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1 Background
The FWA for Japan has been further discussed in RAN4#96-e [1], where the design target is to have TRP and antenna gain limited to 23 dBm and 20 dBi, respectively, and Peak EIRP and REFSENS suitable for FWA application. the following issues related to RF requirements are still open and will be discussed:

1. How to determine the appropriate value of min. peak EIRP
2. The corresponding multi-band relaxation
3. The UE capability on beam correspondence
In this contribution, we share our views on the issues above. 
2 Discussion
Peak EIRP
Both the 8-element array and 16-element arrays can provide decent performance for the new FWA devices, but it is clear that the 16 element arrays that can provide more extraordinary performance, taking advantage of the 20 dBi allowed antenna gain is better. Therefore, the 16 elements array would be a better option for the reference architecture assumption when deriving the min peak EIRP requirement. 
Observation 1: Both 8 and 16 element arrays can be feasible for the new FWA device, but the 16 element arrays can take advantage of the 20 dBi allowed antenna gain and provide better performance.
It has also been agreed that the new FWA devices have 8 dB lower requirement in 85 % direction, compared to peak direction [2], which is the same as PC1. It is known that the shape of the CDF curve typically depends on the array topologies, where a smaller array typically shows a smaller difference between the peak and spherical coverage point, while a larger array has the opposite trend. Therefore, a 16 elements array is feasible for the FWA device for japan. 
Observation 2: 16 elements array is a feasible solution for the new FWA device considering the difference in ERIP/EIS between 85% and 100%. 
On the other hand, the peak EIRP can be determined based on a compromise between 8 and 16 element arrays. According to TR38.817-01, the peak EIRP of PC2 and PC4, where the peak EIRP is 29 dBm and 34 dBm in n257 with and 23 dBm maximum TRP, respectively, have also been derived by taking the 8 elements assumption into account. 
For an FWA device, the peak EIRP can be more critical than other types of devices since the FWA device typically communicate around the beam peak direction. In addition, there are typically higher degrees of freedom with less design constraints on the FWA UE design, where the environment and choice of material around the antenna could be optimized. Therefore, a relatively high peak EIRP should be achievable for the FWA devices. With all those considerations, 32 dBm peak EIRP is recommended as a compromise for the new FWA device in the band n257 and n258. 
Proposal 1: Set minimum peak EIRP = 32 dBm for new FWA UE in the band n257 and n258. 
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. 
Observation 3: The reduced freedom in physical spacing when optimizing a multi-band antenna performance is one of the factors that contribute to the PC3 MBR budget.
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 the MBR value for the new FWA devices should be smaller compared to PC3 devices. 
Observation 4: The MBR for the new FWA PC should be smaller than PC3.  
Based on simulations of a 4x4 antenna array with 5 beams (wide-band feeding has also been taken into account for multi-band design), 0.5 dB for peak and spherical coverage relaxation per band is reasonable. 
Proposal 2:  Adopt 0.5 dB for peak and spherical coverage relaxation per band for the MBR of FWA PC.
Beam correspondence 
Regarding beam correspondence, whether bit-0 BC for PC3 shall be reused for the FWA PC is another open issue. The reason 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 quite 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: _GoBack]Observation 5: 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 part of the 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.
Observation 6: The degradation due to the phase shifter errors have been included in the peak EIRP and spherical coverage requirement.
In the end, we would like to question how meaningful the bit-0/bit-1 BC capability is? In a real network, in a poor SNR/SINR scenario, 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 has been 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 for 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. 
Observation 7: 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 3: Define only BC bit 1 requirement for new FWA UE.
3 Conclusion
In this contribution, we have shared our views on the open issues related to the RF requirement for FWA. The following observations and proposals have been given:
Observation 1: Both 8 and 16 element arrays can be feasible for the new FWA device, but the 16 element arrays can take advantage of the 20 dBi allowed antenna gain and provide better performance.
Observation 2: 16 elements array is a feasible solution for the new FWA device considering the difference in ERIP/EIS between 85% and 100%. 
Observation 3: The reduced freedom in physical spacing when optimizing a multi-band antenna performance is one of the factors that contribute to the PC3 MBR budget.
Observation 4: The MBR for the new FWA PC should be smaller than PC3.  
Observation 5: 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 6: The degradation due to the phase shifter errors have been included in the peak EIRP and spherical coverage requirement.
Observation 7: 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: Set minimum peak EIRP = 32 dBm for new FWA UE in the band n257 and n258. 
Proposal 2:  Adopt 0.5 dB for peak and spherical coverage relaxation per band for the MBR of FWA PC.
Proposal 3: Define only BC bit 1 requirement for new FWA UE.
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