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Introduction
In the RAN4#108 meeting, a WF [1] on eRedCap UE RF requirements was approved. Most of the issues have been concluded except for the specific FRC values and some special issues raised from Sony.

In this paper, we’d like to discuss these open issues and how to derive the REFSENS for eRedCap BW3/PR3 + PR1 UE.
[bookmark: _Hlk146121760]Discussion on how to derive the REFSENS for eRedCap BW3/PR3 + PR1 UE
In the last RAN4 meeting, we have the following agreements on the REFSENS for eRedCap BW3/PR3 + PR1 UE.
	Agreement:
· 25 contiguous RB placed in middle of channel BW both in UL and DL for both HD-FDD and FDD
· where both UL and DL allocations are following the RedCap UE 5MHz REFSENS configurations and located at the center of the channel BW.
· UL RB size follow the 5MHz UL configuration table
· Add the note or send LS to RAN5 to clarification the applicability for testing.
· The 5MHz requirements are applicable for all the channel bandwidths
· For some bands which has less duplex distance, the additional relaxation factor is not excluded




	Issue 1-2-2: REFSENS of eRedcap UE ( BW3/PR3 + PR1) for wider channel BW (TDD band) 
· Proposals:
· [bookmark: _Hlk143088145]Option 1 : (Ericsson, Apple, Nokia, Xiaomi)
· 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
· Recommended WF
· Option 1 

Agreement:
Agree on Option 1.




Although RAN4 has agreed the principles on how to specify the REFSENS requirements, it’s unclear how to derive it in detail.
Since most of bands support 10MHz channel bandwidth, the minimum channel bandwidth of some bands is 10MHz and 10MHz BW REFSENS requirements for all the FDD bands are not degraded, RAN4 can consider to use 10MHz BW REFSENS requirements as baseline to scale them. There are two methods to specify the REFSENS requirements.
 Method 1: PREFSENS(15kHz, 10MHz) – 3.2 for 15kHz SCS and PREFSENS(30kHz, 10MHz) – 3 for 30kHz SCS
 Method 2: PREFSENS(15kHz, 10MHz) + 10log10(25/52) for 15kHz SCS and PREFSENS(15kHz, 10MHz) + 10log10(24/52) for 30kHz SCS
Proposal 1: It’s proposed to specify the REFSENS requirements for eRedCap BW3/PR3 + PR1 UE with Method 1 as below.
	For [eRedCap BW3/PR3 + PR1 UE], the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A3.2 and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3I.3-1 and channel bandwidths up to 20MHz. The reference sensitivity (REFSENS) requirement specified in Table 7.3I.3-1 shall be met with uplink transmission bandwidth less than or equal to 25RB for 15kHz SCS or 12RB for 30kHz SCE, and the values that specified in Table 7.3.2-3.
Table 7.3I.3-1: Reference sensitivity (REFSENS) level for [eRedCap BW3/PR3 + PR1 UE]
	
	Channel bandwidth (MHz)

	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	15
	[bookmark: _Hlk146130207]PREFSENS(15kHz, 10MHz) – 3.2

	30
	NA
	PREFSENS(30kHz, 10MHz) – 3.0

	NOTE 1:	DL resource blocks shall be configured with 25RB for 15kHz SCS or 12RB for 30kHz SCS. UL and DL resource blocks shalll be configured in the middle of UL and DL channels.
NOTE 2:	For RedCap UE equipped with 2 or 1 Rx antenna port(s), PREFSENS(15kHz, 10MHz) in Table 7.3I.3-1 represents the reference sensitivity level specified in clause 7.3I.2 for 15kHz SCS and 10MHz channel bandwidth respectively.
NOTE 3:	For RedCap UE equipped with 2 or 1 Rx antenna port(s) operating in HD-FDD mode, PREFSENS(15kHz, 10MHz) in Table 7.3I.3-1 represents the reference sensitivity level specified in clause 7.3I.2 for 15kHz SCS and 10MHz channel bandwidth operating in HD-FDD mode respectively.
NOTE 4:	For RedCap UE equipped with 2 or 1 Rx antenna port(s), PREFSENS(30kHz, 10MHz) in Table 7.3I.3-1 represents the reference sensitivity level specified in clause 7.3I.2 for 30kHz SCS and 10MHz channel bandwidth respectively.
NOTE 5:	For RedCap UE equipped with 2 or 1 Rx antenna port(s) operating in HD-FDD mode, PREFSENS(30kHz, 10MHz) in Table 7.3I.3-1 represents the reference sensitivity level specified in clause 7.3I.2 for 30kHz SCS and 10MHz channel bandwidth operating in HD-FDD mode respectively.






Discussion on RedCap UE with SAW-less design in HD-FDD mode
Referring to the contributions [2] [3], new implementations with SAW-less design in HD-FDD mode were proposed. Thus, additional power reduction need to meet the spurious emission requirements for band n13 to protect band n14 Rx and in-band blocking requirements for band n71 should be relaxed. However, it’s unclear whether SAW-less design in HD-FDD mode is in the scope of this R18 RedCap UE WI. If such kind of the assumption is in the scope of this R18 RedCap UE, it’s unclear whether other FDD bands have some issues except for band n13 and n71.
Proposal 2: It’s better to check whether SAW-less design in HD-FDD mode is in the scope of this R18 RedCap UE WI. If yes, it’s proposed to check whether other FDD bands have the similar issues except for band n13 and n71.
Discussion on FRC updates.
Referring to RAN1 LS [4], the following agreements for UE Peak data rate reduction were concluded.
	RAN1 has agreed the following for the Rel-18 eRedCap WI objective on peak data rate reduction, which seems to have specification impacts at least on TS 36.306 clause 4.1.2 (‘Supported max data rate for DL/UL’).
· The UE signals peak data rate related parameters vLayers, Qm and f corresponding to 10 Mbps.
· No new values for the above parameters will be introduced for Rel-18 eRedCap.
· For UE peak data rate reduction with UE BB bandwidth reduction (i.e., FG 48-1),
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2.
· 
25 PRBs for  and 12 PRBs for  for  is always assumed in the UE supported max data rate expression in TS 38.306 for any given band.
· For UE peak data rate reduction without UE BB bandwidth reduction (i.e., FG 48-2),
· When vLayers = 1, the 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 0.75.
· When vLayers = 2, the peak rate target corresponds to a vLayers·Qm·f of 0.8.
· 
106 PRBs for  and 51 PRBs for  for  is always assumed in the UE supported max data rate expression in TS 38.306 for any given band.
· In all cases, the same value for vLayers·Qm·f is used for DL and UL.



Observation 1: the characteristics are listed below for Rel-17 RedCap UE and Rel-18 eRedCap UE (20MHz + PR1 vs BW3/PR3 + PR1).
	
	Rel-17 RedCap UE
	Rel-18 eRedCap UE
(20MHz + PR1)
	Rel-18 eRedCap UE
(BW3/PR3 + PR1)

	Rx number
	1 or 2 Rx
	1 or 2 Rx
	1 or 2 Rx

	UE RF channel BW
	Up to 20MHz
	Up to 20MHz
	Up to 20MHz

	PRB restriction
	No PRB restriction
106 RB for 15kHz
51 RB for 30kHz
	No PRB restriction
106 RB for 15kHz
51 RB for 30kHz
	For 15 kHz SCS, the maximum number of RBs is 25.
For 30 kHz SCS, the maximum number of RBs is 12.

	Peak data rate reduction
	 is no smaller than 4
	 is no smaller than 0.75 for vLayers = 1 and 0.8 for vLayers = 2
	 is no smaller than 3.2

	
	
	Supported max data rate for DL: 10.63Mbps
	Supported max data rate for DL: 10.7Mbps





In addition, RAN1 has concluded the following optional features in RAN1#114 meeting’s minutes.
	Conclusion
· For Rel-18 eRedCap UEs, the following features are still supported as optional features:
· 2 Rx branches with DL MIMO
· DL 256QAM



Proposal 3: The FRC for 256QAM should be updated and discuss whether to change the RB size or to change MCS for 256QAM FRC.
Summary
Method 1: PREFSENS(15kHz, 10MHz) – 3.2 for 15kHz SCS and PREFSENS(30kHz, 10MHz) – 3 for 30kHz SCS
 Method 2: PREFSENS(15kHz, 10MHz) + 10log10(25/52) for 15kHz SCS and PREFSENS(15kHz, 10MHz) + 10log10(24/52) for 30kHz SCS
Proposal 1: It’s proposed to specify the REFSENS requirements for eRedCap BW3/PR3 + PR1 UE with Method 1 as below.
	For [eRedCap BW3/PR3 + PR1 UE], the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A3.2 and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3I.3-1 and channel bandwidths up to 20MHz. The reference sensitivity (REFSENS) requirement specified in Table 7.3I.3-1 shall be met with uplink transmission bandwidth less than or equal to 25RB for 15kHz SCS or 12RB for 30kHz SCE, and the values that specified in Table 7.3.2-3.
Table 7.3I.3-1: Reference sensitivity (REFSENS) level for [eRedCap BW3/PR3 + PR1 UE]
	
	Channel bandwidth (MHz)

	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	15
	PREFSENS(15kHz, 10MHz) – 3.2

	30
	NA
	PREFSENS(30kHz, 10MHz) – 3.0

	NOTE 1:	DL resource blocks shall be configured with 25RB for 15kHz SCS or 12RB for 30kHz SCS. UL and DL resource blocks shalll be configured in the middle of UL and DL channels.
NOTE 2:	For RedCap UE equipped with 2 or 1 Rx antenna port(s), PREFSENS(15kHz, 10MHz) in Table 7.3I.3-1 represents the reference sensitivity level specified in clause 7.3I.2 for 15kHz SCS and 10MHz channel bandwidth respectively.
NOTE 3:	For RedCap UE equipped with 2 or 1 Rx antenna port(s) operating in HD-FDD mode, PREFSENS(15kHz, 10MHz) in Table 7.3I.3-1 represents the reference sensitivity level specified in clause 7.3I.2 for 15kHz SCS and 10MHz channel bandwidth operating in HD-FDD mode respectively.
NOTE 4:	For RedCap UE equipped with 2 or 1 Rx antenna port(s), PREFSENS(30kHz, 10MHz) in Table 7.3I.3-1 represents the reference sensitivity level specified in clause 7.3I.2 for 30kHz SCS and 10MHz channel bandwidth respectively.
NOTE 5:	For RedCap UE equipped with 2 or 1 Rx antenna port(s) operating in HD-FDD mode, PREFSENS(30kHz, 10MHz) in Table 7.3I.3-1 represents the reference sensitivity level specified in clause 7.3I.2 for 30kHz SCS and 10MHz channel bandwidth operating in HD-FDD mode respectively.






Proposal 2: It’s better to check whether SAW-less design in HD-FDD mode is in the scope of this R18 RedCap UE WI. If yes, it’s proposed to check whether other FDD bands have the similar issues except for band n13 and n71.
Observation 1: the characteristics are listed below for Rel-17 RedCap UE and Rel-18 eRedCap UE (20MHz + PR1 vs BW3/PR3 + PR1).
	
	Rel-17 RedCap UE
	Rel-18 eRedCap UE
(20MHz + PR1)
	Rel-18 eRedCap UE
(BW3/PR3 + PR1)

	Rx number
	1 or 2 Rx
	1 or 2 Rx
	1 or 2 Rx

	UE RF channel BW
	Up to 20MHz
	Up to 20MHz
	Up to 20MHz

	PRB restriction
	No PRB restriction
106 RB for 15kHz
51 RB for 30kHz
	No PRB restriction
106 RB for 15kHz
51 RB for 30kHz
	For 15 kHz SCS, the maximum number of RBs is 25.
For 30 kHz SCS, the maximum number of RBs is 12.

	Peak data rate reduction
	 is no smaller than 4
	 is no smaller than 0.75 for vLayers = 1 and 0.8 for vLayers = 2
	 is no smaller than 3.2

	
	
	Supported max data rate for DL: 10.63Mbps
	Supported max data rate for DL: 10.7Mbps



Proposal 3: The FRC for 256QAM should be updated and discuss whether to change the RB size or to change MCS for 256QAM FRC.
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