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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Handheld UE is one of the most important UE type in the wireless communication industry. Nowadays, many variable shapes handheld UE have been shown on the market for a while and has become the fastest growing UE type. Comparing to normal handheld UE, these variable shape handheld UEs have the advantage of changing its size and shape according to the use scenarios. For example, the handheld UE can be folded or narrowed to make the size much smaller and is convenient to be pocket or held in one hand, and the handheld UE can also be opened or widened to get much larger screen size and better using experience.

The typical variable shape UE is folding smartphone as shown in figure 1, which can be folded between top and bottom or between left and right. Another typical UE type is the size scalable smartphone which is shown in figure 2, and these UEs can change its size between top and bottom or between left and right.

For these variable shape UEs, their RF and antenna capabilities can be different from normal handheld UE. This paper will share some views on these kind of new UE types and propose to study the potential impacts to 3GPP specifications.
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Figure 1 Typical Folding smartphone on the market
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Figure 2 Size scalable smartphone

2 Discussion
2.1 3Tx/6Rx and 4Rx @ low bands
It can be easily observed that when the smartphone is opened or widened, the smartphone will get much larger space which is good for the RF and antenna design. 
· For example, to support 3Tx/6Rx it might be difficult under the normal smartphone size, however, it will be much easier to support it by the fold or size scalable smartphones with larger spaces. 
· Another example is the 4Rx in low bands. Currently RAN4 only supports 4Rx in low bands for FWA devices like n8, n28, and n71, and it is considered difficult for smartphone to support them. However, for the variable shape smartphone it will be easier to support it at least in open or large size mode since there will be much larger space to put four low band antennas.
Observation 1:        Higher Tx and Rx capabilities like 3Tx/6Rx or low band 4Rx could be supported by variable shape handheld UE with large size.
[bookmark: _Hlk109322518]Proposal 1:             It is proposed to consider higher capability evolution for handheld UE like 3Tx/6Rx and 4Rx at low frequency bands as an optional feature.
2.2 Variable shape impacts to UE requirements
Another point should be noticed is that when the smartphone is folded or narrowed, the smartphone size will be shrunk and could be smaller than the normal smartphone size. In this case UE capabilities could be reduced.
· Take 6Rx as an example, and in figure 3 UE can support 6Rx when it is in open mode with 6 antennas located in the 6 edges and the isolation can be guaranteed by the space among each other. Once this UE is folded, it can be seen that the spaces between Ant 1 and Ant 2, Ant 3 and Ant 4, Ant 5 and Ant 6 are reduced which makes the isolations become small. In this case, UE Rx capability probably will be changed to 4Rx in the folded mode.
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Figure 3 Rx capability in open and fold mode
Observation 2:        UE capabilities could be changed when the shape/size are changed.
The changed shape/size impact to UE requirements need to be carefully considered, for example the OTA tests since the variable shape UE can works in different shapes/modes. Then in which working mode the OTA requirements should be defined and tested is something new to the OTA test industry, like only one mode or both modes, the requirements probably will be different.
[bookmark: _Hlk109380806]Proposal 2:             It is proposed to consider the variable shape impacts to UE Tx/Rx capabilities and RF/OTA requirements.
3 Conclusions
This paper discusses the variable shape handheld UEs, and its higher and lower capabilities when in different working modes like open mode or fold mode. Then discussed the impact to UE requirements and testing aspects. And got the following observations and proposals.
Observation 1:        Higher Tx and Rx capabilities like 3Tx/6Rx or low band 4Rx could be supported by variable shape handheld UE with large size.
Proposal 1:             It is proposed to consider higher capability evolution for handheld UE like 3Tx/6Rx and 4Rx at low frequency bands as an optional feature.
Observation 2:        UE capabilities could be changed when the shape/size are changed.
Proposal 2:             It is proposed to consider the variable shape impacts to UE Tx/Rx capabilities and RF/OTA requirements.
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