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1 Background
The WI to introduce PC5 for band n259 has been approved in RAN#91-e [1], which is to specify the requirements on FWA UE maintaining the max EIRP of 43dBm and max TRP of 23dBm upper power limitation, and to specify corresponding RF requirements for such kind of UE type. The WI was further discussed in RAN4 #98-bis-e [2] and a WF was agreed [3].

The following objects have been defined: 

RF part: Define the RF requirements of PC5 for operating bands n259
· 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 (85%-ile)
· MPR/AMPR requirements based on PC3 (max TRP of 23dBm)
· Multi-band relaxation requirement
· 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 
In this contribution, we share our views on the issues above. 
2 Discussion
RF architecture
When specifying PC5 FWA it is appropriate to look at PC1 specification and also FWA PC1 devices on the market (please refer to our discussion in [4]). An additional constraint for PC5 (compared to PC1) is the fairly low maximum allowed TRP (23dBm) in comparison to expected peak EIRP. Therefore, our estimation of min peak EIRP (and REFSENS) is based on16 antenna elements.
[bookmark: _Ref71384735]Observation 1	Due to the maximum allowed TRP of 23 dBm it is reasonable to use 16 antenna elements as baseline for min Peak EIRP estimation.
Min Peak EIRP
As discussed in RAN #98-bis-e [3]there are two options to derive min Peak EIRP: based scaling from agreed values or from budget-based proposals. In this document we do both. 
We start comparing minimum peak EIRP at n259 for PC3 (Handheld UE) since n259 is only defined for PC3, while the requirement for PC1 (FWA UE) is missing. However, it can be observed that the difference between n260 and n258 is similar for PC1 (2 dB) and PC3 (1.8 dB). 
There is a relatively large difference between n259 and n260 due to extensive reasons. However, an FWA device should be able to provide a more stable performance over frequencies as it can benefit from better components, less stringent power consumption requirements and integration difficulty than PC3 devices (refer to our discussion in [4]). The difference between n259 and n258 of PC5 should be smaller compared to PC3. For PC3 there is 3.7 dB difference in min Peak EIRP for n259 compared to n258 [5]. There is no reason the degradation due to the higher frequency going up from n258 to n259, should be higher for PC5 than for PC3 and therefore, we believe that the min peak EIRP of PC5 at n259 should be 30.4dBm - 3.7dB = 26.7dBm as a lower boundary.
[bookmark: _Ref71384755]Observation 2	There is no reason the degradation, due to going up in frequency from n258 to n259, should be higher for PC5 than for PC3. 
[bookmark: _Ref71384763]Observation 3	Based on PC3, PC5 minimum peak EIRP in the band n259 of 26.7 dBm is a lower boundary.
Next, we do a link budget calculation min Peak EIRP for PC5 for band n259 shown in Table 1. 

	Parameter
	Unit
	Nom.
	Tol.

	
	
	PC5

	Frequency range
	GHz
	[bookmark: _Hlk68097784]39.5  43.5

	Pout per element
	dBm
	9
	0.5

	# of antennas in an array
	 
	16
	 

	Total conducted power per polarization
	dBm
	21
	

	Avg antenna element gain
	dBi
	5.5
	0.5

	Antenna roll off loss versus frequency
	dB
	2
	

	Array factor correction (loss)
	dB
	0.5
	

	Realized antenna array gain
	dBi
	15
	0.6 

	Polarization gain
	dB
	2.5
	 

	Mismatch and transmission line loss including load pull
	dB
	2
	0.5 

	Beam forming loss (phase shifter and amplitude error)
	dB
	1.5
	 0.5

	Finite beam table
	dB
	
	 

	Beam forming loss (one beam table fits all)
	dB
	
	 

	Form factor integration loss (incl. radome loss)
	dB
	2.5
	1.5

	Total implementation loss (nominal)
	dB
	6
	 

	Total implementation loss (worst case)
	dB
	8.5
	 

	Peak EIRP (Nominal)
	dBm
	33.1
	 

	Tolerance (+/-)
	dB
	4.1
	 

	Peak EIRP (Minimum)
	dBm
	28.5
	 

	TRP (Maximum)
	dBm
	21.5
	 



[bookmark: _Ref54022418]Table 1 Estimation on Peak EIRP for PC5: n259.
[bookmark: _Ref68111206][bookmark: _Ref20385623]
[bookmark: _Ref71384807]Proposal 1	According to our estimate minimum peak EIRP for PC5, n262, shall be 28.5 dBm.
A conservative calculation of maximum TRP shows that based on 16 antenna elements there is no problem fulfilling the regulatory requirement.
[bookmark: _Ref71384775]Observation 4	 It is possible to fulfill maximum TRP 23dBm with a minimum peak EIRP of 28.5 dBm.

[bookmark: _Hlk61523158]Spherical coverage
The spherical coverage of an antenna in this frequency range depends on many factors. For FWA devices, such as PC5, it is assumed that the design could be optimized for good performance in terms of proximity to other components or distance to cover material. Therefore, the gain drop (delta between peak and specified percentile of EIRP) for band n259 may not be worse than for band n258.
[bookmark: _Ref68111088]Observation 5	The gain drop (delta between peak and specified percentile of EIRP) for band n259 may not be worse than for band n258.
We therefore propose:
[bookmark: _Ref71276401][bookmark: _Ref71384813][bookmark: _Ref71277619]Proposal 2	Gain drop (delta between peak and 85%-tile EIRP) for n259, PC5 shall be 8 dB.
Multi-band relaxation 
To our understanding, one of the main factors for PC3 MBR comes from the fact below: 
1. The performance of an antenna array in a mobile handheld device is highly impacted by phone integration (high permittivity materials, e.g., glass and metal structures around the antennas). 
2. An antenna array, able to support multiple bands, is inevitable to consume larger volume than a single band antenna array. 
Therefore, it is more challenging to optimize the antenna array performance on multiple bands simultaneously compared to a single band antenna array due to the reduced freedom in physical spacing. 
However, these constraints are not likely to be there for the FWA devices. To our understanding, there is more space inside an FWA device compared to a handheld device, as the FWA device does not need to be carried around. Besides, the material selected for the FWA case can also be more optimized for performance since less aesthetic constraints need to be taken into account. Therefore, we expect that the MBR value for the new FWA devices should be smaller compared to PC3 devices. 
Proposal 2: The MBR for the PC5 should not be larger than PC3 for n259.  
Reference sensitivity power level
The same reasoning as was done for minimum peak EIRP regarding based scaling from agreed values could be done for reference sensitivity power level (REFSENS). Using PC3 as a reference, the difference between REFSENS for n258 and n259 is 3.6dB [5] and, therefore, REFSENS for PC5 at n259 (50MHz) should be -92.8dBm + 3.6dB = -89.2dBm as an upper boundary.
[bookmark: _Ref71384798]Observation 6	Compared to PC3 REFSENS for PC5 at n259 (50MHz) could be -89.2dBm as an upper boundary.

Calculation of REFSENS for 50MHz band n259 PC5 is shown in Table 1. 
	Parameter
	Unit
	Value

	 
	
	PC5

	Band number
	
	n259

	Frequency range
	GHz
	39.5 – 43.5

	Modulation
	
	QPSK

	SNR requirement
	dB
	-1

	Implementation margin (IM)
	dB
	1

	Bandwidth
	MHz
	50

	Thermal noise
	dBm/Hz
	-174

	Noise Figure (NF)
	dB
	12

	Number of elements in an array
	
	16

	Array gain
	dB
	10.9

	Element gain
	dBi
	5

	Diversity gain
	dB
	0

	Antenna gain roll-off over frequency
	dB
	2

	Beamforming loss
	dB
	2

	Mismatch and Transmission line loss
	dB
	2.5

	Form factor integration losses
	dB
	4

	REFSENS
	dBm
	-90.5


Table 2 Estimation on REFSENS for PC1, PC2 and PC4: n262.

[bookmark: _Ref71384820]Proposal 3	According to our estimate REFSENS for PC5, n259, shall be -90.5 dBm.
Regarding EIS spherical coverage the natural way is to reuse agreement for EIRP spherical coverage. We, therefore, propose:
[bookmark: _Ref71385548]Proposal 4	Gain drop (delta between REFSENS and EIS 85%-tile) for n259, PC5 shall be 8 dB.
Beam correspondence 
During the Rel-15 discussion, the bit-0 BC is introduced to facilitate the early generation FR2 handheld devices. The motivation for defining bit-0 BC is due to that the L1-RSRP is highly impacted by the SNR condition where the UE cannot estimate the L1-RSRP accurately, which may lead to an error in beam selection. However, FWA devices generally operate under a clear line of sight (LOS condition), which shall be accompanied by a good SNR condition. In addition, the wireless channel between the gNB and FWA UE is usually relatively stable and predictable. Therefore, we don’t foresee there would be an issue for the FWA devices to obtain an accurate RSRP estimation supporting bit-1 BC solely. 
[bookmark: _Ref71490549]Observation 7 	The SNR condition for FWA devices is likely to be good and stable, and thus an FWA device should obtain a good RSRP estimation.  
Another factor that may degrade the BC is the RF component impairment, typically errors in phase shifters. However, that error has already been included in the peak EIRP and spherical coverage requirement. For example, the phase shifter errors have been included in the peak EIRP derivation for PC1 according to Table 7.2.1.1.1-1 in TR38.817. Therefore, an FWA UE shall be able to achieve spherical coverage and peak EIRP solely relying on bit-1 BC.
[bookmark: _Ref71490560]Observation 8	The degradation due to the phase shifter errors have been included in the peak EIRP and spherical coverage requirement.
Finally, we would like to question how meaningful the bit-0/bit-1 BC capability is? In real networks, in poor SNR/SINR conditions, the probability that a UE may make RSRP estimation errors increases, and thus the UE may fail to select an optimal uplink beam autonomously, regardless of the UE BC capability. On the other hand, the SNR/SINR may also be very high in a real network scenario, and a UE that has set its UE BC capability bit to 0 may be capable of selecting an optimal uplink beam autonomously under such a condition. The beam correspondence tolerance was introduced in Rel-15 in order to accommodate the lower capability of some UEs to select the uplink beam autonomously and ease the way of early launching of FR2 UEs. However, in light of the discussion above, it is questionable whether it is useful for the network to know such a UE capability. 
[bookmark: _Ref71490567]Observation 9	The beam correspondence depends on the SNR condition. Therefore, it is questionable whether it is useful for the network to know a UE BC capability with bit-1 or bit-0. 
[bookmark: _Ref71490582]Proposal 5	Define only BC bit 1 requirement for new FWA UE.
Currently, only bit-1 is defined for PC5/PC1. We believe the beam correspondence requirement for n259 shall remain the same as n258 and n257 for PC5. 
[bookmark: _Ref71490591]Proposal 6	Adopt the same beam correspondence requirement (only bit 1) for n259 as for n257 and n258 for PC5.
3 Conclusion
In this contribution, we have shared our views on the open issues related to the RF requirement for PC5 FWA for band n259. The following observations and proposals have been given:
Observation 1	Due to the maximum allowed TRP of 23 dBm it is reasonable to use 16 antenna elements as baseline for min Peak EIRP estimation.
Observation 2	There is no reason the degradation, due to going up in frequency from n258 to n259, should be higher for PC5 than for PC3.
Observation 3	Based on PC3, PC5 minimum peak EIRP in the band n259 of 26.7 dBm is a lower boundary.
Observation 4	 It is possible to fulfill maximum TRP 23dBm with a minimum peak EIRP of 28.5 dBm.
Observation 5	The gain drop (delta between peak and specified percentile of EIRP) for band n259 may not be worse than for band n258.
Observation 6	Compared to PC3 REFSENS for PC5 at n259 (50MHz) could be -89.2dBm as an upper boundary.
Observation 7 	The SNR condition for FWA devices is likely to be good and stable, and thus an FWA device should obtain a good RSRP estimation.
Observation 8	The degradation due to the phase shifter errors have been included in the peak EIRP and spherical coverage requirement.
Observation 9	The beam correspondence depends on the SNR condition. Therefore, it is questionable whether it is useful for the network to know a UE BC capability with bit-1 or bit-0.
Proposal 1	According to our estimate minimum peak EIRP for PC5, n262, shall be 28.5 dBm.
Proposal 2	Gain drop (delta between peak and 85%-tile EIRP) for n259, PC5 shall be 8 dB.
Proposal 3	According to our estimate REFSENS for PC5, n259, shall be -90.5 dBm.
Proposal 4	Gain drop (delta between REFSENS and EIS 85%-tile) for n259, PC5 shall be 8 dB.
Proposal 5	Define only BC bit 1 requirement for new FWA UE.
[bookmark: _Hlk71532544]Proposal 6	Adopt the same beam correspondence requirement (only bit 1) for n259 as for n257 and n258 for PC5.
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