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1 Introduction
In RAN #87 meeting, new WI[1] on new FR2 FWA UE was approved.
This paper provides initial analysis on UE RF requirement for new FR2 FWA UE.
2 Discussion
2.1 The limitation from regulation requirement
From the WID[1], we can see both Band n257 and n258 are within the work scope. When discussing on the regulation requirement limitation of the new FWA UE, we used to be focus on Japanese regulation requirement for UE that the max EIRP is 43dBm and max TRP is 23dBm. Considering of the background, companies propose to introduce new UE power class only on n257 in this WI. During the RAN meeting, new requirements from n258 is raised on new FWA UE while the specific regulation requirement is not clear enough.
Currently, T/Rx RF requirement is specified with the same value on Band n257 and n258 for PC1/2/3/4. Before we starts the study on new FWA UE, we would like to clarify on this issue that whether the same requirement is defined for both bands for new FWA UE. Considering the limited TU, we would like to focus on one set of RF requirement for both bands.
Proposal 1: One set of general RF requirement will be specified for both band n257 and n258 in the WI.
2.2 UE RF requirement 
2.2.1  Assumption and power budget for min peak EIRP/EIS
When defining RF requirements for PC1 and PC3, antenna elements assumption was agreed for them respectively.
For PC3, 4 antenna elements is assumed, while for PC1, 16 antenna elements is assumed (there is also some evaluation based on 32 elements). Based on antenna assumptions, min peak EIRP/EIS is decided by companies input on power budget. Hence we think antenna elements assumption should be agreed in RAN4 firstly. 
Reviewing on Japanese regulation requirements, actually the max antenna gain is defined as 20dBi. 20dBi requires for at least 32 antenna elements. Assumes 14dBm output power per element, it will be 32dBm TRP considering dual polarization gain which far exceeds the max TRP limitation. For 16 antenna elements, it can have about 16dBi antenna gain, and 29dBm TRP with 14dBm per element output power. We can see that reducing number of antenna elements will have impact on directional gain while we need to control the max TRP limit. To reach the balance between antenna gain and TRP, 14dBm Pout per element may be not suitable for the new FWA UE. We provide the comparison on the theoretical calculation in the below table, we can see the rule combined on Pout per element and elements number. Considering FWA usage, higher min peak EIRP than PC3 would be needed, it requires for adaptable TRP and antenna gain.

From values shown in table 1, we would like to choose the configuration with TRP little higher than 23dBm (considering there could be implementation loss) and antenna gain in the middle range. Thus, the best choice would be 11dBm Pout per element and 16dBi antenna gain.
	Pout per element
	14dBm
	14dBm
	11dBm
	14dBm
	14dBm

	# of elements in an array
	32
	16
	16
	8
	4

	Max TRP
	32dBm
	29dBm
	26dBm
	26dBm
	23dBm

	Antenna gain
	19dBi
	16dBi
	16dBi
	13dBi
	10dBi


Proposal 2: Agrees on 16 antenna elements assumption for the new FWA UE.
Based the analysis above, we provide power budget for T/Rx in Table 2 and Table 3.
Table 2: Power budget for min peak EIRP

	Parameters
	unit
	Nominal 
	tolerance

	Band
	
	n257, n258

	Pout per element
	dBm
	11dBm
	

	# of elements in an array
	
	16
	

	Total conducted power per polarization
	dBm
	23
	-1

	Avg antenna element gain
	dBi
	4
	0

	Antenna rolloff loss versus frequency
	dB
	-1.5
	-0.2

	Realized antenna array gain
	dBi
	14.5
	0

	Polarization gain
	dB
	2.8
	-0.5

	Mismatch and transmission line loss including load pull
	dB
	-2
	-0.7

	Beam forming loss(phase shifter and amplitude error)
	dB
	-0.5
	0

	Finite beam table
	dB
	-0.1
	0

	Beam forming loss(one beam table fits all)
	dB
	-0.25
	0

	Form factor integration losses
	dB
	-2
	-1

	Total implementation loss(nominal)
	dB
	-4.85
	

	Total implementation loss(worst case)
	dB
	
	-8.3

	Peak EIRP(nominal)
	dBm
	35.48
	

	Tolerance(+/-)
	dB
	
	3.5

	Peak EIRP(Minimum)
	dBm
	32
	


Table 3: power budget for min peak EIS

	Parameter
	Unit
	Value

	Band
	
	n257, n258

	modulation
	
	QPSK

	SNR
	
	-1dB

	Bandwidth
	MHz
	50MHz

	Thermal noise
	dBm/Hz
	-174

	Noise Figure
	dB
	11

	Number of antenna in an array
	
	16

	Array gain
	dB
	12

	Element gain
	dBi
	4

	Diversity gain
	dB
	0

	Antenna gain roll-off over frequency
	dB
	-1.5

	Beamforming loss
	dB
	-0.25

	Total insertion loss
	dB
	-8.3

	REFSENS
	dBm
	-93.3


Proposal 3: Adopt the power budget format as in Table 2 and Table 3 to collect the Tx and Rx parameters.
2.2.2 spherical coverage requirement

In the WI[1], spherical coverage requirement was assumed to be 85% as PC1 considering the usage case. In Rel-15, we define 85% CDF for PC1 assuming that FWA device is installed on outside wall by professional. For new FR2 FWA UE, same CDF definition would be simple if for the same usage scenario. 

However, the spherical coverage requirement for new FWA UE is due to the mobility requirement. We are open to discussion which is dependent on deployment.
Proposal 4: If the usage scenario for new FWA UE is the same as for PC1, the spherical coverage requirement for the new FWA UE is 85%.
2.2.3 whether MPR can reuse PC3

With the same max TRP requirement and same emission requirement, we generally think the MPR for new FWA UE can reuse the MPR defined for PC3.
However, as mentioned before, since the antenna elements number and the PA output power could be changed to reach the balance between high antenna gain and max TRP limitation, the MPR may need to be re-evaluated based on the PC3 MPR framework. For example, the min peak EIRP for PC3 is 22.4dBm while the max TRP is 23dBm with 4 antenna elements per polarization. Assuming 8.5dB antenna gain provided by most companies, the real TRP is about 25dBm(nominal peak EIRP)-8.5dB=16.5dBm; for the new FWA UE, we propose nominal peak EIRP with 35dBm with 14.5dB antenna gain, then the real TRP would be 20.5dBm. we can see a 4dB real TRP different between PC3 and PC5. Hence, the MPR may need to some re-evaluation.
Proposal 5: Re-evaluate the MPR for the new FWA UE based on the PC3 MPR framework.
2.3 Other general RF requirement for single carrier
2.3.1 Minimum output power

Considering 16 antenna elements is used, the min peak EIRP is about 10dB larger than PC3 with 4 elements assumption, then the minimum output power would be 10dB higher than PC3 with -3dBm. While for PC3, PA output power is assumed with 14dBm, since there is TRP limitation 23dBm, the PA output power for the new FWA UE is 3dB lower. Hence, we propose -6dBm minimum output power.
Proposal 6: Minimum output power is -6dBm with EIRP test metric in the peak direction.
2.3.2 Requirements can reuse PC2/3/4
We provide analysis on the other general RF requirement for single carrier as below:

Table 4: All the other general RF requirement can reuse PC2/3/4

	Other general RF requirement
	New FWA UE

	Configured transmitted power
	Reuse the definition for PC2/3/4

	Transmit off power
	Reuse the definition for PC2/3/4

	On/off time mask
	Reuse the definition for PC2/3/4

	Power control
	Reuse the definition for PC2/3/4

	Transmit signal quality
	Reuse the definition for PC2/3/4

	Output RF spectrum emissions
	Reuse the definition for PC2/3/4

	Maximum input level
	Reuse the definition for PC2/3/4

	ACS
	Reuse the definition for PC2/3/4

	IBB
	Reuse the definition for PC2/3/4

	Spurious emissions
	Reuse the definition for PC2/3/4


Proposal 7: General requirement listed in Table 4 for new FWA UE can reuse the requirement specified for PC2/3/4.
2.4 Intra-band CA general RF requirement for new FWA UE
2.4.1 The CA general requirement reuse PC2/3/4
We provide analysis on the other general RF requirement for CA as below:

Table 5: All the other general RF requirement for CA can reuse PC2/3/4

	Other general RF requirement
	New FWA UE

	Configured transmitted power CA
	Reuse the definition for PC2/3/4

	Transmit off power CA
	Reuse the definition for PC2/3/4

	On/off time mask CA
	Reuse the definition for PC2/3/4

	Power control CA
	Reuse the definition for PC2/3/4

	Transmit signal quality
	Reuse the definition for PC2/3/4

	Output RF spectrum emissions
	Reuse the definition for PC2/3/4

	Maximum input level
	Reuse the definition for PC2/3/4

	ACS
	Reuse the definition for PC2/3/4

	IBB
	Reuse the definition for PC2/3/4

	Spurious emissions
	Reuse the definition for PC2/3/4


Proposal 8: CA general requirement listed in Table 4 for new FWA UE can reuse the requirement specified for PC2/3/4.
2.4.2 CA general requirement need further conclusion
2.4.2.1 Intra-band contiguous CA
In Rel-16, there is CA enhancement discussion in the FR2 RF big WI, many issues are not decided yet. For intra-band contiguous CA, the agreement in the last RAN4 meeting is that no aggregated enhancement in Rel-16. Hence the max aggregated channel bandwidth for FR2 intra-band contiguous CA would be 1200MHz in Rel-16.
For intra-band UL contiguous CA, the maximum aggregated channel bandwidth is 800MHz in Rel-15, and UL RF requirement is defined accordingly. For intra-band DL contiguous CA, the maximum aggregated channel bandwidth is 1200MHz and the requirements has been defined in Rel-15 accordingly.
Observation 1: For PC1/2/3/4, we already have contiguous UL CA general requirement with 800MHz, and contiguous DL CA general requirement with 1200MHz.
Considering this WI is facing to regional requirements, we think the CA configurations specified for intra-band contiguous CA in TS 38.101-2 f90 is enough for new FWA UE. For the UL CA contiguous CA, the MPR requirement can reuse the framework defined for PC2/3/4, the specific value can be further evaluated.
Observation 2: Configurations for intra-band contiguous CA specified in TS 38.101-2 is enough for new FWA UE.

Proposal 9: For UL CA contiguous CA, the MPR requirement can reuse the framework defined for PC2/3/4, the specific value can be further evaluated.

2.4.2.2 Intra-band non-contiguous CA
For intra-band non-contiguous CA, we already have requirement with separation class up to 1400MHz in Rel-15.
In Rel-16, we have further agreements on separation class in [2], which is as below:

	· For Rel-16, extend the frequency separation class definition to include the following values for frequency separation ‘Fs’: {800,1000,1200,1400,1600,1800,2000,2200,2400}
· Fs values >1400MHz apply to downlink frequency separation only


Meanwhile, DL-only spectrum is under discussion in FR2 RF big WI considering the DL separation class is up to 2400MHz which is larger than UL. For intra-band non-contiguous UL CA, separation class up to 1400MHz up to 3 sub blocks is under evaluation.

Considering this WI is facing to regional requirements, we think the framework agreed in Rel-16 on separation class can be reused for the new FWA UE, but the specific configurations can be further limited which can avoid unnecessary crossover contents between FR2 RF WI and new FWA UE WI. 
Proposal 10: For intra-band non-contiguous CA, the specific configurations can be further limited which can avoid unnecessary crossover contents between FR2 RF WI and new FWA UE WI.
For inter-band CA, there is also discussion in FR2 RF big WI. Currently, the discussions are focus on L+L/H+H and L+H type inter-band CA. some issues are still under discussion.

For new FWA UE, we also propose to limit the specific configurations based on the real deployment requirement.
Proposal 11: For new FWA UE, further limit the specific configurations on FR2 inter-band CA based on the real deployment requirement.
3 Conclusion

In this contribution we discussed on the open issues on new FWA UE RF requrement, according to the analysis, we have the following proposals:
Proposal 1: One set of general RF requirement will be specified for both band n257 and n258 in the WI.
Proposal 2: Agrees on 16 antenna elements assumption for the new FWA UE.
Proposal 3: Adopt the power budget format as in Table 2 and Table 3 to collect the Tx and Rx parameters.
Proposal 4: If the usage scenario for new FWA UE is the same as for PC1, the spherical coverage requirement for the new FWA UE is 85%.
Proposal 5: Re-evaluate the MPR for the new FWA UE based on the PC3 MPR framework.
Proposal 6: Minimum output power is -6dBm with EIRP test metric in the peak direction.
Proposal 7: General requirement listed in Table 4 for new FWA UE can reuse the requirement specified for PC2/3/4.
Proposal 8: CA general requirement listed in Table 4 for new FWA UE can reuse the requirement specified for PC2/3/4.
Observation 1: For PC1/2/3/4, we already have contiguous UL CA general requirement with 800MHz, and contiguous DL CA general requirement with 1200MHz.
Observation 2: Configurations for intra-band contiguous CA specified in TS 38.101-2 is enough for new FWA UE.

Proposal 9: For UL CA contiguous CA, the MPR requirement can reuse the framework defined for PC2/3/4, the specific value can be further evaluated.

Proposal 10: For intra-band non-contiguous CA, the specific configurations can be further limited which can avoid unnecessary crossover contents between FR2 RF WI and new FWA UE WI.

Proposal 11: For new FWA UE, further limit the specific configurations on FR2 inter-band CA based on the real deployment requirement.
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