
3GPP TSG-RAN WG4 Meeting # 101-e





R4-2118991
Electronic Meeting, 1st – 12th Nov, 2021
Source:

Ericsson

Title:


On FR2 RedCap power class
Agenda item:

8.10.2.2.1
Document for:

Approval
1 Introduction
In WF [1], there is no consensus on the use case of the FR2 Redcap and also there is no decision on the RF architecture for it. 
In this paper, we present our view on the FR2 RedCap power class.
2 Discussion
2.1 Use case 

In WID [2] justification, the connected industry is mentioned as one of use case:
· One important objective of 5G is to enable connected industries. 5G connectivity can serve as catalyst for next wave of industrial transformation and digitalization, which improve flexibility, enhance productivity and efficiency, reduce maintenance cost, and improve operational safety.  Devices in such environment include e.g. pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, actuators, etc. It is desirable to connect these sensors and actuators to 5G radio access and core networks. The massive industrial wireless sensor network (IWSN) use cases and requirements described in TR 22.804, TS 22.104, TR 22.832 and TS 22.261 include not only URLLC services with very high requirements, but also relatively low-end services with the requirement of small device form factors, and/or being completely wireless with a battery life of several years. The requirements for these services are higher than LPWA (i.e. LTE-MTC/NB-IoT) but lower than URLLC and eMBB.
The challenge for the connected industry use case is the high network availability and reliability. In TS 22.104, such reliability is mapped to the communication service availability and thus the service performance requirements for the periodic deterministic communication service, aperiodic deterministic communication and Non-deterministic communication are specified.  
Table 5.2-1 [TS 22.104]: Periodic deterministic communication service performance requirements
	Characteristic parameter
	Influence quantity
	

	Communica​tion service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2) (note 12a)
	Service bit rate: user experienced data rate (note 12a)
	Message size [byte] (note 12a)
	Transfer interval: target value (note 12a)
	Survival time (note 12a)
	UE 
speed (note 13)
	# of UEs
	Service area 
(note 3)
	Remarks

	99.999 % to 99.999 99 %
	~ 10 years


	< transfer interval value
	–
	50
	500 μs 
	500 μs
	≤ 75 km/h
	≤ 20
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value
	–
	40
	1 ms 
	1 ms
	≤ 75 km/h
	≤ 50
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value
	–
	20
	2 ms 
	2 ms
	≤ 75 km/h
	≤ 100
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)


In URLLC study, the factory automation use case is evaluated with the system level simulation assumption below in FR2 in TR 38.824, in this assumption, the UE has dual polarization with 2 panel in vertical and 8 element per panel. 2 Rx antenna ports also is assumed so there is no reduction on the Rx branch for URLLC study to meet the reliability requirements.
Table A.2.2-2: System-level simulation assumptions at 30 GHz for factory automation
	Parameters
	Value

	Carrier frequency
	30 GHz

	BS receiver noise figure
	7dB as defined in TR 38.802

	BS antenna configurations
	2 Tx/Rx antenna ports 

(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 1, 1) 

dH = dV = 0.5 λ 

Note: Other antenna configurations are not precluded 

	UE antenna configuration
	2 Tx/Rx antenna ports 

(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1)

(dH, dV) = (0.5, 0.5) λ

Static panel selection 

Note: Other antenna configurations are not precluded 

	UE antenna gain
	5dBi 

	BS Tx power
	23 dBm for 80 MHz bandwidth 

	UE receiver noise figure
	10 dB

	SCS 
	120 kHz

Note: Other values for evaluation are not precluded. 

	Simulation bandwidth 
	160 MHz

Note: For TDD, 160 MHz for DL/UL. No FDD bands identified at 30 GHz currently. 

	Channel model 
	5GCM office for 30 GHz

Companies report the modification of the channel model 


Observation 1 URLLC UE assumes the dual polarization, 2 panels and also the 2 RX antenna ports. for antenna configuration
The URLLC requires the 99.999% successful probability defined in TR 38.824, the 5th percentile SINR from system simulation is used in link simulation to evaluate the packet error rate. Such SINR is collected in TR 38.824 from different companies’ simulation results.
The following requirement for Rel-15 URLLC use case are defined in ITU-R M. [IMT-2020.TECH PERF REQ]: 
------------------------------------------------------------------------------------------------------------------------------------------------

The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment, assuming small application data (e.g. 20 bytes application data + protocol overhead). 
If FR2 RedCap UE would reduce the # of RX branch or reduce the antenna panel which is different with the simulation assumption, the 5th percentile SINR would be different for the same deployment and thus it is unknown if such device could meet the URLLC requirement with the other simulation assumptions setting the same. 
Observation 2 For FR2 RedCap UE target to meet the URLLC requirement, it is safe to assume antenna configuration of (M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1).
For industry sensor network with long battery life, the performance requirement is specified in TS 22.104, it is the not the URLLC of 99.999%, so the requirement is relaxed compared with URLLC service.  

Table 5.2-2: Communication service performance requirements for industrial wireless sensors
	Characteristic parameter
	Influence quantity
	

	Communica​tion service availability: target value
	Communication service reliability: mean time between failure
	End-to-end latency (note 6)
	Transfer interval

(note 1) (note 7)
	Service bit rate: user experienced data rate

(note 2) (note 7)
	Battery lifetime [year]

(note 3)
	Message

Size

[byte] (note 7)
	Survival time 
(note 7)
	UE speed
	UE density [UE / m²]
	Range

[m]

(note 4)
	Remarks

	99.99 %
	≥ 1 week
	< 100 ms
	100 ms to 60 s
	≤ 1 Mbit/s
	≥ 5
	20

(note 5)
	3 x transfer interval
	stationary
	Up to 1
	< 500
	Process monitoring, e.g. temperature sensor (A.2.3.2)

	99.99 %
	≥ 1 week
	< 100 ms
	≤ 1 s
	≤ 200 kbit/s
	≥ 5
	25 k
	3 x transfer interval
	stationary
	Up to 0.05
	< 500
	Asset monitoring, e.g. vibration sensor (A.2.3.2)

	99.99 %
	≥ 1 week
	< 100 ms
	≤ 1 s
	≤ 2 Mbit/s
	≥ 5
	250 k
	3 x transfer interval
	stationary
	Up to 0.05
	< 500
	Asset monitoring, e.g. thermal camera (A.2.3.2)

	NOTE 1:
The transfer interval deviates around its target value by < ± 25 %.

NOTE 2:
The traffic is predominantly mobile originated.

NOTE 3:
Industrial sensors can use a wide variety of batteries depending on the use case, but in general they are highly constrained in terms of battery size.

NOTE 4:
Distance between the gNB and the UE.

NOTE 5:
The application-level messages in this use case are typically transferred over Ethernet. For small messages, the minimum Ethernet frame size of 64 bytes applies and dictates the minimum size of the PDU sent over the air interface. 

NOTE 6:
It applies to both UL and DL unless stated otherwise.

NOTE 7: 
It applies to UL.


Observation 3 Industrial wireless sensors with long battery life have relaxed reliability requirement compared to URLLC reliability requirements.

For FR2 RedCap UE which is not targeting to the URLLC service, as the service requirement is relaxed so there is possibility to reduce the UE complexity to benefit the cost and improve the battery life. 
Observation 4 FR2 RedCap UE can reduce the complexity targeting the non-URLLC requirement for industrial wireless sensors 
2.2 FR2 RedCap UE type and RF architecture
In RAN4#100e, the RF architecture is not decided but either reduction of the antenna panel or only reduce the RX branch in baseband processing seems preferable for most of companies. 
As discussed in previous section, FR2 RedCap UE could either support the URLLC service or non-URLLC service targeting to different service requirements.  For URLLC, it requires high reliability and also long mean time to failure (> 10 year in Table 5.2-1 in TS 22.104) but without battery life requirement. For industrial wireless sensors, mean time between failure is > 1 week with battery life > 5 year.   For the RedCap UE supporting the URLLC service, it is safe to assume the antenna configuration of (M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1) and with 2 antenna ports. Thus, such FR2 RedCap UE could be defined by reusing the power class 4 for non-handheld UE. As RedCap UE does not need to support CA and DC, so cost reduction can be achieved by stripping off such features and also reduce the bandwidth by up to 100MHz. For spherical coverage, the power class 4 defines 20% CDF curve meaning the wide spherical coverage and this fits the wireless sensor installation as the installation may be blocked by the surrounding installation environment. 
Proposal-#1 Define FR2 Redcap UE by reusing the power class 4 for non-handheld UE.

For non-URLLC and industrial wireless sensor targets to the long battery life, the Power class 4 RedCap UE may also support this. 

Alternatively, further cost reduction could be made on the reduction of the number of RX branches. The reducing the RX branch may imply reducing the RX branch of one antenna panel, the min EIRP power level and spherical coverage needs to be discussed based on the new RF architecture design.  For the requirement structure, such RF requirement impact could be discussed and specified within the power class 4 RedCap UE type scope.
Table 6.2.1.0-1: Assumption of UE Types 
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE and RedCap UE

	5
	Fixed wireless access (FWA) UE


Proposal-#2 Discuss if a new power class could be defined for FR2 RedCap UE with reduced cost/capability targeting to the non-URLLC service.

3 Conclusions

In this contribution, the RF aspects on FR2 RedCap UE is discussed with below observations and proposal:’
Observation 5 URLLC UE assumes the dual polarization, 2 panels and also the 2 RX antenna ports. for antenna configuration

Observation 6 For FR2 RedCap UE target to meet the URLLC requirement, it is safe to assume antenna configuration of (M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1).
Observation 7 Industrial wireless sensors with long battery life have relaxed reliability requirement compared to URLLC reliability requirements.

Observation 8 FR2 RedCap UE can reduce the complexity targeting the non-URLLC requirement for industrial wireless sensors 
Proposal-#1 Define FR2 Redcap UE by reusing the power class 4 for non-handheld UE.

Proposal-#3 Discuss if a new power class could be defined for FR2 RedCap UE with reduced cost/capability targeting to the non-URLLC service.
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