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1	Introduction
For FR2 RedCap UE, there are some initial discussions in #99e meeting, but no consensus were achieved at that time, where some progresses were captured in WF [1], the operator input is needed for use case and power class etc.:
· FR2:
· FFS
· Operators are encouraged to provide feedback on use case of RedCap UE in FR2 for next meeting, e,g Power class, frequency band etc.
In #100e meeting, companies provide contributions [3~7] to continue to discuss the FR2 RedCap UE. However, consensus were achieved in the end. Many open issues are listed in WF[2], such as Use case for RedCap UE, new RedCap UE type,  Power class for RedCap UE in FR2 and RF architecture for RedCap UE in FR2. 
Meanwhile, the priority on RedCap UE in FR2 was mentioned.
In #100e meeting, FR2 RedCap UE related issues were further discussed although some companies think it should deprioritize FR2 RecCap UE in Rel-17 such as [9], where the main reasons were the use case including the supported bands were unclear. 
Agreements achieved in [11] were listed below
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 
In this contribution, we provide some discussions on FR2 RedCap.
2	Discussion
In our understanding, the use cases for FR2 Redcap UE should be defined first, including the power class. In current TS38.101-2 spec, the requirements are largely defined based on the power classes.
Some use cases are mentioned in the WID, i.e. Industrial wireless sensors, Video surveillance and Wearables. However, in terms of the summary in [10], the discussion were diverse:
Majority companies seems fine to define at least one use case for FR2 RedCap UE. 4 companies are ok to deprioritize FR2 RedCap UE in Rel-17, and one company indicate the WID need update if this is decision in RAN4. Moderator view is that it is too early to decide in this meeting considering more company want to define FR2 Redcap UE and more discussion around the other issues in topic #4 will be good to clarify the current situation. A clear direction on the FR2 RedCap UE is needed in this meeting.
In last meeting, RAN4 spent lots of time to discuss the use case, and it seems there were no criteria to decide which use case should be supported and which use cases should not be supported. Actually the peak bit rate for all the three use cases for FR2 RedCap UE can be met easily compared with the requirements mentioned in the RedCap WID. Thus, in the end all of the three use cases were considered in FR2 RedCap UE.
Currently, power class (i.e. peak EIRP) capability to distinguish different UE types without indicating UE types, and each power class can cover several UE types. There are five UE power classes defined corresponding to five UE types based on specific device architectures. These power classes, UE types and the supported bands are summarized in Table 1.
[bookmark: _Ref85464947]Table 1. Assumption of UE Types and supported bands (from TS38.101-2)
	UE Power class
	UE type
	Supported bands

	1
	Fixed wireless access (FWA) UE
	n257, n258, n260, n261, n262

	2
	Vehicular UE
	n257, n258, n261, n262

	3
	Handheld UE
	n257, n258, n259, n260, n261, n262

	4
	High power non-handheld UE
	n257, n258, n260, n261, n262

	5
	Fixed wireless access (FWA) UE
	n257, n258, n259



From RF requirements perspective,  different sets of RF requirements are defined for different bands in different power classes, especially for the Tx minimum peak EIRP, REFSEN and EIS spherical coverage requirements.
Although there are the same UE types, i.e. FWA UE, different power classes were defined due to device architectures are different. Consequently, requirement of peak EIRP,REFSEN and EIS spherical coverage requirements are different.
Observation: Different RF requirements are defined for different bands in different UE power classes.
For Peak EIRP requirements, it was derived by calculation with the link budget parameters. The link budget parameters skeleton were agreed in [12] when band n259 was introduced, which is listed in table 2. It shall be noted that the link parameters skeleton were almost the same for the other bands in different power classes.
Table 2. link budget parameters for n259
	Parameter
	Unit
	Nominal value
	Contribution to tolerance

	Frequency range
	GHz
	39.5 - 43.5 GHz

	Pout per element
	dBm
	　
	　

	# of antennas in an array
	　
	　
	　

	Total conducted power per polarization
	dBm
	　
	　

	Avg antenna element gain
	dBi
	　
	　

	Antenna rolloff loss versus frequency
	dB
	　
	　

	Realized antenna array gain
	dBi
	　
	　

	Polarization gain
	dB
	　
	　

	Mismatch and transmission line loss including load pull
	dB
	　
	　

	Beam forming loss (phase shifter and amplitude error)
	dB
	　
	　

	Finite beam table
	dB
	　
	　

	Beam forming loss (one beam table fits all)
	dB
	　
	　

	Form factor integration losses
	dB
	　
	　

	Total implementation loss (nominal)
	dB
	　
	　

	Total implementation loss (worst case)
	dB
	　
	　

	Peak EIRP (Nominal)
	dBm
	　
	　

	Tolerance (+/-)
	dB
	　
	　

	Peak EIRP (Minimum)
	dBm
	　
	　

	Peak EIRP (Maximum)
	dBm
	　
	　



In current WID, the approach of ‘Reduced minimum number of Rx branches’ is not restricted for FR1 or FR2, it would be interpreted as such approach can be applied for either FR1 or FR2 RedCap UE. Meanwhile, some different approaches were proposed by the companies, such as reduction of the Reduction of the number of elements in the antenna panel or Reduction of the number of antenna panels.
No matter which above approaches are adopted, it could impact on the some parameters in the above tables, such as # of antennas in an array and Polarization gain, then corresponding parameters of Total conduct power per polarization and Realized antenna array gain will be impacted. Actually when ‘Reduced minimum number of Rx branches’ is applied to FR2 RedCap UE, i.e. from 2Rx to 1Rx, then there are no polarization gains. Meanwhile, it is FFS whether or not some of the losses should be kept considering more simplification on the architecture for RedCap UE.
Similarly, the REFSEN are defined base on two orthogonal polarizations, and any impacts on Total Ant. gain such as reducing the polarization from two to one will impact the REFSEN requirements. Therefore, it would be foreseen that new sets of the RF requirements of Tx Peak EIRP/ spherical coverage, REFSEN, EIS spherical coverage are needed to be defined for all the three aforementioned uses cases, which means different power classes would be needed for the corresponding use cases for FR2 RedCap UE.
In terms of the agreements, it was said whether PC3/5 can be used as staring point. In our understanding, it seems the existing requirements would be reused as much as possible. However, as discussed above, some key requirements would be different with the existing ones of power classes.
Another two transmission maximum output is maximum EIRP and maximum TRP requirements, in which the maximum EIRP requirements come from FCC regulation (i.e. +55dBm for transportable stations and +43dBm for mobile station), and the maximum TRP requirements come from the co-existence assumption to meet some other regulations. For PC2/3/4/5, same requirements were applied, i.e. +23dBm for max. TRP and +43dBm for max. EIRP, which can also be inherited to FR2 RedCap UE power classes.
Proposal 1: Three new power classes would be needed for the use cases of FR2 RedCap UE, i.e.Industry sensor, video surveillance and wearables. 
Proposal 1-1: New Tx Peak EIRP/spherical coverage, REFSEN, EIS spherical coverage are needed to be defined for FR2 RedCap UE each power class.
Proposal 1-2: +23dBm for max. TRP and +43dBm for max. EIRP are applied to all FR2 RedCap UE power classes.
For some other requirements, such as EVM, SEM, ACLR, Maximum Input level, ACS, blocking, Tx/Rx spurious emission, are defined regardless of the power class, so no need to change. It should be noted that the parameters for EVM for RedCap UE in different power classes should be defined, pending on the minimum output power definition.
Proposal 2: No changes for the requirements of EVM, SEM, ACLR, Maximum Input level, ACS, blocking, Tx/Rx spurious emission for FR2 RedCap UE.
For MPR requirements, currently PC2, PC3, PC4 and PC5 are use the same PC3 MPR values due to the same max. TRP of 23dBm are for these four power classes. For PC3 handheld UE, MPR in single CC operation was defined in a manner that was insensitive to RB allocation while met the unwanted emission requirements such as SEM requirement. As proposed as above, +23dBm max. TRP limits are propose for all FR2 RedCap UE power classes. Therefore, it is reasonable to reuse the existing PC3 MPR values(BWchannel ≤ 200 MHz) for all the power classes of RedCap UE.
Proposal 3: To reuse the existing PC3 MPR values(BWchannel ≤ 200 MHz) for the power classes of RedCap UE.
For MBR requirement, it is for a UE supporting multiple bands where the antenna performance will be relaxed comparing with single band operation. Although CA operation is excluded for RedCap UE, in our understanding supporting multiple band is still possible for RedCap UE, where only one band operates at a time. It should be noted that a UE supports inter-band CA means this UE also supports multiple band operation, but on the contrary, a UE supports multiple band operation does not mean this UE mandatory supports inter-band CA. 
Currently MBR requirements are defined for PC3 and PC5 and it seems the value of PC5 are based on the values of PC3. Therefore, it can use PC3/5 MBR as staring point.
Proposal 4: Using PC3/5 MBR as starting point.
3 Conclusion
In this contribution, we provide some further discussions on FR2 RedCap UE . The conclusions and the proposals are summarized below:
Observation: Different RF requirements are defined for different bands in different UE power classes.
Proposal 1: Three new power classes would be needed for the use cases of FR2 RedCap UE, i.e.Industry sensor, video surveillance and wearables. 
Proposal 1-1: New Tx Peak EIRP/spherical coverage, REFSEN, EIS spherical coverage are needed to be defined for FR2 RedCap UE each power class.
Proposal 1-2: +23dBm for max. TRP and +43dBm for max. EIRP are applied to all FR2 RedCap UE power classes.
Proposal 2: No changes for the requirements of EVM, SEM, ACLR, Maximum Input level, ACS, blocking, Tx/Rx spurious emission for FR2 RedCap UE.
Proposal 3: To reuse the existing PC3 MPR values(BWchannel ≤ 200 MHz) for RedCap UE.
Proposal 4: Using PC3/5 MBR as starting point.
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