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1	Introduction
During RAN4#104bis-e, some initial conclusions were made on the modelling of UE emissions and selectivity for UE-UE CLI modelling. In particular, it was agreed that existing UE requirements should be used as a starting point and extrapolated if needed.
In this contribution, we further consider and propose assumptions that can be made about UE performance based on the UE requirements specification.
[bookmark: _Ref178064866]2	Discussion
The discussion considers TX and RX, for inter-subband and adjacent channel modelling.
2.1	Transmitter assumptions
2.1.1	Inter sub-band
For inter-sub-band emissions, it is proposed that in-band emissions should be considered as a starting point.
2.1.1.1      FR1
The in-band emissions requirement are stated as follows in 38.101-1:
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25
	0 dBm ≤ Output power ≤ 10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power < 0 dBm
	

	
	
	-10
	-40 dBm ≤ Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of  - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.  is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency  but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see clause  5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see clause 5.3).
NOTE 8:	EVM is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs.

NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:	 is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm. 
NOTE 11:	For almost contiguous allocations defined in clause 6.2.2, LCRB = NRB_alloc + NRB_gap with no in-gap emission requirement.



Assuming a carrier bandwidth of 100MHz, with 20MHz allocated for UL transmission then LCRB  is 51 and NRB is 273. The size of the DL sub-bands is 106 RBs each. There is also a guard of 6RBs between the DL and UL sub-bands.
Taking the general emissions requirement, if the ratio of the total power in the UL sub-band to the total power in the DL sub-bands is calculated taking into account the guard RBs, then for QPSK modulation the radio is 17dB. For 256QAM modulation, the ratio becomes 31dB.
It is necessary to make an assumption on whether the UE is transmitting QPSK or 256QAM. Since the UE that is using SBFD is coverage limited, it may be expected that the UE would use QPSK.
It should be noted that the ACLR requirement is 31dB, and an SBFD could also be configured to operate in SBFD slots as if it would be configured with a 20MHz carrier, hence achieving 31dB. With 256QAM modulation, the IBE would also be in the same order of magnitude, 31dB.
It is not clear whether UE-UE interference will present a significant issue. It is also not clear whether to assume the worst case of 16dB UL-sub-band to DL-sub-band leakage or 31dB. We would propose to consider both values as this would assist in deciding whether the UE can be configured with a 100MHz carrier and use the IBE requirement, even in the case of QPSK or whether a SBFD UE should be configured as a 20MHz carrier in SBFD slots and achieve 31dB.

[bookmark: _Toc115107281]For FR1 UE DL emissions, consider two assumptions for the ratio of UE TX power to the total emissions in both DL sub bands of (i) 17dB and (ii) 31dB. 

2.1.1.2      FR2
The in-band emissions are stated as follows in 38.101-2:
Table 6.4.2.3.4-1: Requirements for in-band emissions for power class 3
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	



	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 0 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed in the RBs containing the DC frequency but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see Clause 5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see Clause 5.3).
NOTE 8:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 9:	RB is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. RB = 1 or RB = -1 for the first adjacent RB outside of the allocated bandwidth).
NOTE 10:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	All powers are EIRP in beam peak direction.



The IBE requirements are the same as for FR1. However, the ratio may be somewhat different depending on the RB allocation for FR2.
We have proposed a 200MHz FR2 allocation as 75-50-75MHz (50MHz UL sub-band, 2*75MHz DL sub-bands). The RB allocation is 32RBs for the UL sub-band and 47 RBs or each of the DL sub-bands. There is a 3RB guard between the DL and UL sub-bands.
Taking the general emissions requirement, if the ratio of the total power in the UL sub-band to the total power in the DL sub-bands is calculated taking into account the guard RBs, then for QPSK modulation the radio is 18dB. For 256QAM modulation, the ratio becomes 32dB.
The ACLR requirement is 17dB, which corresponds to the IBE requirement for QPSK. We propose to assume 17dB suppression for FR2.
[bookmark: _Toc115107282]For FR2 UE DL emissions, assume the ratio of UE TX power to the total emissions in both DL sub bands to be 17dB.

2.1.2	Adjacent channel
For adjacent channel emissions, it was agreed at RAN4#104bis-e to assume UE ACLR performance with two FFS; one on whether to create a 2 step ACLR model and a second on what to assume for per PRB emissions.
2.1.2.1      FR1
The NR ACLR for FR1 is 31dB. There is a two step ACLR for UTRA, but this is for UTRA bands and bandwidths. There is not any support in the specification for a two-step ACLR model.
The adjacent channel emissions are needed for UE-UE co-existence simulations, which consider the total interference towards a victim UE using DL on an adjacent carrier from an aggressor UE transmitting in the UL sub-band. Such simulations do not require per RB interference levels and so there is no need to develop a per RB model; anyhow it would not be possible to link support of such a model to the specifications.
Thus, based on the specifications, the 31dB ACLR should be used. If it would prove later that UE-UE adjacent CLI is a significant issue then the assumption could be revisited, but any assumption that goes beyond the information available in 38.101-1 would necessitate some addition to the UE specification to ensure that all UEs would meet the assumption.
[bookmark: _Toc115107283]For FR1, assume 31dB ACLR for adjacent channel interference.

2.1.2.1      FR2
With similar reasoning to FR1, a two-step or per RB ACLR is not needed for FR2 and an ACLR of 17dB should be assumed, as according to 38.101-2.
[bookmark: _Toc115107284]For FR2, assume 17dB ACLR for adjacent channel interference.

2.2	Receiver assumptions
2.2.1	Inter sub-band
The UE specification does not contain a requirement on in-channel selectivity. There is a requirement on maximum input level, which should be taken into account. However, the performance of a UE exposed to a low power RX signal together with a high-power interferer that is close to the maximum power is not subject to a requirement.
The nearest available requirement is the ACS requirement. ACS applies for the adjacent channel, not inter-sub-band. It is possible that a victim UE may not be an SBFD capable UE and so may not apply appropriate filtering in order to meet ACS.
It may be assumed that ACS is achieved as a starting point, but further discussion is needed as to whether the in-channel selectivity can be assumed to be as large as the ACS.
[bookmark: _Toc115107285]RAN4 to discuss whether UE in-channel selectivity would be as large as the ACS
2.2.1.1      FR1
The maximum input level is -25dBm and the ACS 33dB for TDD bands above 3300 MHz.
[bookmark: _Toc115107286]For FR1 in-channel selectivity, assume maximum input level -25dBm and ICS [33]dB, subject to discussion on ICS in proposal 5.

2.2.1.2      FR2
The maximum input level is -25dBm and the ACS 23dB for bands around 28GHz.
[bookmark: _Toc115107287]For FR2 in-channel selectivity, assume maximum input level -25dBm and ICS [23]dB, subject to discussion on ICS in proposal 5.

2.2.2	Adjacent channel
2.2.2.1      FR1
For FR1, the ACS of 33dB for TDD bands above 3300MHz should be assumed, as this this assumption can be supported from the specifications.
[bookmark: _Toc115107288]For FR1 ACS assume 33dB

2.2.2.2      FR2
For FR2, the ACS of 23dB for bands 24-30GHz should be assumed, as this this assumption can be supported from the specifications.
[bookmark: _Toc115107289]For FR2 ACS assume 23dB
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	4/4	
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For FR1 UE DL emissions, consider two assumptions for the ratio of UE TX power to the total emissions in both DL sub bands of (i) 17dB and (ii) 31dB.
Proposal 2	For FR2 UE DL emissions, assume the ratio of UE TX power to the total emissions in both DL sub bands to be 17dB.
Proposal 3	For FR1, assume 31dB ACLR for adjacent channel interference.
Proposal 4	For FR2, assume 17dB ACLR for adjacent channel interference.
Proposal 5	RAN4 to discuss whether UE in-channel selectivity would be as large as the ACS
Proposal 6	For FR1 in-channel selectivity, assume maximum input level -25dBm and ICS [33]dB, subject to discussion on ICS in proposal 5.
Proposal 7	For FR2 in-channel selectivity, assume maximum input level -25dBm and ICS [23]dB, subject to discussion on ICS in proposal 5.
Proposal 8	For FR1 ACS assume 33dB
Proposal 9	For FR2 ACS assume 23dB
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