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1	Introduction
In RAN4#98bis-e, there were intensive discussions on the RF assumptions for PC1.5 FWA. During the brainstorming GTW session, a number of ideas came out. In the end, a compromise WF was agreed [1]. In light of the discussions, we’d like to further clarify our view on how the group should proceed with the MPR requirements for PC1.5 FWA.
2	Discussion
During the last meeting, several operators had expressed their desire for MPR improvement for FWA. Many arguments were based on the FWA form factor. For example, here’s a statement copied from the WF: “For FWA, there are not the same constraints on the form factor, so better antenna isolation and PCB isolation is possible and practical.” Indeed, certain FWA devices may be much larger than smart phones, e.g. some outdoor CPEs. However, consumers typically prefer to have slim sized devices especially when used indoors. As of today, there are already a variety of 4G/5G FWA devices on the market, which can be classified into: outdoor CPE, indoor CPE, MiFi and Dongle. More details on the product dimensions and features can be found at [2].
Besides MiFi and dongle, even for indoor CPE type of devices, the space for the electronic components may be limited. For example, DL 4x4 MIMO is a desired feature for high-end products. And the indoor CPE typically has an integrated WiFi that serves as the Access Point. With the adoption of WiFi 6, 4x4 MIMO becomes popular. In the end, there may be 8 antennas and transceivers to be packed into the limited space, which imposes significant challenges to antenna isolation and PCB isolation. 
Furthermore, in order to benefit from the economy of scale, one FWA device usually needs to support multiple frequency bands, i.e. one design for multiple markets. When the frequency separation is larger than certain threshold, separate antennas for different bands are needed. In summary we make the following observation:
Observation 1: FWA devices have a variety of form factors. Given the limited space and increasing demand for advanced features like MIMO, multi-band, etc., optimisation of antenna isolation and PCB isolation remains challenging. 
We shared our measurement data on antenna isolation before [3], which are duplicated below for convenience. 
Table 1: UE antenna ISO performance summary
	Device types
	Antenna ISO

	
	Low frequency ( dB, for f < 1 GHz )
	High frequency ( dB, for f > 1.7 GHz )

	Smartphone
	~ (8~10)
	~ (8~15)

	Tablet
	~(8~10)
	~(8~15)

	MIFI
	~(8~10)
	~(8~15)

	USB dongle
	~(8~10)
	~(8~12)

	CPE
	~(10~12)
	~(12~15), 20 can be reached for very large CPE


As seen from Table 1, the antenna isolation varies with frequency as well as form factors. The typical value is 10 dB for relatively low frequencies and small form factors. Better isolation may be achieved at higher frequencies and larger form factors. The WF [1] assumes: 15/20 dB antenna isolation and 70 dB PCB isolation, which are higher than some measured data for certain implementations. Hence, we’d like to emphasize the note under the assumptions in the WF [1]: 
· The evaluation is focused on high bands at this moment, assuming FWA has a large form factor 
And here’s our 1st proposal:
Proposal 1: Relatively high antenna isolation/PCB isolation values may be used for evaluation, but they are not the baseline for product implementation.
As pointed out by Skyworks during the GTW session, the MPR may be decided based on two extreme cases. In our view, the assumptions in the WF [1] represent an optimistic scenario, while the assumptions used for deriving the n41 MPR correspond to a conservative scenario. Hence, we propose:
Proposal 2: When determining the PC1.5 MPR for FWA, RAN4 needs to decide how to use the evaluation results based on both optimistic and conservative RF assumptions, which are derived for different bands and form factors.
It is well known that MPR is allowance and the UE is free to use it or not at all. The consumers’ demand in the market will eventually drive certain implementations to perform better than others. Nevertheless, given the desire from the operators, there are a number of things could be tried to make MPR improvement in the specifications. For example, RAN4 may consider to define different MPRs for different frequency bands or band groups (e.g. low/mid/high bands), or RAN4 may consider to define different MPRs for different FWA form factors, e.g., via modfiedMPR. The impact of these approaches needs to be further studied.
However, if RAN4 decides that only one set of MPR requirements is to be defined for PC1.5 regardless of frequency bands or form factors, it should be based on the conservative RF assumptions. Only this way can the widest range of implementations be enabled to meet the demands from most diversified use cases. 
Proposal 3: If RAN4 decides that only one set of MPR requirements is to be defined for PC1.5 FWA regardless of frequency bands or form factors, it should be based on the conservative RF assumptions.

3	Conclusion
The analysis on the RF assumptions for FWA MPR is provided. And our views are presented via the following observations and proposals:
Observation 1: FWA devices have a variety of form factors. Given the limited space and increasing demand for advanced features like MIMO, multi-band, etc., optimisation of antenna isolation and PCB isolation remains challenging. 
Proposal 1: Relatively high antenna isolation/PCB isolation values may be used for evaluation, but they are not the baseline for product implementation.
Proposal 2: When determining the PC1.5 MPR for FWA, RAN4 needs to decide how to use the evaluation results based on both optimistic and conservative RF assumptions, which are derived for different bands and form factors.
[bookmark: _GoBack]Proposal 3: If RAN4 decides that only one set of MPR requirements is to be defined for PC1.5 FWA regardless of frequency bands or form factors, it should be based on the conservative RF assumptions.
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