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1 Introduction
In the revised WID for specifying reduced capability NR (RedCap) devices, the following objectives have been noted to have RAN4 impact [1].
	· Specify support for the following UE complexity reduction features [RAN1, 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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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.
· RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive, and for RRC_Connected based on Rel-16 RRM relaxations for RRC_Idle/Inactive, considering the alternatives identified in the RedCap SI:
· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation [RAN4]



In addition, the following objective mentions that carrier aggregation is not intended for RedCap UEs.
	· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.



This contribution briefly discusses the scope of the core RF requirements work in RAN4 related to reduced capability NR (RedCap) devices and the impact of the current RAN1 and RAN2 agreements.
2 Discussion
In this section, we discuss aspects related to RF requirements considering the observations of the technical report produced by the Rel-17 study item [2] and current RAN1 agreements.
2.1 UE complexity reduction
Based on the objectives for the work item, the complexity reduction features of the RedCap UE are summarized in Table 1, which also shows the corresponding features of the NR UE.
[bookmark: _Ref71181380]Table 1. Complexity reduction features of RedCap UE.
	
	FR1 FDD
	FR1 TDD
	FR2 TDD

	Device Bandwidth
	20 MHz
	20 MHz
	100 MHz

	Antenna Configuration
	1Tx-1Rx

1Tx-2Rx
	1Tx-1Rx

1Tx-2Rx
	1Tx-1Rx

1Tx-2Rx

	DL MIMO Support
	Yes for 2Rx
	Yes for 2Rx
	Yes for 2Rx

	Duplex Operation
	FD-FDD, HD-FDD
	TDD
	TDD

	Maximum Modulation
	DL: 256-QAM (optional), 64-QAM mandatory

UL: 64-QAM
	DL: 256-QAM (optional), 64-QAM mandatory

UL: 64-QAM
	DL: 64-QAM

UL: 64-QAM



The introduction of support for the above complexity reduction features for RedCap UEs does not have any impact to BS RF core requirements; however, some of the above UE complexity reduction features are expected to impact RF core requirements, as discussed in this section further below.
Observation 1: There is no impact to BS RF requirements, but impact to UE RF core requierments is expected from the support of UE complexity reduction features.
There is no objective to restrict the frequency bands that will support RedCap UEs. As such, all the FDD and TDD operating bands specified for NR UEs are also supported RedCap UEs.
Observation 2: All NR operating FDD and TDD bands are supported for RedCap UEs. 
Furthermore, one of the RedCap objectives specifically mention the intent to to exclude carrier aggregation from RedCap capabilities. Therefore, operating bands for CA need not be considered. Depending on the consideration of support for SUL, operating band combinations for SUL can also be discussed.
We discuss aspects related to UE RF requirements below.
Reduced UE bandwidth:
The RedCap UE bandwidth is 20 MHz for FR1 and 100 MHz for FR2. RAN1 has made some agreements with respect to BWP operation but is still discussing different options. The options under discussion include consideration of UE retuning to transmit or receive in a BWP that is wider than the UE bandwidth.  No impact to RF core requirements is expected from the reduced UE bandwidth feature. However, RAN1 may ask RAN4 about RF retuning and BWP switching times as needed.

Reduced number of Rx branches:
The minimum number of Rx branches for a RedCap UE is reduced to 1 in all bands, but RedCap UEs with 2 Rx branches are also supported. The minimum number of Rx branches for NR UEs depends on the band (it is 4 Rx branches in FR1 TDD bands). While RAN1 is studying the need for reporting of UE antenna related information to gNB other than the number of Rx branches, (e.g., # of panels, polarization, etc.), there is no agreement yet on these aspects.

Accordingly, the expected impact on UE RF requirements is as follows. The new minimum numbers of Rx branches for RedCap UEs in different bands must be specified.  New receiver characteristics must be defined.  New single carrier reference sensitivity requirements must be defined for RedCap UEs with 1 Rx.  Existing reference sensitivity (REFSENS) requirements for 2 Rx branches can be reused for RedCap UEs where applicable. In bands where the NR UE has a minimum of 4 Rx branches, new REFSENS requirements would need to be defined also for RedCap UEs with 2 Rx branches. When reusing REFSENS requirements defined for NR UEs, when the reference channel allocations exceed the RedCap UE bandwidth, the applicability of currently specified NR requirements needs to be discussedFor reference measurement channels, it may be possible to reuse existing definition, but the allocated resource block may need to be adjusted to make sure to stay within the maximum UE bandwidth. If there is further agreement in relation to the number of UE antenna panels or antenna aspects in FR2, there would be additional impact on corresponding RF requirements. 

Proposal 1: New single carrier REFSENS requirements need to be defined for RedCap UE with one Rx branch and for RedCap UE with two Rx branches 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.
Proposal 2: Reuse existing single carrier REFSENS requirements with two Rx branches when applicable.
HD-FDD:
HD-FDD type A operation is supported for RedCap UEs in FR1. As seen in Table 1,  support for both FD-FDD and HD-FDD UEs will be specified in FR1. Further discussion is necessary on which frequency bands will support HD-FDD RedCap UEs.
Proposal 3: Further dicuss and specify the frequency bands supporting HD-FDD UEs.
New REFSENS requirements also needed for HD-FDD UE with 1 Rx and 2 Rx branches.
Proposal 4: New single carrier REFSENS requirements are needed for HD-FDD UE. 
DL MIMO:
DL MIMO is supported only for RedCap UEs with 2 Rx branches. No RF impact is expected from restricted DL MIMO support for RedCap UEs.
Modulation restriction:
For RedCap UEs in FR1 downlink, support of 64-QAM is mandatory and support of 256-QAM is optional. No impact to RAN4 RF specifications is expected assuming no performance optimizations are introduced unless the CQI table is changed.
Transmitter characteristics
The work item does not include any objective related to changing transmitter characteristics for RedCap UEs. As such, all the RF requirements related to device UE transmitter power (maximum output power, maximum output power reduction, etc.), output power dynamics including power control, and transmit signal quality including EVM that are defined for NR UE can be reused for RedCap UE.
2.2 Extended DRX
The related objective is to specify support for eDRX for RRC Inactive and Idle with eDRX cycles up to up to 10485.76 seconds (up to 10.24 seconds without using PTW and PH). No RF impact is expected from this feature.
Observation 3: No RF impact is expected from support of eDRX for RedCap UEs.
2.3 RRM relaxation
The related objective is to specify RRM relaxations for neighboring cells for RedCap devices. No RF impact is expected from this feature.
Observation 4: No RF impact is expected from support of RRM relaxation for RedCap UEs.
3 Conclusion
This contribution outlined the features being specified for RedCap UEs and briefly discussed the impact of these features on the RAN4 specifications for RF requirements. The following observations and conclusions were made.
Observation 1: There is no impact to BS RF requirements, but impact to UE RF core requierments is expected from the support of UE complexity reduction features.
Observation 2: All NR operating FDD and TDD bands are supported for RedCap UEs. 
Observation 3: No RF impact is expected from support of eDRX for RedCap UEs.
Observation 4: No RF impact is expected from support of RRM relaxation for RedCap UEs.
Proposal 1: New single carrier REFSENS requirements need to be defined for RedCap UE with one Rx branch and for RedCap UE with two Rx branches 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.
Proposal 2: Reuse existing single carrier REFSENS requirements with two Rx antenna branches when applicable.
Proposal 3: Further dicuss and specify the frequency bands supporting HD-FDD UEs.
Proposal 4: New single carrier REFSENS requirements are needed for HD-FDD UE. 
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