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1 Introduction
[bookmark: OLE_LINK17][bookmark: OLE_LINK2]There are two types R18 eRedCap defined, one is (20MHz + PR1) and the other one is (BW3/PR3 + PR1), in which the main difference between is the UL/DL RB numbers are restricted in the RF channel bandwidth of up to 20MHz for the latter one although both of them aim to reduce the peak date rate.
There were several agreements in the past WF[1][2][3], where for Tx requirement, it was already agreed to reuse the Rel-17 requirements while for Rx requirements, there are still some open issues.
[bookmark: OLE_LINK4][bookmark: OLE_LINK55][bookmark: OLE_LINK31]In this contribution, we give some discussions on R18 eRedCap Rx requirements.
2	Discussion
[bookmark: OLE_LINK3][bookmark: OLE_LINK66][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK7]Some agreements are extracted from the latest WF[3] as below: 
	Issue 1-2-1: Separate requirement or same requirement  
· Proposals:
· Option 1: Define separate requirements for the two different types of eRedCap devices. (Nokia, CT, Huawei, Xiaomi, Ericsson)
· Option 2: (Vivo) RAN4 further study the Rx requirement impacts before making decision on whether different requirement should be defined for Rel-18 RedCap UEs with different capability.
· Option 3: TBA
· Recommended WF
· Define separate requirement for two types of eRedCap UE.
Agreement: 
· [bookmark: OLE_LINK1]To define separate requirements for two types of eRedCap UE could be considered in RAN4
· Assuming the different types of eRedCap UE has different hardware implementations
Issue 1-2-2: requirement for eRedCap (20MHz + PR1)
· Proposals:
· Option 1: (QC, Xiaomi, Ericsson, Huawei) Apply Rel-17 RedCap RF requirements.
· Option 2: (Vivo) RAN4 further study the Rx requirement impacts before making decision on whether different requirement should be defined for Rel-18 RedCap UEs with different capability.
· Recommended WF
· Optoin 1
Agreement: 
· Apply Rel-17 RedCap RF requirements to eRedCap (20MHz+PR1)
· FFS on FRC issue for maximum input level requirements

· Issue 1-3-1: REFSENS of eRedcap UE ( BW3/PR3 + PR1) for wider channel BW (FDD band) 	Comment by Chunhui Zhang: This is latest update from QC
· There is no scheduling restriction on DL and UL RB position, the scheduling restriction on RB number and position is according to eRedCap type (BW3/PR3 + PR1) 
· The RF performance is the same with legacy RedCap UE when scheduling is the same
· For REFSENS of eRedCap (BW3/PR3 + PR1) FDD band
· Option 1: Investigate if new REFSENS of eRedCap (BW3/PR3 + PR1) is needed: 
· FFS on how study on UE REFSENS performance with below parameters helps to decide whether new REFSENS test point is needed
· The band to be investigated as starting point: n71.
· UL configuration is the same with legacy RedCap test condition 
· [bookmark: OLE_LINK29][bookmark: OLE_LINK11]25 RB is placed at the channel edge with the closest distance to the UL allocation
· Bands that would need to be studied if option 2 is not followed : 
· At least n5, n8, n12, n20, n26, n28, n71, n85, and n105, other bands not excluded
· TBD on study and impact on all concerned bands
· Option 2: Derive the eRedCap REFSENS based on legacy REFSENS with additional modification on test conditions. Options for modification are below
· 2A: Interlace FRC : Distribute the 25 RB within 106 RB grid 
· 2B: 25 contiguous RB placed in middle of channel BW both in UL and DL 
· 2C: UL on edge, DL with nominal duplex distance away
· 2D: other option not excluded

[bookmark: OLE_LINK20]. Issue 1-3-4: REFSENS of eRedcap UE ( BW3/PR3 + PR1) for wider channel BW (TDD band) 
· Proposals:
· Option 1 :
· For TDD bands, the REFSENS requirements currently specified for RedCap UE at 5MHz channel BW can be directly applied to eRedCap UE for all RF channel BWs up to 20MHz, including both 2Rx and 1Rx requirements.
· For TDD bands with minimum channel bandwidth at 10MHz, the REFSENS requirements for eRedCap UE can be scaled by the DL PRB ratio between eRedCap UE and RedCap UE at 10MHz channel bandwidth.
· Option 2: TBA



In terms of the above agreements, it can be seen that separate requirements for two types of eRedCap UE are considered, and Rel-17 RedCap RF requirements are applied to eRedCap (20MHz+PR1).
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK9]For eRedCap (BW3/PR3 + PR1), the main arguments are how to define the REFSEN requirements associated the UL configurations for limited RB in the wider channel BW. For TDD bands for eRedCap, there is no need to consider the issue when Tx noise falls into the Rx range which is main issue for FDD bands, therefore, it is reasonable to adopt the approach by scaling factor by RB number.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Here we use the same formula to calculate the REFSEN in Table 7.3.2-1b in the 38.101-1 spec, where are:
· [bookmark: OLE_LINK8][bookmark: OLE_LINK19]for 15kHz SCS, it is 5MHz RENSEN+ 10log10(NRB/25);
· for 30kHz SCS, it is 10MHz RENSEN+ 10log10(NRB/24).
By modifying the note 8 to complaint to R18 eRedcap (BW3/PR3 + PR1) UE as below:
[bookmark: OLE_LINK22]NOTE 8x: The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in 
REFSENS formula is 25 for 15kHz SCS and 12 for 30kHz SCS.the maximum transmission bandwidth configuration as defined in Table 5.3.2-1.
[bookmark: OLE_LINK16]Therefore, we can get the REFSEN for eRedCap (BW3/PR3 + PR1) 5/10/15/20MHz@15kHz or 30kHz, which are summarized in table 1.
Table 1. REFSEN for TDD eRedCap (BW3/PR3 + PR1) 5/10/15/20MHz@15kHz or 30kHz
	[bookmark: OLE_LINK21]RF bandwidth
	5MHz
	[bookmark: OLE_LINK14]10/15/20MHz

	15kHz
	[bookmark: OLE_LINK18][bookmark: OLE_LINK13]Rel-17 RedCap 5MHz REFSEN
	[bookmark: OLE_LINK15]Rel-17 RedCap 5MHz REFSEN 

	30kHz
	
	Rel-17 RedCap 10MHz REFSEN -3dB


[bookmark: OLE_LINK10]Table 1 applies both 1Rx and 2Rx eRedCap, where the corresponding 1Rx and 2Rx Rel-17 RedCap REFSEN are used, respectively.
It shall be noted that the REFSEN values in table 1 are the same with the values of the option 1in Issue 1-3-4 in the WF. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK32][bookmark: _Ref134525230]Proposa1 1. Use option 1 in WF[3] or same formulas in the spec to derive the eRedCap UE REFSENS for TDD bands:  
· for 15kHz SCS, it is 5MHz RENSEN+ 10log10(NRB/25);
· for 30kHz SCS, it is 10MHz RENSEN+ 10log10(NRB/24).
Where: The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in REFSENS formula is 25 for 15kHz SCS and 12 for 30kHz SCS.
For FDD bands, we the principle of the RB restriction in the UL configurations defined in the Table 7.3.2-3 in the spec should be considered, i.e.
[bookmark: OLE_LINK12]Note 1: UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
To above principle aim to check the most stringent Tx noise impacts on the Rx range. By using the similar principle, the DL 25RB allocation in the >5MHz channel bandwidth should be located as close as possible to the UL RB, i.e. placed at the channel edge with the closest distance to the UL allocation. As discussed in the paper [4][5] for n71, when the DL 25RBs are located in the middle channel bandwidth, it will not reflect the worse case, and also it may restrict the implementation.
[bookmark: OLE_LINK33]Proposa1 2. 25 RB is placed at the channel edge with the closest distance to the UL allocation.
3 Conclusion
In this contribution, we give some discussions on R18 eRedCap Rx requirements, the conclusions are summarized below:
Proposa1 1. Use option 1 in WF[3] or same formulas in the spec to derive the eRedCap UE REFSENS for TDD bands:  
· for 15kHz SCS, it is 5MHz RENSEN+ 10log10(NRB/25);
· for 30kHz SCS, it is 10MHz RENSEN+ 10log10(NRB/24).
Where: The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in REFSENS formula is 25 for 15kHz SCS and 12 for 30kHz SCS.
Proposa1 2. 25 RB is placed at the channel edge with the closest distance to the UL allocation.
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