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1	Introduction 

To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, the additional complexity reduction relative to Rel-17 RedCap UE feature [1] was considered and studied [2] which had spawned a new Rel-18 work item on “enhanced support of reduced capability NR devices” [3] approved in RAN #97-e meeting. On the work item objective for complexity/cost reduction, the UE baseband (BB) bandwidth reduction to 5 MHz only for PDSCH and PUSCH with RF bandwidth maintained up to 20 MHz was targeted. Owing to that the DL allocation is restricted to 5 MHz within a potentially wider channel bandwidth, the necessity of specifying new REFSENS requirements for non-fully allocated DL channel bandwidth was first discussed in RAN4 #106 meeting [4]. In last RAN4 meeting, further discussions on how to specify enhanced RedCap (eRedCap) UE REFSENS for channel BW wider 5MHz were concluded with two options as captured in the approved “WF on eRedCap UE RF requirements” [5], which will be down-selected in this meeting. In this contribution, we use n71 as an example band and provide our preliminary REFSENS analysis by simulations for 10MHz, 15MHz, and 20MHz channel BW based on the Option 2b approach under the virtual worst-case configuration (UL and DL allocations are closet to each other). The outcome has confirmed our expectation that the simulated REFSENS under the virtual worst-case configuration cannot be simply scaled from the existing REFSENS for wider channel BW as the Tx noise inside the DL carrier is not spectrally flat. Therefore, without confining the 5MHz UL and DL allocations at the center of the channel BW as proposed in Option 3, the REFSENS would have to be evaluated from scratch for all FDD bands which would be a substantial workload for RAN4. For that reason we propose to adopt Option 3 approach to specify eRedCap UE REFSENS requirements. For Rx requirements other than REFSENS, we think no restriction on UL and DL allocations is needed for both TDD bands and FDD bands as will be explained in the section below.        
2 Discussion

Figure 2-1 depicts the virtual worst-case UL and DL allocations for n71 eRedCap UE REFSENS analysis where only 15kHz SCS was considered.
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Figure 2-1 Virtual worst-case UL and DL allocations for n71 eRedCap UE REFSENS analysis
The simulation assumptions for the REFSENS analysis are summarized in Table 2-1.

	Parameter
	Value
	Comment

	Tx and PA model
	Same as used for MPR/A-MPR simulations 
	CIM3, CIM5, IRR, etc.

	Tx power
	23 dBm
	At antenna port

	FE insertion loss
	4 dB
	 

	Duplexer isolation
	50 dB
	Tx to Rx

	
	42 dB
	Tx to ANT

	Antenna isolation
	10 dB
	Main to diversity

	MRC
	 
	Uncorrelated



Table 2-1 Simulation assumptions for n71 eRedCap UE REFSENS analysis

Figure 2-2 shows the simulated Tx spectral profile for n71 20MHz channel BW where it can be observed that the Tx noise inside the DL carrier (light green region) is not spectrally flat. 
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Figure 2-2 Simulated Tx spectral profile for n71 20MHz channel BW

Observation 1: n71 20MHz Tx noise inside the DL carrier is not spectrally flat.

Table 2-2 summarized the 25RB REFSENS derived from both simulations and the scaling from the current REFSENS requirements for channel BW wider than 5 MHz.

	 REFSENS Derivation
	REFSENS (dBm)

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Simulation
	-97.2
	-96.0
	-95.8
	-90.5

	Scaling
	-97.2
	-97.2
	-96.6
	-92.3



Table 2-2 25RB REFSENS derived from simulations and scaling from current REFSENS requirements

It can be seen that the REFSENS power level derived from simulations for channel BW wider than 5 MHz are consistently higher than that derived from current REFSENS scaling. The outcome is expected as the 25RB under simulation is located closest to the UL allocation which is subject to the highest Tx noise interference within the entire DL carrier range, while the current REFSENS scaling would be equivalent to that the 25RB is impacted by the averaged Tx noise over the entire DL carrier range. Therefore, the Option 2b approach [5] based on current REFSENS scaling would not be feasible for any DL allocation if the Tx noise within the DL carrier range is not spectrally flat.            

Observation 2: n71 REFSENS power level derived from simulations under virtual worst-case UL and DL allocations for channel BW wider than 5 MHz are consistently higher than that derived from current REFSENS scaling.

As most of the FDD bands are with relatively narrow duplex spacing where the Tx noise within DL carrier is likely not spectrally flat for channel BW wider than 5 or 10 MHz, REFSENS would need to be evaluated for UL and DL allocations with duplex distance less than nominal duplex spacing. The workload for deriving all FDD bands new REFSENS requirements is expected to be quite substantial either based on simulations or Lab characterizations. RAN4 needs to mindfully consider whether there is any merit by choosing arbitrary UL and DL allocations or the virtual worst-case allocation for specifying eRedCap UE REFSENS requirements to justify the expected heavy workload.

Observation 3: For FDD bands with relatively narrow duplex spacing where the Tx noise within DL carrier is not spectrally flat, REFSENS would need to be evaluated for UL and DL allocations with duplex distance less than nominal duplex spacing.

Observation 4: The workload for deriving all FDD bands new REFSENS requirements is expected to be quite substantial either based on simulations or Lab characterizations. 

On the other hand, if eRedCap UE REFSENS is specified based on Option 3 approach [5] where both UL and DL allocations are following the 5MHz REFSENS configurations and located at the center of the channel BW as shown in Figure 2-3 for n71, the existing 5MHz REFSENS requirements for 15kHz SCS can be directly applied to eRedCap UE REFSENS for all channel BWs. The REFSENS for 30kHz SCS can also be derived from the 15kHz SCS REFSENS with a fixed scaling offset of 10*log10(12*360kHz/(25*180kHz)) = -0.2 dB. Therefore, for Option 3 approach, there is no need to further evaluate and derive any new REFSENS requirements for eRedCap UE. 

Observation 5: For eRedCap UE REFSENS specified based on Option 3 approach, there is no need to further evaluate and derive any new REFSENS requirements.
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Figure 2-3 Option 3 eRedCap UE REFSENS UL/DL allocations for n71

Table 2-3 summarizes the eRedCap UE REFSENS requirements for all FDD bands derived from Option 3 approach.

Based on the above assessment, we propose eRedCap UE REFSENS to be specified based on Option 3 approach where both UL and DL allocations are following the RedCap UE 5MHz REFSENS configurations and located at the center of the channel BW.

Proposal 1: eRedCap UE REFSENS is specified based on Option 3 approach where both UL and DL allocations are following the RedCap UE 5MHz REFSENS configurations and located at the center of the channel BW.
	Operating Band
	SCS
(kHz)
	DL/UL LCRB1
	Channel Bandwidth (MHz)/RFSENS (dBm)

	
	
	
	5
	10
	15
	20

	n1
	15
	25/25
	-100.0
	-100.0
	-100.0
	-100.0

	
	30
	12/12
	
	-100.2
	-100.2
	-100.2

	n2
	15
	25/25
	-98.0
	-98.0
	-98.0
	-98.0

	
	30
	12/12
	
	-98.2
	-98.2
	-98.2

	n3
	15
	25/25
	-97.0
	-97.0
	-97.0
	-97.0

	
	30
	12/12
	
	-97.2
	-97.2
	-97.2

	n5
	15
	25/25
	-98.0
	-98.0
	-98.0
	-98.0

	
	30
	12/12
	
	-98.2
	-98.2
	-98.2

	n7
	15
	25/25
	-98.0
	-98.0
	-98.0
	-98.0

	
	30
	12/12
	
	-98.2
	-98.2
	-98.2

	n8
	15
	25/25
	-97.0
	-97.0
	-97.0
	-97.0

	
	30
	12/12
	
	-97.2
	-97.2
	-97.2

	n12
	15
	25/20
	-97.0
	-97.0
	-97.0
	

	
	30
	12/10
	
	-97.2
	-97.2
	

	n13
	15
	25/20
	-97.0
	-97.0
	
	

	
	30
	12/10
	
	-97.2
	
	

	n14
	15
	25/20
	-97.0
	-97.0
	
	

	
	30
	12/10
	
	-97.2
	
	

	n18
	15
	25/25
	-100.0
	-100.0
	-100.0
	

	
	30
	12/12
	
	-100.2
	-100.2
	

	n20
	15
	25/25
	-97.0
	-97.0
	-97.0
	-97.0

	
	30
	12/12
	
	-97.2
	-97.2
	-97.2

	n24
	15
	25/25
	-100.0
	-100.0
	
	

	
	30
	12/12
	
	-100.2
	
	

	n25
	15
	25/25
	-96.5
	-96.5
	-96.5
	-96.5

	
	30
	12/12
	
	-96.7
	-96.7
	-96.7

	n26
	15
	25/25
	-97.5
	-97.5
	-97.5
	-97.5

	
	30
	12/12
	
	-97.7
	-97.7
	-97.7

	n28
	15
	25/25
	-98.5
	-98.5
	-98.5
	-98.5

	
	30
	12/12
	
	-98.7
	-98.7
	-98.7

	n30
	15
	25/20
	-99.0
	-99.0
	
	

	
	30
	12/10
	
	-99.2
	
	

	n65
	15
	25/25
	-99.5
	-99.5
	-99.5
	-99.5

	
	30
	12/12
	
	-99.7
	-99.7
	-99.7

	n66
	15
	25/25
	-99.5
	-99.5
	-99.5
	-99.5

	
	30
	12/12
	
	-99.7
	-99.7
	-99.7

	n70
	15
	25/25
	-100.0
	-100.0
	-100.0
	-100.0

	
	30
	12/12
	
	-100.2
	-100.2
	-100.2

	n71
	15
	25/25
	-97.2
	-97.2
	-97.2
	-97.2

	
	30
	12/12
	
	-97.4
	-97.4
	-97.4

	n74
	15
	25/25
	-99.5
	-99.5
	-99.5
	-99.5

	
	30
	12/12
	
	-99.7
	-99.7
	-99.7

	n85
	15
	25/20
	-97.0
	-97.0
	-97.0
	

	
	30
	12/10
	
	-97.2
	-97.2
	

	n91
	15
	25/25
	-100.0
	
	
	

	
	30
	12/12
	
	
	
	

	n92
	15
	25/25
	-100.0
	-100.0
	-100.0
	-100.0

	
	30
	12/12
	
	-100.2
	-100.2
	-100.2

	n93
	15
	25/25
	-100.0
	
	
	

	
	30
	12/12
	
	
	
	

	n94
	15
	25/25
	-100.0
	-100.0
	-100.0
	-100.0

	
	30
	12/12
	
	-100.2
	-100.2
	-100.2

	n105
	15
	25/25
	-97.2
	-97.2
	-97.2
	-97.2

	
	30
	12/12
	
	-97.4
	-97.4
	-97.4

	NOTE 1: DL and UL PRB allocations are at the center of the channel bandwidth



Table 2-3 eRedCap UE REFSENS for FDD bands with 2Rx based on Option 3 approach
 
For Rx requirements other than REFSENS, the main concern with respect to DL allocation would be on the adjacent channel selectivity requirement as the adjacent channel interference sideband noise leaking into DL carrier due to non-linear distortion is expected to be not spectrally flat, as conceptually illustrated in Figure 2-4. The 25RB DL allocation closest to the adjacent channel interferer would be subject to the worst impact from ACI. However, since the ACI power is scaled with the REFSENS of the wanted signal, the test configuration for case (a) below would be similar to the 5MHz ACS requirement irrespective of channel BW. For case (b), though the ACI bandwidth is the same as the wanted signal channel BW, the ACI power spectral density (PSD) is lowered by 10*log10(BWChannel/5MHz) since ACI power is a fixed ratio above the REFSENS of the wanted signal. As a result, the requirement would not be more stringent than the 5MHz ACS requirement. 
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Figure 2-4 Conceptual illustration of eRedCap UE ACS test configurations

Observation 6: eRedCap UE ACS requirement based on the existing ACI power scaling would not be more stringent than 5MHz ACS requirement irrespective of channel BW and DL allocation.

Based on the above assessment, we think there is no need for UL and DL allocation restriction for both TDD bands and FDD bands for eRedCap UE Rx requirements other than REFSENS.

Proposal 2: There is no need for UL and DL allocation restriction for both TDD bands and FDD bands for eRedCap UE Rx requirements other than REFSENS.

3	Conclusion

In this contribution, we use n71 as an example band and provide our preliminary REFSENS analysis by simulations for 10MHz, 15MHz, and 20MHz channel BW based on the Option 2b approach under the virtual worst-case configuration (UL and DL allocations are closet to each other). The outcome has confirmed our expectation that the simulated REFSENS under the virtual worst-case configuration cannot be simply scaled from the existing REFSENS for wider channel BW as the Tx noise inside the DL carrier is not spectrally flat. Based on our assessments for REFSENS and other Rx requirements, we propose to adopt Option 3 approach to specify eRedCap UE REFSENS requirements, and for Rx requirements other than REFSEN, there is no need for UL and DL allocation restriction for both TDD bands and FDD bands.

Observation 1: n71 20MHz Tx noise inside the DL carrier is not spectrally flat.

Observation 2: n71 REFSENS power level derived from simulations under virtual worst-case UL and DL allocations for channel BW wider than 5 MHz are consistently higher than that derived from current REFSENS scaling.

Observation 3: For FDD bands with relatively narrow duplex spacing where the Tx noise within DL carrier is not spectrally flat, REFSENS would need to be evaluated for UL and DL allocations with duplex distance less than nominal duplex spacing.

Observation 4: The workload for deriving all FDD bands new REFSENS requirements is expected to be quite substantial either based on simulations or Lab characterizations. 

Observation 5: For eRedCap UE REFSENS specified based on Option 3 approach, there is no need to further evaluate and derive any new REFSENS requirements.

Proposal 1: eRedCap UE REFSENS is specified based on Option 3 approach where both UL and DL allocations are following the RedCap UE 5MHz REFSENS configurations and located at the center of the channel BW.

Observation 6: eRedCap UE ACS requirement based on the existing ACI power scaling would not be more stringent than 5MHz ACS requirement irrespective of channel BW and DL allocation.

Proposal 2: There is no need for UL and DL allocation restriction for both TDD bands and FDD bands for eRedCap UE Rx requirements other than REFSENS.
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