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1 Introduction
In WF [1], min EIRP, max TRP, spherical coverage and REFSENS are not decided.
In this paper, we present our view on the FR2 RedCap RF requirements.
2 Discussion
In RAN4#101e, the RF architecture in terms of the number antenna elements is discussed but there is no consensus as companies think it should be a package solution including min Peak EIRP, spherical coverage, the RF architecture in terms of # of antennal elements and dual or single polarization. Among the undefined RF requirements, the min Peak EIRP is an important parameter relating to the coverage of deployed scenario. Once min Peak power decides, the number of antenna elements could be discussed with certain design. Considering the industry factory environment is different with the outdoor and indoor deployment of the PC5 UE in general, the min EIRP could be tailored for the industry factory scenario. 

Min EIRP:

In [2], it is illustrated that UL capacity is limited by the min peak EIRP for deployment in Tokyo and it is proposed to have higher peak EIRP to improve the unbalanced spectrum efficiency issue between UL and DL. In [3], it is shown the UL coverage is limited by the EIRP for Umi-LOS and Umi-NLOS scenario. Both [2] and [3] show the uplink EIRP is crucial for the capability and coverage. As such, the UL budget table is provided in Table 1 for the indoor factory scenario. 
The industry sensor may be deployed also in urban macro environment as stated in Table A.2.4-1 in TR 38.802, as inter-BS distance is 500m in urban macro, the FR1 device is better to provide larger UL coverage. In this paper, the indoor hotspot of single layer is studied for FR2 RedCap device. The BS antenna configuration is according to indoor BS in Table 5.2.3.2.3-1 in TR 38.803. The SNR is selected according to different FRC in TS 38.104.
Table 1: UL coverage link budget for different min Peak EIRP for 16QAM.

	Deployment scenario
	RedCap UE to BS

	Frequency and SCS
	28GHz, SCS=120kHz

	Channel Bandwidth (MHz)
	100

	Channel 
	PUSCH 

	Transmitter
	 

	(1)min EIRP (dBm) 
	30
	27
	24

	(1a) MPR (dB) for inner allocation for 16QAM
(CP-OFDM)
	5.5

	BS Receiver
	 

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	95040000

	(6) Effective noise power
	 

	         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-85.2

	(7) Required SINR (dB) (16QAM, FRC G-FR2-A4-4)
	10.5

	(8) Receiver signal level
	 

	         = (6) + (7) (dBm)
	-74.7

	(9) Reciever Antenna Gain [dBi]
	20

	    Antenna Array element gain (BS)
	5

	     # of antenna element (BS)
	32

	(11) Max Coupling loss (dB): (1)- (1a)-(8)+(9) 
	119.3
	116.3
	113.3


Table 2: UL coverage link budget for different min Peak EIRP for 64QAM.

	Deployment scenario
	RedCap UE to BS

	Frequency and SCS
	28GHz, SCS=120kHz

	Channel Bandwidth (MHz)
	100

	Channel 
	PUSCH 

	Transmitter
	 

	(1)min EIRP (dBm) 
	30
	27
	24

	(1a) MPR (dB) for inner allocation for 64QAM (CP-OFDM)
	7.5

	BS Receiver
	 

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	95040000

	(6) Effective noise power
	 

	         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-85.2

	(7) Required SINR (dB) (64QAM, FRC G-FR2-A5-4)
	12.9

	(8) Receiver signal level
	 

	         = (6) + (7) (dBm)
	-72.3

	(9) Reciever Antenna Gain [dBi]
	20.

	    Antenna Array element gain (BS)
	5

	     # of antenna element (BS)
	32

	(11) Max Coupling loss (dB): (1)- (8)+(9) 
	114.9
	111.9
	108.9


According to the TR 38.901, the indoor factory scenario path loss can be calculated in Table 3. For embedded device, the same penetration loss in clause 7.4.3.1 in TR 38.901 is used in Table 3. The BS and UE height are according to Table 7.8.7 in TR 38.901.
Table 3:The pathloss for different sub-scenario of the indoor factory (TR 38.901)

	 
	InF (f=28GHz)

	
	NLOS
	LOS

	
	InF-SL 
	InF-DL
	InF-SH
	InF-DH
	InF-HH

	
	(sparse clutter, low BS)
	(dense clutter, low BS)
	(sparse clutter, high BS)
	(dense clutter, high BS)
	(high Tx, high Rx)

	BS antenna Height (m)
	1.5
	1.5
	8
	8
	10

	UT antenna Height (m)
	1.5
	1.5
	1.5
	1.5
	10

	pathloss (m)

	20
	95.1
	94.0
	91.8
	91.5
	87.3

	
	40
	102.8
	104.7
	98.3
	97.8
	93.8

	
	80
	110.5
	115.5
	105.1
	104.3
	100.3

	
	100
	112.9
	118.9
	107.4
	106.4
	102.3

	
	200
	120.6
	129.7
	114.3
	113.0
	108.8

	
	500
	130.8
	143.9
	123.4
	121.7
	117.4

	embeded device (dB)
	Standard multi-pane glass 
	7.6
	7.6
	7.6
	7.6
	7.6

	
	IRR glass
	31.4
	31.4
	31.4
	31.4
	31.4

	
	Concrete
	117
	117
	117
	117
	117

	
	Wood
	8.21
	8.21
	8.21
	8.21
	8.21


Table 1 and Table 2 illustrate different allowed MCL for min EIRP for 16QAM and 64QAM. Table 3 illustrates the pathloss for different sub-scenario with different TX-RX distance. By comparing the allowed MCL and path loss in Table 3 it could be observed that for min EIRP of 30 dBm (PC5 min Peak EIRP), the uplink coverage of the 64QAM is limited to less than 80 m for InF-DL scenario. Considering the industry sensor use case where the device may be embedded inside a machinery or enclosure, the additional margin needs to be reserved so coverage distance may be further reduced. For example, for a multi-pane glass penetration, additional 8 dB needs to be budgeted and thus the UL coverage distance would be reduced to 40m (7.6 dB + 104.7 dB = 112.3 dB) for 64QAM. 
Observation 1 A reasonable UL coverage distance for 64QAM with min Peak EIRP of 30dBm PC5 device is 40m in InF-DL scenario.

Considering the RedCap WID justification of specifying the low-cost device compared to the existing FR2 UE and objective of the specifying the one RX branch device, one way to fulfil this is to reduce antenna elements. This will impact the EIRP and thus UL coverage will be reduced. Therefore, trade-off between the UL coverage and device cost must be made. For example, if the distance between BS and UE is 40m (thus the distance between TX-RX is 20m), the min EIRP of the 24 dBm would be possible. The inter-BS distance is stated as (3, 6, 12) BSs per 120m x 50m for indoor hotspot scenario in Table A.2.4-1 in TR 38.802. The inter-BS distance of 40m corresponds to 6 BS per 120m x 50m layout. The additional pathloss margin is also needed for embedded device (e. g 7.6 dB for multi-panel glass) and also for large scale fading (log-normal fading std deviation, e.g 7.2 dB for InF-DL in TR 38.901) effect. 
Observation 2 Min EIRP of 24 dBm is possible for InF-DL scenario accounting for the embedded device additional penetration loss and large-scale fading margin. 
From the above discussion, it shows that the min EIRP could be reduced on the sacrifice of the UL coverage. At the same time, considering the embedded deployment scenario, the additional penetration loss should be accounted/reserved. Further reduction of min EIRP may rely on the repetition technique which could be discussed as low output power class device in future release. 

In RAN4#101e, it is discussed that PC5 could be used as a starting point for industry sensor use case, from above discussion, the min peak EIRP at least could be reduced by 3 dB considering the cost reduction on the RF components. 
Proposal-1: Min EIRP for the RedCap device could be 3 dB lower compared with the PC5 min EIRP.
Spherical coverage:
For FR2, the UE power class is associated with different UE type and UE type is targeted to the different use case. For different type UE, the requirement of the min Peak EIRP, spherical coverage and the spherical coverage EIS are defined differently to fit to the use case. For example, the PC1 UE is defined for FWA UE and it is expected that the professional can install FWA UE on outside the wall and direct the boresight of the beam to the LOS direction from FWA UE to the gNB within the angle of half beam width. Thus, the narrower beam with high EIRP is expected and 85 percentile spherical coverage is defined for such UE. PC2 UE is defined for Vehicular mounted UE and the targeted beam coverage is limited to half sphere because the body of vehicle blocks another half of radiated beam for normal installation. Thus a wider beam coverage would be expected. So, 60%-tile full spherical coverage is agreed for PC2. For handheld UE, the 50%-tile is agreed for handheld UE and 20%-title is defined for non-handheld UE considering the blockage from handgrip or not. 
For PC5 spherical coverage requirement, the gain drop from the min peak EIRP to 85%-tile is 8 dB meaning the 15% measurement in a sphere is covered by array gain of more than 8 dB (16 dB- 8 dB) assuming 16 antenna elements. With reduced # of antenna elements, the array gain for the same percentile would drop more. The gain drop for a certain percentile is consensus between companies’ different design, if the assumed # of antenna element would be reduced, the spherical coverage requirement of PC5 would need to be updated.  

Observation 3 The spherical coverage requirement for industry sensor use case needs update based on reduced # of antennal element for the same required percentile coverage.

As the industry sensor covers wide range of applications, e.g temperature sensor, vibration sensor etc, it is difficult to assume there would be a LOS beam. From this perspective, a wider beam would be preferred to guarantee certain consistent network performance.  However, the wider beam may have implication on the RF architecture complexity in terms of the # of elements. As the gain drop from peak EIRP to required percentile level is relatively fixed (from 8 dB for 85%-tile for PC5 to 11dB for 20%-tile for PC4), it may need more elements/panels to provide wider beam coverage [4].
Observation 4 Wider beam spherical coverage may increase RF complexity.

One possibility is to allow more gain drop for the spherical coverage with reduced antenna elements. But in this case allowed relaxation should not be too much to impact the UL coverage and should be consensus based, preferably with cdf curve in simulation. 
Proposal-2: Define the spherical coverage requirement based on reduced antenna elements and possible relaxation compared to existing PC5 spherical coverage should be allowed. 
Max TRP:
In RAN4#101e, the max TRP has below options. 
Issue 4-5: Max TRP 

Tentative agreements:

23 dBm max TRP as a starting points for all FR2 RedCap UE except the wearable

For wearables use case, the max TRP:

· Option 1: 23 dBm 
· Option 2: less than 23 dBm 

· Option 3: TBA

The TRP reported in [6] for 16 elements PC5 per polarization has range of 15 dBm to 22 dBm depending on the calibration uncertainty. In TS 38.101-2, except PC1, all other FR2 UE with different # of antenna elements have the same max TRP requirements and thus the same MPR is reused from PC2 to PC5. This means scaling up the number of antenna elements does not necessary scaling up with max TRP and UE is allowed to have a TRP less than max TRP.  From this aspect, we believe there is no need to specify different max TRP for RedCap UE considering the reasonable cost reduction and reasonable EIRP reduction, e.g reducing half size of the antenna elements.
Proposal-3: Keep the same max TRP of 23 dBm for FR2 RedCap UE.

# of RX branches in FR2:
 In RAN4#101e, the Rx Branch has below options:
Issue 4-8: 1 RX branch REFSENS  

· Proposals: 
· Option 1: specify 1 Rx branch for RedCap UEs in FR2. 

· Option 2: REFSENS requirements for RedCap UEs are specified based on the RF architecture and other assumptions for the RedCap UE power classes.

· Option 3: TBA

· Recommended WF
· TBA

Our companion paper [7] proposes to have a single polarization receiving for the RedCap UE with the assumption of the BS equipped with dual polarization antenna. This is based on the observation of polarization mismatch performance simulation with different emitted electrical field polarization at BS and UE antenna polarization. With such proposal, the RedCap UE could reduce its dual polarization to single polarization. Thus, the dual receiver connecting to each polarization path for existing FR2 UE could be reduced to single receiver.  In [7], it is agreed that 0 dB diversity gain is used
“Notice that since the dual polarized receive paths are used for diversity maximum ratio combining (MRC), there would be no diversity gain as the signal level picked up by each receive path is a vector projection of the total signal power [7] to its polarized direction. After MRC, the diversity gain is effectively offset to zero.”

The above agreement also imply the equal weight on the dual polarization receiving path, with the reduction of single polarization, 3 dB relaxation should be used to scaling the current REFSENS requirement of PC5. 

Proposal-4: 3 dB relaxation of the current REFSENS of PC5 for RedCap UE for industry sensor use case.

The REFSENS is testing the maximum EIS and EIS spherical coverage would need updates considering the spherical coverage requirement. 
Proposal-5: EIS spherical coverage needs further updates once the REFSENS is defined.
Power class for RedCap UE in FR2:
For the power class, it is stated in WF as below:
Issue 4-3: New power class and UE type for RedCap UE (Multiple choice)

· Proposals: considering the below options with combining the issue 4-6- and issue 4-7
· Option 1: Define new power class for FWA UE for industry sensor 

	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE


· Option 2: Define new power class for FWA UE for Video surveillance 

	UE Power class
	UE type

	2
	Fixed wireless access (FWA) UE


· Option 3: Define new power class for wearable UE 
	UE Power class
	UE type

	3
	Wearable UE


· Option 4: TBA

· Recommended WF
· TBA

As the video surveillance demand a good UL performance, it will be straightforward to reuse the PC5 FR UE without further reducing the RF cost. In  [2], it clearly shows the UL EIRP has big impact on the UL throughput. In such a case, only the bandwidth is limited so the cost reduction mainly from the baseband not the RF. 

Proposal-6: Reuse the PC5 NR UE without RF impact on video surveillance.

For the case of the wearable and industry sensor use case, the EIRP and REFSENS will be impacted, and new power class would be needed.
Proposal-7: Define the new power class for wearable and industry sensor use case.

3 Conclusions

In this contribution, the RF aspects on FR2 RedCap UE is discussed with below observations and proposal:
Observation 1 A reasonable UL coverage distance for 64QAM with min Peak EIRP of 30dBm PC5 device is 40m in InF-DL scenario.
Observation 2 Min EIRP of 24 dBm is possible for InF-DL scenario accounting for the embedded device additional penetration loss and large-scale fading margin. 

Proposal-1: Min EIRP for the RedCap device could be 3 dB lower compared with the PC5 min EIRP.
Observation 3 The spherical coverage requirement for industry sensor use case needs update based on reduced # of antennal element for the same required percentile coverage.
Observation 4 Wider beam spherical coverage may increase RF complexity.
Proposal-2: Define the spherical coverage requirement based on reduced antenna elements and possible relaxation compared to existing PC5 spherical coverage should be allowed.
Proposal-3:

 REF _Ref92735080 \h 
Keep the same max TRP of 23 dBm for FR2 RedCap UE.
Proposal-4: 3 dB relaxation of the current REFSENS of PC5 for RedCap UE for industry sensor use case.
Proposal-5: EIS spherical coverage needs further updates once the REFSENS is defined.
Proposal-6:

 REF _Ref92738629 \h 
Reuse the PC5 NR UE without RF impact on video surveillance.
Proposal-7:

 REF _Ref92738637 \h 
Define the new power class for wearable and industry sensor use case.
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