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1 Introduction
In the Rel-17 RedCap WID [1], there are the following WI objectives related to RF work in RAN4:
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.

· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.

· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)

· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.

· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.
· Specify RAN4 core requirements for the above. 

In this paper, we present our view on the RF impact from these RedCap features.
2 Discussion
NR RedCap UE is new type of the NR UE aiming to fulfil the general requirements below from the Justification in WID [1]:
As a baseline, the requirements for these three use cases are:

Generic requirements:

· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors.

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor.

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

The NR MTC reduces the capability to lower the device cost and complexity and the capability related to RF implementation according to the WID [1] objectives are:
1. The Maximum mRedCap UE bandwidth for FR1 is 20MHz.

2. The MaximummRedCap UE bandwidth for FR2 is 100MHz.

3. The minimum number of RX branches is reduced to 1 RX branch for all bands but the specification should also support 2 RX branches.
2.1 # of RX antenna ports
In TS 38.101, the # of RX antenna ports is specified as below for different bands:
The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination
Mapping the # of RX branches to the bands in FR1 results in the two cases below for RedCap UE: 
1. Case A: the # of Rx antenna ports can be minimum 1 for the band where minimum of two RX antenna port is 2 for all bands except the n7, n38, n41, n77, n78, n79 
2. Case B. the # of Rx antenna ports can be minimum 1 or 2 for the band where minimum of two RX antenna port is 4 for band n7, n38, n41, n77, n78, n79 
 Observation 1: The # of RX branches related to RedCap UEs in frequency band in FR1 is as below:
1. Case A: the # of Rx antenna ports is minimum 1 for RedCap UEs in the bands where legacy UEs are required to have a minimum of 2 RX antenna ports 
2. Case B. the # of Rx antenna ports is minimum 1  for RedCap UEs in the bands where legacy UEs are required to have a minimum of 4 RX antenna ports and # of Rx antenna can be 2 for these bands. 
RedCap UE could equip either 1 or 2 Rx antenna for each band and testing should be done according to the reported # of Rx antenna port. There is current RAN1 discussion on how to report the # of Rx branch and RAN4 can make a working assumption that # of RX branch will be one of RedCap UE capability. 
RAN1#104e:
	Agreements:
· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:

· FFS: need for solutions to reduced PDCCH blocking 
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)

· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)




RAN1#104bis-e:

	Agreements:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  

· FFS: whether/how to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA 

· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported 




Therefore, the minimum performance requirement should be connected with the reported # of Rx antenna ports that a RedCap reported to network. Then RF requirement should be specified for RedCap UE equipped with both 1 and 2 antenna ports.
Proposal 1: Specify RF requirement for all band in FR1 for RedCap UE equipped with 1 Rx antenna port.
Proposal 2: Specify RF requirement for all band in FR1 for RedCap UE equipped with 2 Rx antenna port.
For FR1, as the requirement is conducted requirement, the antenna port (defined in TS 38.211) could be mapped to the antenna connector physically. However, there is no direct mapping from antenna port to physical antenna connector in FR2. The diversity characteristics for REFSENS in FR2 relate to the orthogonal polarizations corresponding to reception of 2 orthogonal beams: 
7.2
Diversity characteristics

The minimum requirements on effective isotropic sensitivity (EIS) apply to two measurements, corresponding to DL signals in orthogonal polarizations.

There is no mentioned # of antenna ports for FR2 in TS 38.101-2 and according to the antenna port definition in TS 38.211, the diversity characteristics in TS 38.101-2 indicate polarization receiving and it could mean two antenna ports for dual polarization reception. It could be discussed whether to reduce the FR2 receiver to one antenna port for RedCap UE and if so, how the REFSENS would be impacted. In TR 38.803, the UE antenna pattern is modelled with two panels with 180-degree shift in horizontal domain. Reducing to one antenna port implies only one panel for RedCap UE.
Table 5.2.3.3-1: UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 2, 2, 2)

	(dv, dh)
	(0.5λ, 0.5λ)


	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	NOTE:
This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.


Observation 2: Reducing to one antenna port could mean only one antenna panel in RedCap FR2 UE.
In TR 38.817-01, the polarization gain is listed as one parameter relating to the peak EIRP and such polarization gain is different for different frequency and different implementation. RAN4 could discuss the polarization gain loss per FR2 band for REFSENS if it would be decided to reduce the number of antenna ports. Reducing the polarization gain also impact the minimum Peak EIRP in this case. RAN4 can discuss the feasibility to reduce the antenna ports for FR2 in general.
Observation 3: The polarization gain is band specific and possibly impact both the minimum EIRP and EIS.
Proposal 3: RAN4 discusses feasibility of reducing # of antenna ports and decides on the # of antenna ports for RedCap UE in FR2. 
2.2 Power class, bandwidth and frequency band
In WID [1], there is no mentioning of the RedCap UE power class. RAN4 could discuss if PC3 RedCap UE should be used as starting point for RedCap UE.
Proposal 4: RAN4 discuss and decide on the power class for RedCap UE for both FR1 and FR2. 

In WID [1], there is no frequency band mentioned in the objective. RAN4 could start with some frequency band and based on operator request, additional new bands could be added in the specification in a release independent manner. At least one FDD band, one TDD band for FR1 and one TDD band for FR2should be considered. The frequency band could be proposed by operators in next RAN4 meeting under an additional agenda item.
Proposal 5: Operators could propose the initial frequency bands for RedCap UEs operating in FDD and TDD in FR1 and in FR2 in next meeting. RAN4 could add additional agenda item for it.

In WID, the RedCap UE bandwidth is limited to:
1. The Maximum UE bandwidth for FR1 RedCap is 20MHz.

2. The Maximum UE bandwidth for FR2 RedCap is 100MHz.

With such bandwidth limitation, RedCap UEs will have different bandwidth support compared to legacy UEs, and as such the bandwidth for RedCap UE needs to be added per band basis. 
2.3 Specification structure

As RedCap is a new type UE, it should be discussed how to capture the RedCap UE RF requirements. In 38.101-1 clause 4.3, the clause suffixes are listed for different features. The RedCap UE requirements could use new suffixes in the specification structure.
For FR1 in TS 38.101-1, the suffix G could be added, and the naming could be aligned with RAN1/RAN2 later on.

Table 4.3-1: Definition of suffixes

	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO

	E
	V2X

	F
	Shared spectrum channel access

	[G]
	[RedCap]


For FR2 in TS 38.101-2, the same suffix G could be added.
Table 4.3-1: Definition of suffixes

	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO

	[G]
	[RedCap]

	NOTE:
Suffix D in this specification represents either polarized UL MIMO or spatial UL MIMO. RF requirements are same. If UE supports both kinds of UL MIMO, then RF requirements only need to be verified under either polarized or spatial UL MIMO.


Proposal 6: Discuss whether to add new suffix in TS 38.101-1 and TS 38.101-2 for RedCap UE requirements.
2.4 Overall RF impact

Overall, the impacted UE RF requirements for FR1 are listed below:

	RF requirement
	Comments

	5.2 Operating band
	 Based on operator request with release independent manner

	5.3.5
UE channel bandwidth per operating band
	The Maximum UE bandwidth for FR1 RedCap is 20MHz. 

	6.2.1
UE maximum output power
	Could specify PC3 as default, based on operator request together with operating band or based on RAN4 consensus

	6.2.2
UE maximum output power reduction
	As the Re-15 NR support the UE RF bandwidth less than BS cell bandwidth with BWP.  The UE RF capability with limited RF bandwidth can be configured with BWP within a wide cell bandwidth. The MPR has already covered for RedCap case.  

	6.2.3
UE additional maximum output power reduction
	As the Re-15 NR support the UE RF bandwidth less than BS cell bandwidth with BWP.  The UE RF capability with limited RF bandwidth can be configured with BWP within a wide cell bandwidth. The A-MPR has already covered for RedCap case.

	6.3
Output power dynamics
	Apply to RedCap UE, 

	6.4
Transmit signal quality
	Apply to RedCap UE,

	6.5
Output RF spectrum emissions
	Apply to RedCap UE,

	7.2
Diversity characteristics
	Need to add in RedCap UE reduced RX branch limitation.

	7.3
Reference sensitivity
	Need to add in RedCap UE REFSENS for reduced RX antenna port per RedCap UE frequency Band.
Add also HD-FDD support 

	7.4
Maximum input level
	Apply to RedCap UE,

	7.5
Adjacent Channel Selectivity (ACS)
	REFSENS table refer to REFSENS for RedCap UE

	7.6
Blocking characteristics
	REFSENS table refer to REFSENS for RedCap UE

	7.7
Spurious response
	REFSENS table refer to REFSENS for RedCap UE

	7.8
Intermodulation characteristics
	REFSENS table refer to REFSENS for RedCap UE

	7.9
Spurious emissions
	Apply to RedCap UE,

	
	


The impacted UE RF requirements for FR2 are listed below:
	RF requirement
	Comments

	5.2 Operating band
	 Based on operator request with release independent manner

	5.3.5
UE channel bandwidth per operating band
	The Maximum UE bandwidth for FR2 RedCap is 100MHz. 

	6.2.1
UE maximum output power
	Could specify PC3 as default, based on operator request together with operating band or based on RAN4 consensus
Add RedCap UE on PC3

	6.2.1.0
General
	

	6.2.2
UE maximum output power reduction
	As the Re-15 NR support the UE RF bandwidth less than BS RF bandwidth with BWP.  The UE RF capability with limited RF bandwidth can be configured with BWP within a wide cell bandwidth. The MPR has already covered for RedCap case.  

	6.2.3
UE additional maximum output power reduction
	As the Re-15 NR support the UE RF bandwidth less than BS RF bandwidth with BWP.  The UE RF capability with limited RF bandwidth can be configured with BWP within a wide cell bandwidth. The A-MPR has already covered for RedCap case

	6.3
Output power dynamics
	Apply to RedCap UE, 

	6.4
Transmit signal quality
	Apply to RedCap UE,

	6.5
Output RF spectrum emissions
	Apply to RedCap UE,

	7.2
Diversity characteristics
	Apply to RedCap UE,

	7.3
Reference sensitivity
	Discuss # of Rx antenna ports for RedCap UE. 

Need to add in RedCap UE REFSENS for reduced RX antenna port per RedCap FR2 Band.

	7.4
Maximum input level
	Apply to RedCap UE,

	7.5
Adjacent Channel Selectivity (ACS)
	Apply to RedCap UE, the wanted signal and interference signal need polarization match, discuss whether it still apply to RedCap UE with reduced RX antenna port

	7.6
Blocking characteristics
	Apply to RedCap UE, the wanted signal and interference signal need polarization match, discuss whether it still apply to RedCap UE with reduced RX antenna port

	7.9
Spurious emissions
	Apply to RedCap UE,


Proposal 7: RAN4 Discuss above RedCap UE RF requirement impact.
There is no RF impact identified in this WID, so specification impact from RF perspective only is at UE side.
Proposal 8: No BS RF impact to support RedCap UE.

3 Conclusions

In this contribution, the RF impact of objective of Rel-17 Redcap WID is discussed with below proposal
:
 Observation 1: The # of RX branches related to RedCap UEs in frequency band in FR1 is as below:

1. Case A: the # of Rx antenna ports is minimum 1 for RedCap UEs in the bands where legacy UEs are required to have a minimum of 2 RX antenna ports 
2. Case B. the # of Rx antenna ports is minimum 1  for RedCap UEs in the bands where legacy UEs are required to have a minimum of 4 RX antenna ports and # of Rx antenna can be 2 for these bands. 
Proposal 1: Specify RF requirement for all band in FR1 for RedCap UE equipped with 1 Rx antenna port.
Proposal 2: Specify RF requirement for all band in FR1 for RedCap UE equipped with 2 Rx antenna port.
Observation 2: Reducing to one antenna port could mean only one antenna panel in RedCap FR2 UE.

Observation 3: The polarization gain is band specific and possibly impact both the minimum EIRP and EIS.
Proposal 3: RAN4 discusses feasibility of reducing # of antenna ports and decides on the # of antenna ports for RedCap UE in FR2. 

Proposal 4: RAN4 discuss and decide on the power class for RedCap UE for both FR1 and FR2. 

Proposal 5: Operators could propose the initial frequency bands for RedCap UEs operating in FDD and TDD in FR1 and in FR2 in next meeting. RAN4 could add additional agenda item for it.

Proposal 6: Discuss whether to add new suffix in TS 38.101-1 and TS 38.101-2 for RedCap UE requirements.
Proposal 7: RAN4 Discuss above RedCap UE RF requirement impact.
Proposal 8: No BS RF impact to support RedCap UE.
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