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1	Introduction
In RAN#87e meeting, the New WID on Introduction of FR2 FWA UE with maximum TRP of 23dBm for band n257 and n258 [1] was approved. RAN4 need to study and introduce the corresponding RF requirements for the new FWA UE in Rel-17. The RF core part of this WI includes as follows:
	· Define requirements for operating bands n257 and n258 
· UE RF Tx requirements 
· Maximum TRP equal to 23dBm
· Maximum peak EIRP 43 dBm
· Min EIRP higher than current PC3 
· Spherical coverage requirement sufficient for FWA type device (e.g. 85%-ile same as PC1)
· MPR/AMPR requirements based on PC3 (max TRP of 23dBm)
· Beam correspondence requirements
· UE RF Rx requirements
· REFSENs requirement including min peak EIS, spherical coverage EIS
· Define general and band dedicated requirements based on band, CA and EN-DC configurations requests 



To initiate the discussion of RF requirement for this new FWA UE, we would like to provide our view on some key aspects based on experience of PC1 FWA.
2 Discussion
2.1 new UE capability or new Power Class
In last RAN meeting, one fundamental issue considering whether introducing a new UE capability or a new power class (PC5) definition is raised as follows [1]:
	To address the issue described in section 3, one option from the following is chosen: 

· Option 1. Existing power class with any modifications/additions (e.g. new UE capability) is reused. 
· Option 2. A new power class is defined. 


In NR FR2 UE specification power class is specified based on the assumption of certain UE types with specific device architectures as indicated in TS 38.101-2:
Table 2.1-1: Assumption of UE Types (Table 6.2.1.0-1 of TS 38.101-2)
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE



It was noted that the UE types shown in the table were typical examples for that power class, other UE types were not precluded as long as it can meet the requirement of that power class. The core characteristic of power class is an EIRP/TRP package of the min peak EIRP, max TRP, max allowed EIRP and spherical coverage EIRP. A new UE type which has different EIRP/TRP requirement package than current power class 1/2/3/4 could not be considered as the same power class. It will make power class definition ambiguous to allow new UE capability within current power classes with different EIRP/TRP requirement.
Observation 1: power class of FR2 is an EIRP/TRP package of the min peak EIRP, max TRP, max allowed EIRP and spherical coverage EIRP.
For the new FR2 FWA UE, its max TRP is 23dBm and its max EIRP is 43dBm which are different from that of PC1; its spherical coverage is within limited sphere (e.g. 85%-tile) which is different from that of PC2/3/4. It seems that it is the only choice to define a new power class for the new FWA UE.
Proposal 1：Define a new power class (PC5) for the new FWA UE with maximum TRP of 23dBm.
2.2 link budget 
To define a new power class, link budget calculation shall be considered first of all. We can refer to the link budget of PC1, and many parameters are possible to be reused for the new FWA. Table 2.2-1 is the link budget table for PC1. Though finally a higher peak EIRP requirement (40dBm) for PC1 than the derived value in the table (around 35dBm) was finally defined considering more antenna elements than 16 can be installed for PC1 FWA, it is still valuable for reference for the new FWA.
Table 2.2-1: EIRP link budget of PC1 (Table 7.2.1.1.1-1 of TR38.817-01)
	Parameter
	Unit
	Freq. range 24.25-29.5 GHz
	Freq. range 37.0-40.0 GHz

	
	
	Source 1
	Source 2
	Source 3
	Source 1
	Source 2
	Source 3

	P_out per element
	dBm
	14
	14
	14
	14
	14
	14

	# of antennas in array
	
	16
	16
	16
	16
	16
	16

	Total conducted power per polarization
	dBm
	26
	26
	26
	26
	26
	24.6

	Avg. antenna element gain
	dBi
	4.5
	5
	5
	4.5
	4
	5

	Antenna roll-off loss vs frequency
	dB
	-1.0
	-2.0
	-1
	-1.5
	-2.5
	-0.7

	Realized antenna array gain
	dBi
	15.5
	14
	17
	15.0
	13.5
	17

	Polarization gain
	dB
	2.5
	2.80
	2.50
	2.8
	2.80
	2.50

	Mismatch and transmission line loss 
including load pull
	dB
	-2.1
	-3.00
	--
	-2.7
	-3.50
	--

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

	Finite beam table
	dB
	-0.25
	-0.25
	--
	-0.25
	-0.25
	--

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

	Form-factor integration losses
	dB
	-4.5
	-3.5
	--
	-5.5
	-4.5
	--

	Total implementation loss (worst-case)
	dB
	-7.6
	-7.5
	-5.00
	-9.2
	-9.00
	-7.00

	Peak EIRP (Minimum)
	dBm
	36.4
	35.3
	39.5
	34.6
	33.3
	36.4



Different from PC1, the new FWA has more strict limitation on TRP, which means that the output power of each antenna element will have to be reduced when total number of antenna elements increases. Based on the data in Table 2.2-1, the TRP value already exceeds 23dBm with 16 elements and 14dBm P_out per element. For PC3 with 4-element assumption, the TRP is no more than 23dBm. When more than 4 elements apply, TRP limitation issue will gradually occurs. If there is no TRP limitation, peak EIRP could increase 6dB without considering additional path loss when antenna elements number is doubled from 4 to 8; if there is TRP limitation, peak EIRP increase 3dB and P_out per element decrease 3dB when antenna elements number is doubled from 4 to 8.
Observation 2: The benefit to peak EIRP by increasing element number is getting worse since the P_out per element has to be decreased due to TRP limitation
To address the TRP limitation, the P_out per element shall be changed based on TRP value. To get the TRP value, the implementation loss for TRP should be taken into account. In link budget table of PC1, the implementation loss is aimed for minimum peak EIRP at worst case. In order to make sure the TRP does not exceed the max TRP limit, the implementation loss for TRP at best case shall be added into the link budget table.
Observation 3: in the link budget table for new FWA, P_out per element shall be changed based on TRP value, and a new parameter “total implementation loss for TRP (best-case)” should be added for TRP value calculation.
Based on above observations, the link budget table format for the new FWA can be proposed shown as Table 2.2-2.
Table 2.2-2: proposed EIRP link budget format for “PC5”
	Parameter
	Unit
	Freq. range 24.25-29.5 GHz

	P_out per element
	dBm
	

	# of antennas in array
	
	

	Total conducted power per polarization
	dBm
	

	Avg. antenna element gain
	dBi
	

	Antenna roll-off loss vs frequency
	dB
	

	Realized antenna array gain
	dBi
	

	Polarization gain
	dB
	

	Mismatch and transmission line loss 
including load pull
	dB
	

	Beam forming loss (phase shifter and amplitude error)
	dB
	

	Finite beam table
	dB
	

	Beam forming loss (one beam table fits all)
	dB
	

	Form-factor integration losses
	dB
	

	Total implementation loss for peak EIRP(worst-case)
	dB
	

	Total implementation loss for TRP(best-case)
	dB
	

	TRP
	dBm
	

	Peak EIRP (Minimum)
	dBm
	



For REFSENS link budget, the rule is the same as PC1, so the link budget table format of PC1 can be reused, shown in Table 2.2-3. Note that detailed parameter values are subject to change, e.g. antenna array gain, implementation loss, etc.
Table 2.2-3: EIS link budget of PC1
	Parameter
	Unit
	28GHz Band

	
	
	Source 1
	Source 2
	Source 3
	Source 4

	kTB/Hz [dBm]
	
	-174
	-174
	-
	-174

	10log(Rx BW) [dB]
	
	76.99
	76.99
	-
	76.99

	Effective realized antenna array gain [dB]
	
	14.0
	15.5
	-
	17

	Diversity Gain [dB]
	
	0
	0
	-
	0

	SNR [dB]
	
	-1
	-1
	-
	-1

	NF [dB]
	
	10
	10
	-
	6

	Total implementation loss [dB]
	
	7.5
	7.6
	-
	6

	Sensitivity EIS [dBm]
	
	-94.51
	-95.91
	-94.7
	-103.01



Proposal 2: Add TRP related parameters into the EIRP link budget table for the new FWA, and propose to use Table 2.2-2 as the EIRP link budget table format for further calculation. Reuse EIS link budget table format of PC1 for the new FWA shown in Table 2.2-3
2.3 Beam Correspondence 
Beam correspondence requirement was extensively discussed during RAN#87e plenary meeting when discussing the WID. There is proposal that beam correspondence of new FWA shall be reused for PC1. In our understanding, the new FWA may have different antenna elements number and antenna beam pattern. Before antenna assumption for new FWA is concluded, it is too early to discuss reusing BC requirements for PC1.
In current TS 38.101-2, only beam correspondence requirement for PC3 has been specified, and beam correspondence requirements for other power classes are void due to limited time. The new FWA WI is the first WI to specify beam correspondence requirement for power classes other than PC3. From this point of view, it is an important starting point.
After beam correspondence requirement is specified, both UE and network will get benefits. On the other hand, without beam correspondence requirement, the test condition of MOP will be unclear since there is no explicit rules on beam correspondence during MOP test. Test houses do not know whether to configure autonomous beam correspondence or UL beam sweeping during MOP test including beam peak search, spherical coverage, etc.
Due to special nature of FWA as a fixed device, the necessity of autonomous beam correspondence is not so high compared with mobile devices. From this point of view, we see the necessity to allow FWA UE to support BC bit-0 capability. Of course, it is also allowed for FWA UE to support BC bit-1 capability. For BC bit-0 FWA UE, further discussion is expected on whether BC tolerance shall be defined. Even BC tolerance is to be defined, the BC tolerance spec for fixed devices can be expected not as strict as PC3’s.
Observation 4: the necessity of autonomous beam correspondence for fixed devices is not so high compared with mobile devices
Proposal 3: BC bit-0 capability shall be allowed for FWA UE. Further study whether to specify BC tolerance requirement for BC bit-0 FWA.
There is many beam correspondence enhancement discussion in Rel-16 NR FR2 RF WI discussion, refer to topic #4 of [4]. Due to limited time, many beam correspondence enhancement may not be finished within Rel-16. As the new FWA WI is a Rel-17 WI, further enhancement shall be considered as well.
Proposal 4: further beam correspondence enhancement which has been discussed in Rel-16 shall be considered in the new FWA WI as a Rel-17 WI.
3 Conclusion
New UE capability or new power class: 
Observation 1: power class of FR2 is an EIRP/TRP package of the min peak EIRP, max TRP, max allowed EIRP and spherical coverage EIRP.
Proposal 1：Define a new power class (PC5) for the new FWA UE with maximum TRP of 23dBm.
Link budget: 
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Observation 3: in the link budget table for new FWA, P_out per element shall be changed based on TRP value, and a new parameter “total implementation loss for TRP (best-case)” should be added for TRP value calculation.
Proposal 2: Add TRP related parameters into the EIRP link budget table for the new FWA, and propose to use Table 2.2-2 as the EIRP link budget table format for further calculation. Reuse EIS link budget table format of PC1 for the new FWA shown in Table 2.2-3
Beam correspondence:
Observation 4: the necessity of autonomous beam correspondence for fixed devices is not so high compared with mobile devices
Proposal 3: BC bit-0 capability shall be allowed for FWA UE. Further study whether to specify BC tolerance requirement for BC bit-0 FWA.
Proposal 4: further beam correspondence enhancement which has been discussed in Rel-16 shall be considered in the new FWA WI as a Rel-17 WI.
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