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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 #101-e [2] and a WF [2] was agreed.

In this tdoc, we provide our view regarding FR2 RF aspects. Agreements, concerning FR2, from the WF [2] are copied below.

[bookmark: _Hlk92198131]Agreement after GTW session (concerning FR2)
Issue 4-1: FR2 RedCap UE priority  
Agreement: Postpone the priority discussion, focus other discussion first.
Issue 4-2: Use case for FR2 RedCap UE (Multiple choice)
Agreement: 
· Consider all three use cases in FR2 RedCap UE
· Industry sensor
· FFS whether FR2 PC5 as starting point
· video surveillance
· FFS whether use FR2 PC5 as starting point
· wearables use case.
· FFS whether to reuse FR2 PC3 or defining the new power class
· Other use cases are not precluded
· For the above use cases
· Use n261, n257, n258 as example bands for discussion
· Other bands will be introduced in the release independent way 

Issue 4-4-1: UE architecture associated with the different use case RedCap FR2 UE 
Agreement: To define the RF requirements, assume one antenna panel for industry sensor and video surveillance as the starting point
· If the difficulty to meet the requirement of use cases, two panels can be considered

2 Discussion
Use cases for FR2 RedCap
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. For NR FR2, the antenna configuration is tightly coupled to the power class (PC) which is also tightly coupled to the device type. The WF [3] suggests waiting with the priority discussion and consider all three use cases in the WI [1]. In the WF  
[bookmark: _Ref92438217]Connected Industry use case
The WF [3] suggests using PC5 as a starting point for industry sensor (connected industry use case). PC5 has a peak EIRP for power specification of 30.4 dBm (n258) with a max TRP of 23 dBm. This could be achieved with different antenna configurations, but a typical configuration could be an array with 16 dual polarized elements. Assuming each PA consuming 25mW the total transmitter consumes in the order of 1 W including drivers etc. This simple reasoning shows a battery-operated industry sensor based on PC5 would be unpractical. Regarding the spherical coverage aspect, PC5 is only specified down to 85%-tile. This means that the device has to be mounted in a fix position where the location of the base station antenna is known. Finally, regarding the cost aspect: a PC5 based device may be rather costly due to the rather big RF part. For some cases, those limitations are maybe not a problem, where for others they are. Another PC could be investigated in parallel for industry sensors.
[bookmark: _Ref92459071]Proposal 1	A new power class should be considered in parallel to PC5 for the Connected Industry use case.
In section 2.4 we will discuss a reduced complexity device for wearables that also could be suited for small industry sensors. 
[bookmark: _Ref92458997]Observation 1	A new RedCap FR2 power class may be reused between the connected industry and wearable use cases.
Video Surveillance (Smart Cities) use case
Also, for video surveillance use case the WF [3] suggests using PC5 as a starting point. The limitations of PC5 listed in 2.2 should not be a problem for the video surveillance use case and PC5 could be used as is.
[bookmark: _Ref92459018]Observation 2	PC5 is well suited for the video surveillance use case.
[bookmark: _Ref92456319]Wearable use case
In general, the FR2 RF part requires several antenna elements, PAs, and LNAs which makes it both large and power hungry. The trade-of between device size (including battery size) and recharging interval for a good user experience is tricky. Therefore, the wearable use case maybe has the lowest priority, concerning FR2.
[bookmark: _Ref92459029]Observation 3	The wearable use case maybe has the lowest priority, concerning FR2.
Anyhow, we will discuss wearable use case a bit further. The WF [3] suggests to further study whether to reuse FR2 PC3 or defining the new power class for the wearable use case. As everyone knows, the basis (reference architecture) for PC3 regarding antenna configuration is a 4 dual polarized element array, so this is regarded as the starting point. The RF complexity reduction was discussed in [4] where the following were discussed:
· Reduction of the number of RX branches (diversity)
· Reduction of the number of elements in the antenna panels
· Reduction of the number of antenna panels
Comparing the reduction of the number of RX branches (diversity) to the reduction of the number of elements in the antenna panels will yield the same reference sensitivity, i.e., it is the number of LNA that counts. For a non-LOS condition, the fading could be significant, and the lack of diversity could degrade the performance and user experience. 
[bookmark: _Ref92459040]Observation 4	For a non-LOS condition, the fading could be significant, and a lack of diversity could degrade the performance and user experience.
Regarding the transmitter, comparing the reduction of the number of RX branches (diversity) to the reduction of the number of elements in the antenna panels will give 3dB higher EIRP (for the same TRP) if diversity is abandoned rather than reducing the number of elements in a panel. In despite of this fact, we think the effect on the RX is of higher importance and, therefore, the reduction of the number of RX branches (diversity) is ruled out.
[bookmark: _Ref92459082]Proposal 2	The RF complexity reduction for the FR2 wearable use case could be done by reduction of the number of elements in the antenna panels or reduction of the number of antenna panels.
To get an indication how a reduced capability device will perform a simulation of a RedCap wearable device was done compared with a simplified smartphone (PC3 device) model at the target frequency of 26GHz [4]. All simulations were done with dual polarized antennas.
The different antenna configurations which were tested:
· 
· Wearable
· single panel
· 2 elements
· 4 elements
· two panels
· 2 elements
· 4 elements
· 
Smartphone
· single panel
· two panel
The CDF of the array gain from [4] is copied in Figure 1.
[image: ]
[bookmark: _Ref85711864]Figure 1 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]Due to the differences in the ground plane, we could expect about 3dB less peak EIRP for the RedCap 4-element-array case, which then is around minimum 19.5dBm compared to the normal PC3 device. For the 2-element-array case, conducted power is 3dB less and array gain is ~6dB less compared to the PC3 smartphone resulting in a peak EIRP in the order of 13.5dBm.
[bookmark: _Ref85716713]Observation 5	The peak EIRP of a RedCap wearable device could be expected to be in the order of 13.5dBm for the 2-element-array implantation.
[bookmark: _Hlk85713275]Looking at the result in Figure 1, spherical coverage @50%-tile gain drop from peak EIRP is about 10dB for single array case and about 7dB for dual array case. 
[bookmark: _Ref85716722]Observation 6	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 7	From a practical design point 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. Alternatively, by using more system resources e.g., introducing repetitions, the operational distance could be maintained but the throughput is reduced. In DL “only” a factor ½ reduction in operational distance would be expected since the DL doesn’t suffer from reduced number of PAs. Also here, reduced operational distance and throughput could be interchangeable. How this behaves in the network needs to be further studied. 
[bookmark: _Ref85716737]Observation 8	Compared to a PC3 device, a device with peak EIRP in the order 13.5dBm (at 26GHz), the operational distance will be in the range of 1/3, alternatively the operational distance is maintained but the throughput is reduced.
From the above study it is proposed to base the RedCap FR2 wearable device PC on 2 dual polarized element array(s) reference design. Whether to base spherical coverage specification on a one or a two panels reference design further investigation is proposed.
[bookmark: _Ref85798949]Proposal 3	The RedCap FR2 wearable device PC to be based on a 2 dual polarized element array(s) reference design.
[bookmark: _Ref92459467]Proposal 4	FFS the number of panels in the RedCap wearable reference design.
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 new RedCap FR2 power class may be reused between the connected industry and wearable use cases.
Observation 2	PC5 is well suited for the video surveillance use case.
Observation 3	The wearable use case maybe has the lowest priority, concerning FR2.
Observation 4	For a non-LOS condition, the fading could be significant, and a lack of diversity could degrade the performance and user experience.
Observation 5	The peak EIRP of a RedCap wearable device could be expected to be in the order of 13.5dBm for the 2-element-array implantation.
Observation 6	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 7	From a practical design point a single 2-element antenna array will be the most reasonable in a wearable RedCap device.
Observation 8	Compared to a PC3 device, a device with peak EIRP in the order 13.5dBm (at 26GHz), the operational distance will be in the range of 1/3, alternatively the operational distance is maintained but the throughput is reduced.
Proposal 1	A new power class should be considered in parallel to PC5 for the Connected Industry use case.
Proposal 2	The RF complexity reduction for the FR2 wearable use case could be done by reduction of the number of elements in the antenna panels or reduction of the number of antenna panels.
Proposal 3	The RedCap FR2 wearable device PC to be based on a 2 dual polarized element array(s) reference design.
Proposal 4	FFS the number of panels in the RedCap wearable reference design.
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