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1 Background
The RedCap WI is to specify a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve three use cases: connected industries (wireless sensors), video surveillance (smart cities) and wearables use cases [1]. The WI was discussed in RAN4 #100-e [2]. A WF [3] covering both FR1 and FR2 was discussed but no agreements for FR2 (only for FR1) were reached.

In this tdoc, we provide our view regarding FR2 RF aspects. 
2 Discussion
Use cases for FR2 RedCap
[bookmark: _Hlk79139667]The WI [1] discusses the motivation to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16 and enable a device design with compact form factor. The WI further discusses reducing the number of RX branches. Firstly, for NR FR2, it is to be noted that the antenna configuration it tightly coupled to the power class. The Power Class (PC) is also tightly coupled to the device type. A discussion of reduced device complexity in FR2 must start with clear use case/ device type descriptions. 
[bookmark: _Ref71384735]Observation 1	A discussion of reduced device complexity in FR2 must start with clear use case descriptions.
Moreover, an FR2 power class is composed of max/min TRP and EIRP while associated with a certain device type.  Therefore, defining a new type of device or a device with a different max/min TRP and EIRP compared to existing power classes in 38.101-2 would also require a new power class to be defined. The three use cases (connected industries, video surveillance and wearables) have different requirements when it comes to e.g., power availability such as battery size and expected charging intervals. Some use cases may use existing an PC whereas other use cases may not. For example, PC5 may work for (fixed mounted) video surveillance. However, we don’t think all three use cases could fit in the existing power classes (PC1 – PC5).
[bookmark: _Ref79151300]Observation 2	New power class may be needed for RedCap devices in FR2. 
RF architecture considerations
Though the device type of RedCap devices in FR2 is still unclear, in this section we provide some fundamental considerations when it comes to the complexity reductions of RF implementation in FR2. 
The commonly accepted RF architecture for NR FR2 UE devices uses two or more antenna panels with 4 or more dual polarized antenna elements in each panel. The number of elements in each panel provides enough array gain in order to achieve the specified peak EIRP and at the same time stay below specified max TRP. Regarding the receiver, array gain is required to overcome the loss and noise figure of the design. Multiple panels are used to achieve a larger spherical coverage. With these considerations in mind, possible complexity reductions for FR2 RedCap could be:
· Reduction of the number of RX branches: For almost all FR2 UE devices, two RX branches are designed in a dual (orthogonal) polarization manner. For FR2 the LOS path may be more dominant and a restriction to single polarization may be associated with higher performance loss as compared to FR1. The dual polarized antennas are also used for combining two power amplifiers, one for each polarization, in order to achieve a higher total output power. If the number of RX branches is to be reduced in FR2, the TX performance is likely to be affected as well, based on the most common RF architecture assumption (one PA feeding each polarization). A simplification of only the baseband architecture to a single baseband RX (rank 1) may be possible, where benefit of dual polarized antennas in RF domain (diversity gain and possibility to have dual PA) could be maintained. This architecture, however, deviates a bit from the WID and may not give the expected complexity reduction achievements.
· Reduction of the number of elements in the antenna panel: Device complexity is reduced, and also device size can be smaller, which may be an enabler for some use case scenarios. Beam management may be simplified which may be good from a power consumption point of view. Array gain will decrease, which leads to decreased RX performance. In the UL, array gain and thus output EIRP (for the same PA configuration) will decrease and thus also UL coverage. Even so, for some use case scenarios, reduction of the number of elements in the antenna panel could be attractive. Specification impact would be relaxed receiver sensitivity and relaxed peak EIRP requirement.
· Reduction of the number of antenna panels: This has a clear implication on reduced device complexity, device cost, and device size. Beam management may also be simplified. The number of panels are used to achieve spherical coverage area. For some use case scenarios, however, a large spherical coverage area may not be that critical (e.g., already specified PC1 FWA). Reduction of the number of antenna panels (i.e., reduced spherical coverage area (%-tile) requirement) could be attractive for some user scenarios.
Wearable use-case
To get an indication how a reduced capability device will perform we made a simulation of a RedCap wearable device (see Figure 1) and compared with a simplified smartphone (PC3 device) model (see Figure 2) at the target frequency of 26GHz. All simulations are done with dual polarized antennas.
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[bookmark: _Ref85702439]Figure 1	 Model of wearable device
[bookmark: _Ref85702475]Figure 2 Simplified smartphone model 

Different antenna configurations were tested:
· 
· Wearable
· single panel
· 2 elements
· 4 elements
· two panels
· 2 elements
· 4 elements
· 
Smartphone
· single panel
· two panel
… and the corresponding radiation pattern are shown in Figure 3 for RedCap wearable device and Figure 4 for simplified smartphone model (PC3 device). The CDF of the array gain is plotted in Figure 5.
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[bookmark: _Ref85704055][bookmark: _Hlk85704089]Figure 3 Radiation pattern for RedCap wearable device. Y axis is (degrees) and X axis  (degrees).
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[bookmark: _Ref85704118]Figure 4 Radiation pattern, simplified smartphone model (PC3). Y axis is (degrees) and X axis  (degrees).
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[bookmark: _Ref85711864]Figure 5 Simulated CDF of array gain for RedCap wearable device versus smartphone PC device

Some comments on the result: 
· Peak gain is about 3dB higher in the smartphone form factor compared to wearable form factor for the same number of element antennas. This is explained by differences in the ground plane.
· Peak gain is about 3dB higher in RedCap 4 element array compared to 2 element array (as expected).
· Spherical coverage is 3 to 5dB better with two arrays compared to single array (as expected).
[bookmark: _Hlk85710930]A PC3 device (smartphone) has a minimum specified peak EIRP of 22.4 dBm. From the result above, assuming the same PA technology used in the RedCap wearable device as in a smartphone, we could expect about 3dB less peak EIRP for the RedCap 4-element-array case, which then is around 19.5dBm. For the 2-element-array case, conducted power is 3dB less and array gain is ~6dB less than a PC3 device and thus, a peak EIRP in the order of 13.5dBm could be expected for the 2-element array RedCap device. These initial estimations are done for 26GHz.
[bookmark: _Ref85716713]Observation 3	The peak EIRP of a RedCap wearable device could be expected to be in the order of 19.5dBm for the 4-element-array implementation and in the order of 13.5dBm for the 2-element-array implantation.
[bookmark: _Hlk85713275]Looking at the result in Figure 5, spherical coverage @50%-tile gain drop from peak EIRP is about 10dB for single array case and about 7dB for dual array case. Spherical coverage, the gain drop for a PC3 device, calculated from TS 38.101-2 is 10.9dB (22.4dBm – 11.5dBm) which roughly matches Figure 5, see back + side panel case (dotted violet curve).
[bookmark: _Ref85716722]Observation 4	Spherical coverage @50%-tile gain drop for a RedCap wearable device could be expected to be in the order of 10dB for the single array case and in the order of 7dB for dual array case.
What does this mean for the perceived performance? The intention with RedCap is that something should be reduced. To implement two antenna arrays with 4 elements each will be very challenging. Besides, as of today’s technology the current consumption will be high compared to the size of the battery that is practical for this use-case and thus from a practical design point of view a single 2-element antenna array will be the most reasonable in a wearable RedCap device.
[bookmark: _Ref85716728][bookmark: _Hlk85714240]Observation 5	From a practical design point of view a single 2-element antenna array will be the most reasonable in a wearable RedCap device.
To get an early estimate of coverage we could use Friis transmission formula (far field) to estimate distance to cell edge

For a device with peak EIRP in the order 13.5dBm (at 26GHz) operational distance will be in the range of 1/3 compared to a PC3 device (roughly 70m) concerning the UL. In DL “only” a factor ½ reduction in operational distance would be expected since the DL doesn’t suffer from reduced number of PAs. How this behaves in the network needs to be further studied. Note that aspects on coverage recovery / enhancement have not been considered. This may ease up the situation somewhat.
[bookmark: _Ref85716737]Observation 6	For a device with peak EIRP in the order 13.5dBm (at 26GHz) operational distance will be in the range of 1/3 for UL compared to a PC3 device.
[bookmark: _Ref85730850]Observation 7	Studies of network behavior in realistic deployment scenarios is needed to see if a wearable RedCap device with single 2-element antenna array is meaningful.
From the above study it is clear that a RedCap FR2 wearable device needs a new PC.
[bookmark: _Ref85798949]Proposal 1	RAN4 to study a new power class for a RedCap FR2 wearable device.
3 Conclusion
In this contribution, we have shared our views on FR2 RF aspects for NR RedCap. The following observations have been made:
Observation 1	A discussion of reduced device complexity in FR2 must start with clear use case descriptions.
Observation 2	New power class may be needed for RedCap devices in FR2.
Observation 3	The peak EIRP of a RedCap wearable device could be expected to be in the order of 19.5dBm for the 4-element-array implementation and in the order of 13.5dBm for the 2-element-array implantation.
Observation 4	Spherical coverage @50%-tile gain drop for a RedCap wearable device could be expected to be in the order of 10dB for the single array case and in the order of 7dB for dual array case.
Observation 5	From a practical design point of view a single 2-element antenna array will be the most reasonable in a wearable RedCap device.
Observation 6	For a device with peak EIRP in the order 13.5dBm (at 26GHz) operational distance will be in the range of 1/3 for UL compared to a PC3 device.
Observation 7	Studies of network behavior in realistic deployment scenarios is needed to see if a wearable RedCap device with single 2-element antenna array is meaningful.
Proposal 1	RAN4 to study a new power class for a RedCap FR2 wearable device.
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