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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 Power class, bandwidth and frequency band

FR1 RedCap UE Power class:

In WF[2], RAN4 agrees to prioritize the PC3 over other power class. The Power class is band specific and currently only n14 has PC1 and n41 has the PC1.5 which is 29 dBm achieved with dual TX. The PC1 UE is introduced in B24/n14 to enable the higher achievable data rate for Public safety broadband (PSBB). This can be achieved with the vehicular mobile applications by allowing the “first responder” for public safety related application. Considering such use case, the PC1 UE in n14 does not fit to the “RedCap” use case where the low complexity could be made compared to high-end eMBB device. 
Obsevation#1: PC1 in n14 does not fit in the RedCap use case, especially RedCap UE targets for the industrial sensors.
In TR 38.875, the reference NR UE devices is 1 TX for FR1. For PC1.5 in n41, as it is achieved with dual TX, as the complexity could be further reduced so this UE RF architecture does not fit the RedCap use case. 
Obsevation#2: PC1.5 does not fit in RedCap use case. The dual Tx branch could be reduced to 1 Tx branch for complexity reduction.

For PC2 power class UE, it is not essential to be specified for RedCap UE as it target to increase the uplink coverage in general for eMBB UE. PC2 UE could be specified based on operator input.  

Proposal 1: PC3 should be specified for RedCap UE, PC2 could be based on operator request and no need to specify the PC1.5 and PC1.

FR1 frequency band for RedCap UE:
Whether the SUL band should be supported is discussed in several meetings. The WID[1] indicates both half duplex and full duplex should be supported:

· Duplex operation:

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

SUL band combination when operating full duplex mode, there are two band operating at the same time for some of band combination. This also is against the “This WI focuses on SA mode and single connectivity with operation in a single band at a time.”. in WID justification, it also mentions:
· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

So all the FDD band TDD band in FR1 and FR2 should be supported for RedCap UE. During the RAN4#99e, there are several operators who want to support SUL band combination, as it is against the current WID, the proponents of the supporting the SUL band combination should clarify this in a revised WID. 
Proposal#2: FDD and TDD band should be supported for RedCap UE.

Proposal#3: Proponents of adding SUL band combination should clarify this in the RAN plenary with a revised WID.

In current FR1 band, there is also n47 for V2X UE. In TR 38.875, the V2X use case is not mentioned and the link budget for coverage is for network coverage not the UE V2X coverage. The complexity reduction for V2X UE is not discussed and thus should be excluded in the RedCap UE.
Proposal#4: There is no V2X mentioned in WID and in TR 38.875. Thus the V2X frequency band should be excluded in the RedCap operation band.
Bandwidth for RedCap UE:

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 specified per band basis. 
Proposal#5: specify the RedCap UE channel bandwidth per operation band.
2.2 # of RX antenna ports
In WF[2], The REFSENS is identified as the major requirement to be specified for RedCap UE:
· Specify REFSENS:
· For one Rx branch.
· For 2 Rx branches for bands where legacy NR UE is required with 4 Rx antenna ports.
· re-use existing single carrier requirement for 2 Rx branches, FFS on HD-FDD mode.

· Other requirements: FFS
For FR1, as the requirement is conducted requirement, the antenna port (defined in TS 38.211) could be mapped to the antenna connector physically. Therefore, the 1 Rx branch means the 1 antenna port or 1 antenna connector. In WF[5], the REFSENS for sub-6GHz is agreed as below:
· REFSENS = -174dBm + NF + 10*log(RXBW) - Diversity gain + SNR + IM
· Diversity gain is 3dB for 2 RX antenna case
The diversity gain is 3 dB for the 2 RX antenna ports and reducing to 1 RX antenna port means the diversity gain is 0 dB and thus for the 1 RX antenna port RedCap UE, the REFSENS should be increased to 3 dB.
Proposal#6: Consider the diversity gain of 3 dB adjustment for RedCap UE in FR1 with single RX antenna port.

 For the frequency band mandating to have 4 RX antenna port, RedCap UE could have 2 RX antenna port and the # of antenna ports can be reported to network at the initial access phase. As the additional modification factor of ΔRIB,4R  is specified based on 2 RX antenna ports REFSENS, such factor does not need to be considered anymore for 2 RX antenna ports for these frequency band. So specifying the 2 RX antenna ports REFSENS for band is straight forward. 
Proposal#7: For the frequency band mandating to have 4 RX antenna port, the REFSENS for RedCap UE equipped with 2 RX antenna ports should be based on 2 RX antenna ports REFSENS for legacy NR UE.
For HD-FDD operating mode, as TX and RX is operated in TDM, the additional relaxation for REFSENS due to the TX leakage for FDD band does not need to be considered. However, the relaxation for REFSENS due to TX leakage is per band basis as the duplex distance is different from band to band. The REFSENS formula is the same for FDD and TDD band, the IM could be different to take account the desensitization caused by TX leakage. To derive which IM is set to different band, the below parameter is used:
· Diversity gain is 3dB for 2 RX antenna case
· SNR= -1 dB
· NF=9 dB

Table 1 lists the IM used to calculate the REFSENS of FDD band. Assuming the IM = 2.5 dB without the Tx leakage, the ΔIM modification for REFFSENS for HD-FDD mode operation is also suggested in Table 1 based on the 2 RX antenna ports REFSENS.
Proposal#8: Consider the ΔIM modification in Table 1 for 2 RX antenna port REFSENS for RedCap UE operating in HD-FDD mode.

To derive the REFSENS for 1 RX antenna port for RedCap UE operating in HD-FDD port, additional 3 dB diversity should be adjusted.
Proposal#9: Consider adjusting diversity gain from 3 dB additionally for 1 RX antenna port REFSENS for RedCap UE operating in HD-FDD mode.

Table 1:  The IM for REFSENS in NR FDD bands and ΔIM modification for REFSENS for HD-FDD mode.
	Operating band / SCS / Channel bandwidth / Duplex-mode 

 

	Operating Band
	SCS kHz
	5
	 
	 
	10
	 
	 
	15
	 
	 
	20
	 
	 
	Duplex Mode

	 
	 
	MHz
	IM
	ΔIM=IM- 2.5
	MHz
	IM
	ΔIM=IM- 2.5
	MHz
	IM
	ΔIM=IM- 2.5
	MHz
	IM
	ΔIM=IM- 2.5
	 

	 
	 
	(dBm)
	(dB)
	(dB)
	(dBm)
	(dB)
	(dB)
	(dBm)
	(dB)
	(dB)
	(dBm)
	(dB)
	(dB)
	 

	n1
	15
	-100
	2.5
	0.0
	-96.8
	2.5
	0.0
	-95
	2.5
	0.0
	-93.8
	2.4
	-0.1
	FDD

	 
	30
	 
	 
	 
	-97.1
	2.5
	0.0
	-95.1
	2.5
	0.0
	-94
	2.4
	-0.1
	 

	 
	60
	 
	 
	 
	-97.5
	2.5
	0.0
	-95.4
	2.5
	0.0
	-94.2
	2.4
	-0.1
	 

	n2
	15
	-98
	4.5
	2.0
	-94.8
	4.5
	2.0
	-93
	4.5
	2.0
	-91.8
	4.4
	1.9
	FDD

	 
	30
	 
	 
	 
	-95.1
	4.5
	2.0
	-93.1
	4.5
	2.0
	-92
	4.4
	1.9
	 

	 
	60
	 
	 
	 
	-95.5
	4.5
	2.0
	-93.4
	4.5
	2.0
	-92.2
	4.4
	1.9
	 

	n3
	15
	-97
	5.5
	3.0
	-93.8
	5.5
	3.0
	-92
	5.5
	3.0
	-90.8
	5.4
	2.9
	FDD

	 
	30
	 
	 
	 
	-94.1
	5.5
	3.0
	-92.1
	5.5
	3.0
	-91
	5.4
	2.9
	 

	 
	60
	 
	 
	 
	-94.5
	5.5
	3.0
	-92.4
	5.5
	3.0
	-91.2
	5.4
	2.9
	 

	n5
	15
	-98
	4.5
	2.0
	-94.8
	4.5
	2.0
	-93
	4.5
	2.0
	-86.8
	9.4
	6.9
	FDD

	 
	30
	 
	 
	 
	-95.1
	4.5
	2.0
	-93.1
	4.5
	2.0
	-88.6
	7.8
	5.3
	 

	 
	60
	 
	 
	 
	 
	 
	-2.5
	 
	 
	 
	 
	 
	 
	 

	n71
	15
	-98
	4.5
	2.0
	-94.8
	4.5
	2.0
	-93
	4.5
	2.0
	-91.8
	4.4
	1.9
	FDD

	 
	30
	 
	 
	 
	-95.1
	4.5
	2.0
	-93.1
	4.5
	2.0
	-92
	4.4
	1.9
	 

	 
	60
	 
	 
	 
	-95.5
	4.5
	2.0
	-93.4
	4.5
	2.0
	-92.2
	4.4
	1.9
	 

	n8
	15
	-97
	5.5
	3.0
	-93.8
	5.5
	3.0
	-91.4
	6.1
	3.6
	-85.8
	10.4
	7.9
	FDD

	 
	30
	 
	 
	 
	-94.1
	5.5
	3.0
	-91.7
	5.9
	3.4
	-87.2
	9.2
	6.7
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n12
	15
	-97
	5.5
	3.0
	-93.8
	5.5
	3.0
	-84
	13.5
	11.0
	 
	 
	 
	FDD

	 
	30
	 
	 
	 
	-94.1
	5.5
	3.0
	-84.1
	13.5
	11.0
	 
	 
	 
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n13
	15
	-97
	5.5
	3.0
	-93.8
	5.5
	3.0
	 
	 
	 
	 
	 
	 
	FDD

	 
	30
	 
	 
	 
	-94.1
	5.5
	3.0
	 
	 
	 
	 
	 
	 
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n14
	15
	-97
	5.5
	3.0
	-93.8
	5.5
	3.0
	 
	 
	 
	 
	 
	 
	FDD

	 
	30
	 
	 
	 
	-94.1
	5.5
	3.0
	 
	 
	 
	 
	 
	 
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n18
	15
	-100
	2.5
	0.0
	-96.8
	2.5
	0.0
	-95
	2.5
	0.0
	 
	 
	 
	FDD

	 
	30
	 
	 
	 
	-97.1
	2.5
	0.0
	-95.1
	2.5
	0.0
	 
	 
	 
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n20
	15
	-97
	5.5
	3.0
	-93.8
	5.5
	3.0
	-91
	6.5
	4.0
	-89.8
	6.4
	3.9
	FDD

	 
	30
	 
	 
	 
	-94.1
	5.5
	3.0
	-91.1
	6.5
	4.0
	-90
	6.4
	3.9
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n24
	15
	-100
	2.5
	0.0
	-96.8
	2.5
	0.0
	 
	 
	 
	 
	 
	 
	FDD

	 
	30
	 
	 
	 
	-97.1
	2.5
	0.0
	 
	 
	 
	 
	 
	 
	 

	 
	60
	 
	 
	 
	-97.5
	2.5
	0.0
	 
	 
	 
	 
	 
	 
	 

	n25
	15
	-96.5
	6.0
	3.5
	-93.3
	6.0
	3.5
	-91.5
	6.0
	3.5
	-90.3
	5.9
	3.4
	FDD

	 
	30
	 
	 
	 
	-93.6
	6.0
	3.5
	-91.6
	6.0
	3.5
	-90.5
	5.9
	3.4
	 

	 
	60
	 
	 
	 
	-94
	6.0
	3.5
	-91.9
	6.0
	3.5
	-90.7
	5.9
	3.4
	 

	n26
	15
	-97.56
	4.9
	2.4
	-94.56
	4.7
	2.2
	-92.76
	4.7
	2.2
	-87.6
	8.6
	6.1
	FDD

	 
	30
	 
	 
	 
	-94.86
	4.8
	2.3
	-92.76
	4.9
	2.4
	-87.7
	8.7
	6.2
	 

	n28
	15
	-98.5
	4.0
	1.5
	-95.5
	3.8
	1.3
	-93.5
	4.0
	1.5
	-90.8
	5.4
	2.9
	FDD

	 
	30
	 
	 
	 
	-95.6
	4.0
	1.5
	-93.6
	4.0
	1.5
	-91
	5.4
	2.9
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n30
	15
	-99
	3.5
	1.0
	-95.8
	3.5
	1.0
	 
	 
	 
	 
	 
	 
	FDD

	 
	30
	 
	 
	 
	-96.1
	3.5
	1.0
	 
	 
	 
	 
	 
	 
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n65
	15
	-99.5
	3.0
	0.5
	-96.3
	3.0
	0.5
	-94.5
	3.0
	0.5
	-93.3
	2.9
	0.4
	FDD

	 
	30
	 
	 
	 
	-96.6
	3.0
	0.5
	-94.6
	3.0
	0.5
	-93.5
	2.9
	0.4
	 

	 
	60
	 
	 
	 
	-97
	3.0
	0.5
	-94.9
	3.0
	0.5
	-93.7
	2.9
	0.4
	 

	n66
	15
	-99.5
	3.0
	0.5
	-96.3
	3.0
	0.5
	-94.5
	3.0
	0.5
	-93.3
	2.9
	0.4
	FDD

	 
	30
	 
	 
	 
	-96.6
	3.0
	0.5
	-94.6
	3.0
	0.5
	-93.5
	2.9
	0.4
	 

	 
	60
	 
	 
	 
	-97
	3.0
	0.5
	-94.9
	3.0
	0.5
	-93.7
	2.9
	0.4
	 

	n70
	15
	-100
	2.5
	0.0
	-96.8
	2.5
	0.0
	-95
	2.5
	0.0
	-93.8
	2.4
	-0.1
	FDD

	 
	30
	 
	 
	 
	-97.1
	2.5
	0.0
	-95.1
	2.5
	0.0
	-94
	2.4
	-0.1
	 

	 
	60
	 
	 
	 
	-97.5
	2.5
	0.0
	-95.4
	2.5
	0.0
	-94.2
	2.4
	-0.1
	 

	n71
	15
	-97.2
	5.3
	2.8
	-94
	5.3
	2.8
	-91.6
	5.9
	3.4
	-86
	10.2
	7.7
	FDD

	 
	30
	 
	 
	 
	-94.3
	5.3
	2.8
	-91.9
	5.7
	3.2
	-87.4
	9.0
	6.5
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n74
	15
	-99.53
	2.9
	0.4
	-96.33
	3.0
	0.5
	-94.53
	2.9
	0.4
	-89.33
	6.9
	4.4
	FDD

	 
	30
	 
	 
	 
	-96.63
	3.0
	0.5
	-94.63
	3.0
	0.5
	-89.53
	6.8
	4.3
	 

	 
	60
	 
	 
	 
	-97.03
	3.0
	0.5
	-94.93
	2.9
	0.4
	-89.63
	7.0
	4.5
	 

	n91
	15
	-100
	2.5
	0.0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	FDD

	 
	30
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n92
	15
	-100
	2.5
	0.0
	-96.8
	2.5
	0.0
	-95
	2.5
	0.0
	-93.8
	2.4
	-0.1
	FDD

	 
	30
	 
	 
	 
	-97.1
	2.5
	0.0
	-95.1
	2.5
	0.0
	-94
	2.4
	-0.1
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n93
	15
	-100
	2.5
	0.0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	FDD

	 
	30
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n94
	15
	-100
	2.5
	0.0
	-96.8
	2.5
	0.0
	-95
	2.5
	0.0
	-93.8
	2.4
	-0.1
	FDD

	 
	30
	 
	 
	 
	-97.1
	2.5
	0.0
	-95.1
	2.5
	0.0
	-94
	2.4
	-0.1
	 

	 
	60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


3 Conclusions

In this contribution, the RF impact of objective of Rel-17 Redcap WID is discussed with below observations and proposals:
 Obsevation#1: PC1 in n14 does not fit in the RedCap use case, especially RedCap UE targets for the industrial sensors.

Obsevation#2: PC1.5 does not fit in RedCap use case. The dual Tx branch could be reduced to 1 Tx branch for complexity reduction.

Proposal 1: PC3 should be specified for RedCap UE, PC2 could be based on operator request and no need to specify the PC1.5 and PC1.

Proposal#2: FDD and TDD band should be supported for RedCap UE.

Proposal#3: Proponents of adding SUL band combination should clarify this in the RAN plenary with a revised WID.

Proposal#4: There is no V2X mentioned in WID and in TR 38.875. Thus the V2X frequency band should be excluded in the RedCap operation band.
Proposal#5: specify the RedCap UE channel bandwidth per operation band.
Proposal#6: Consider the diversity gain of 3 dB adjustment for RedCap UE in FR1 with single RX antenna port.

Proposal#7: For the frequency band mandating to have 4 RX antenna port, the REFSENS for RedCap UE equipped with 2 RX antenna ports should be based on 2 RX antenna ports REFSENS for legacy NR UE.

Proposal#8: Consider the ΔIM modification in Table 1 for 2 RX antenna port REFSENS for RedCap UE operating in HD-FDD mode.

Proposal#9: Consider adjusting diversity gain from 3 dB additionally for 1 RX antenna port REFSENS for RedCap UE operating in HD-FDD mode.
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