transmission line

	All services except those services quoted below
	43 + 10 log P, or 70 dBc, whichever is less stringent

	Space services (mobile earth stations)(3), (4)
	43 + 10 log P, or 60 dBc, whichever is less stringent

	Space services (fixed earth stations)(3), (4)
	43 + 10 log P, or 60 dBc, whichever is less stringent

	Space services (space stations)(3), (5), (6)
	43 + 10 log P, or 60 dBc, whichever is less stringent



Referring to ERC Recommendation 74-01 [4], general spurious emission requirements were specified in Annex 3 item 3.1.4 for Mobile Earth Stations (MES) (see Note 1bis) transmitting in the Mobile Satellite Service between 1 GHz and 3 GHz as below.
	Reference number
	Type of equipment
	Frequency of the spurious domain emission f
	Limits: mean power or, when applicable, average power during burst duration in the reference bandwidth
	Notes

	3.1.4
	Mobile Earth Stations (MES) (see Note 1bis) transmitting in the Mobile Satellite Service between 1 GHz and 3 GHz
	9 kHz  f  1 GHz
	-36 dBm
	

	
	
	1 GHz < f  FUPPER 
(see recommends 3)
	-30 dBm
	

	3.1.5
	Mobile Earth Stations (MES) (see Note 1bis) operating below 3 GHz: receivers, receive only MES and transmitters in the carrier-off state
	9 kHz  f  1 GHz
	- 57 dBm
	

	
	
	1 GHz < f  FUPPER 
(see recommends 11)
	- 47 dBm
	


And the following reference bandwidths should be used:
· 1 kHz 		between 	9 and 150 kHz
· 10 kHz 		between 	150 kHz and 30 MHz
· 100 kHz  between 	30 MHz and 1 GHz
· 1 MHz		above 		1 GHz
It’s similar with current general spurious emission requirements for IMT UE. But, the lower frequency edge and Fupper can be further discussed.
Observation 1: the general spurious emission requirements specified in ERC Recommendation 74-01 for mobile earth station are similar with general spurious emission requirements specified in TS 38.101-1 for IMT UE.
4) The requirements for Minimum output power
Based on the simulation results, all the NTN UE transmit the Maximum output power due to the large path loss. Thus, working group can consider to remove the requirement for Minimum output power.
Proposal 3: It’s recommended not to specify the Minimum output power requirements for NTN UE.
3 Summary
Based on the discussion, all the observations and proposals are listed below:
Proposal 1: If co-existence study shows that ACLR results for NTN UE are less than 30dB, it’s recommended for working group to trade off option 1 and option 2.
Proposal 2: To include UL 64QAM for NTN UE.
Observation 1: the general spurious emission requirements specified in ERC Recommendation 74-01 for mobile earth station are similar with general spurious emission requirements specified in TS 38.101-1 for IMT UE.
Proposal 3: It’s recommended not to specify the Minimum output power requirements for NTN UE.
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