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Introduction
In the RAN4#106bis meeting, three remaining issues are listed below to be further discussed referring to WF [1].

Firstly, two kinds of Rel-18 eRedCap UE (20MHz + PR1 vs BW3/PR3 + PR1) are designed based on RAN plenary’s agreement [2]. RAN4 may need to discuss how to treat them.

Secondly, for PR3 eRedCap UE, it’s discussed whether PRB location should be restricted for REFSENS or blocking requirements.

Thirdly, for DL FRC, some updates are needed due to DL PRB limitation and peak rate limitation.

In the RAN4#107 meeting, RAN4 made some progress for these three remaining issues below referring to WF [3].

Issue one:
	Agreement: 
· 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

Agreement: 
· Apply Rel-17 RedCap RF requirements to eRedCap (20MHz+PR1)
· FFS on FRC issue for maximum input level requirements





Issue two: 
	RAN4 has the following WF.

· Issue 1-3-1: REFSENS of eRedcap UE ( BW3/PR3 + PR1) for wider channel BW (FDD band) 
· 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 
· 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




Issue three: FRC related issue.

	Agreement:
· Wait RAN1/RAN-P to further clarify the peak data rate, delay any discussion around FRC relating to the peak data reduction.





In this paper, we’d like to share our views about these issues.
Discussion on PRB location for REFSENS
In previous meetings, companies proposed that not only the REFSENS for Rel-18 PR3 eRedCap UE should be scaled, but also PRB location should be restricted in the middle of the channel for some FDD bands. For the scaling factor for 10MHz, 15MHz and 20MHz, the following values can be considered based on the contribution [4].
Table 1 Scaling factor for 10MHz, 15MHz, 20MHz RF bandwidths
	
	Scaling factor

	RF bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	15kHz
	-10log25/25=0
	-10log52/25=-3.2
	-10log79/25=-5
	-10log106/25=-6.3

	30KHz
	
	-10log24/12=-3
	-10log38/12=-5
	-10log51/12=-6.3



Since the concerns from companies are only for FDD bands, we’d like to check the current REFSENS requirements for FDD bands. The highlighted REFSENS may have some degradation due to the interference from Tx signal and smaller duplex frequency gap. Generally, RAN4 use the following equation to derive the REFSENS requirements considering the noise figure and others which were captured in the implementation margin.
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
For the thermal noise, the same/flat PSD interference is assumed spanning the whole channel.
Observation 1: for the REFSENS without any degradation from Tx signal, the same/flat PSD thermal noise/interference is assumed as spanning the whole channel.
Based on the WF [3], companies were encouraged to investigate and measure the REFSENS for some FDD bands with narrow duplex distance. For our measurements, band n8 and n3 were selected to compare with each other. Thus, we’d like to show the REFSENS measurements results.
In Fig. 1, the PA output signals for band n8 were shown. Indeed, the PA leakage interference (-123.3dBm/Hz) at the frequency point closer to UL band of n8 is much larger than (-127.3dBm/Hz) the frequency point far away to UL band of n8. 4dB difference can be observed.
[image: ]
Figure 1 PA leakage interference at PA output port for band n8
Observation 2: the PA leakage interference at the frequency point closer to UL band of n8 is much larger than the frequency point far away to UL band of n8.
However, if we checked the performance of band n8 duplexer as shown in Fig. 2, it’s observed that the attenuation of band n8 duplexer is not always a certain value. For this special case, the attenuation (59dB) at 955MHz is much lower than the attenuation (63dB) at 935MHz. The attenuation within the whole DL band of n8 is not flat.
[image: ]
Figure 2 the isolation performance for band n8 duplexer
Some random fluctuations can be observed for the performance of n8 duplexer. The difference of attenuation in n8 duplexer is about 10 to 15dB.
Observation 3: Some random fluctuations can be observed for the performance of FDD duplexer. The difference of attenuation in FDD duplexer is about 10 to 15dB, which is much higher than the difference of PA leakage.
The desense of band n8 can be observed due to the PA leakage in Table. 2. However, it doesn’t show that DL RB location will have a big impact on the REFSENS due to the random fluctuations of duplexer performance.
Table 2 Measurement results of band n8
	Band
	Freq
	BW
	DL RB
	DL RB start
	UL RB
	UL RB start
	UL POWER
	RSRP
	RSSI
	TX noise
	Isolation
	TX noise in RX
	Desnese

	
	
	
	
	
	
	
	
	
	
	/10kHz
	/Hz
	
	
	

	8
	945&900
	20
	100
	0
	25
	75
	MAX
	-128.2
	-97.40818754
	
	
	
	
	

	
	
	
	100
	0
	25
	75
	MIN
	-128.4
	-97.60818754
	
	
	
	
	

	
	
	
	25
	0
	25
	75
	MAX
	-128.2
	-103.4287875
	-83.3
	-123.3
	63
	-186.3
	0.15
(Bottom)

	
	
	
	25
	0
	25
	75
	MIN
	-128.4
	-103.6287875
	
	
	
	
	

	
	
	
	25
	38
	25
	75
	MAX
	-128
	-103.2287875
	-85.9
	-125.9
	63
	-188.9
	0.09
(Mid)

	
	
	
	25
	38
	25
	75
	MIN
	-128.2
	-103.4287875
	
	
	
	
	

	
	
	
	25
	75
	25
	75
	MAX
	-128.2
	-103.4287875
	-87.3
	-127.3
	60
	-187.3
	0.12
(Top)

	
	
	
	25
	75
	25
	75
	MIN
	-128.4
	-103.6287875
	
	
	
	
	



The similar situation can be found in the measurement results of band n3. Although one dB difference for PA leakage can be observed between the bottom frequency point and top frequency point. However, the more sensitivity degradation can be observed at the mid frequency point due to the worse performance of duplexer at mid frequency point.
Table 3 Measurement results of band n3
	Band
	Freq
	BW
	DL RB
	DL RB start
	UL RB
	UL RB start
	UL POWER
	RSRP
	RSSI
	TX noise
	Isolation
	TX noise in RX Port
	Desnese

	
	
	
	
	
	
	
	
	
	
	/10kHz
	/Hz
	
	
	

	3
	1865&1770
	20
	100
	0
	50
	50
	MAX
	-127.2
	-96.40818754
	
	
	
	
	

	
	
	
	100
	0
	50
	50
	MIN
	-127.7
	-96.90818754
	
	
	
	
	

	
	
	
	25
	0
	25
	75
	MAX
	-127
	-102.2287875
	-85.8
	-125.8
	58
	-183.8
	0.27
(bottom)

	
	
	
	25
	0
	25
	75
	MIN
	-127.6
	-102.8287875
	
	
	
	
	

	
	
	
	25
	38
	25
	75
	MAX
	-126.9
	-102.1287875
	-86
	-126
	57
	-183
	0.33
(Mid)

	
	
	
	25
	38
	25
	75
	MIN
	-127.4
	-102.6287875
	
	
	
	
	

	
	
	
	25
	75
	25
	75
	MAX
	-126.8
	-102.0287875
	-86.7
	-126.7
	58
	-184.7
	0.23
(Top)

	
	
	
	25
	75
	25
	75
	MIN
	-127.3
	-102.5287875
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Figure 3 0.8dB difference for PA leakage in band n3
[image: ]
Figure 4 the isolation performance for band n3 duplexer
Observation 4: The worst case for band n3 is at mid frequency point due to the worse duplexer performance at this point. Since the duplexer performance is not flat within the whole DL frequency range and big random fluctuation can be observed, the main factor which dominate the sensitivity degradation is the random fluctuation of duplexer performance.
Observation 5: Due to the big random fluctuation of duplexer performance within the whole DL frequency range, it’s meaningless to restrict the DL PRB location for REFSENS.

Proposal 1: Referring to our measurement results, the following scaling factors are proposed to derive the REFSENS for Rel-18 (BW3/PR3+PR1) eRedCap UE. 
	
	Scaling factor

	RF bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	15kHz
	-10log25/25=0
	-10log52/25=-3.2
	-10log79/25=-5
	-10log106/25=-6.3

	30KHz
	
	-10log24/12=-3
	-10log38/12=-5
	-10log51/12=-6.3


Proposal 2: For DL PRB location, either one of the following options are fine to make progress.
Option 1: 25 RB is placed at the channel edge with the closest distance to the UL allocation.
Option 2: 25 RB is placed at the middle of DL channel.
Option 3: 25 RB can be placed at any position randomly.
Option 4: No need to mention the DL PRB location and just leave it to RAN5.
Discussion on FRC updates.
In the latest RAN1/RAN plenary meeting, the following agreements for UE Peak data rate reduction were concluded.
	Agreement
· For UE peak data rate reduction with UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f  of 3.2
· For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f  of 0.75
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
· Note: This does not imply that downlink MIMO and 256 QAM are not supported




Observation 6: 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
	 is no smaller than 3.2

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



Observation 7: As 256QAM is not precluded, FFS whether to update the FRC for 256QAM.
FRC for 64QAM
For 64QAM, since peak data rate may exceed the 10Mbps, the MCS index can be updated to meet this requirements. Referring to TS 38.214, RAN1 has the following MCS index table. MCS index 22 can be used to meet the peak data rate.
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\F95DE22C-037B-406A-B4C5-981532C69144.png]
Table A.3.2.3-1 Fixed reference channel for maximum input level receiver requirements (SCS 15 kHz, FDD, 64QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	5, 10, 15, 20
(NOTE 5)

	Subcarrier spacing
	kHz
	15

	
Subcarrier spacing configuration 
	
	0

	Allocated resource blocks
	
	25

	Subcarriers per resource block
	
	12

	Allocated slots per Frame
	
	8

	MCS Index
	
	2422

	MCS Table for TBS determination
	
	64QAM

	Modulation
	
	64 QAM

	Target Coding Rate
	
	3/40.6504

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Slot
	
	

	  For Slots 0,1
	Bits
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	1229610504

	Transport block CRC
	Bits
	24

	LDPC base graph
	
	1

	Number of Code Blocks per Slot
	
	

	  For Slot 0,1
	CBs
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	CBs
	2

	Binary Channel Bits per Slot
	
	

	  For Slot 0,1
	Bits
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	16200

	Max. Throughput averaged over 1 frame
	Mbps
	9.8378.4032

	NOTE 1:	Additional parameters are specified in Table A.3.1-1 and Table A.3.2.1-1.
NOTE 2:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 3:	SS/PBCH block is transmitted in slot 0 of each frame
NOTE 4:	Slot i is slot index per frame
NOTE 5:	The FRC in this column is only used for [eRedCap UE] introduced in Rel-18.



Table A.3.2.3-2 Fixed reference channel for maximum input level receiver requirements (SCS 30 kHz, FDD, 64QAM)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10, 15, 20
(NOTE 5)

	Subcarrier spacing
	kHz
	30

	
Subcarrier spacing configuration 
	
	1

	Allocated resource blocks
	
	1112

	Subcarriers per resource block
	
	12

	Allocated slots per Frame
	
	17

	MCS Index
	
	22

	MCS Table for TBS determination
	
	64QAM

	Modulation
	
	64 QAM

	Target Coding Rate
	
	0.6504

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Slot
	
	

	  For Slots 0,1
	Bits
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	4992

	Transport block CRC
	Bits
	24

	LDPC base graph
	
	1

	Number of Code Blocks per Slot
	
	

	  For Slot 0,1
	CBs
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	CBs
	1

	Binary Channel Bits per Slot
	
	

	  For Slot 0,1
	Bits
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	7776

	Max. Throughput averaged over 1 frame
	Mbps
	8.486

	NOTE 1:	Additional parameters are specified in Table A.3.1-1 and Table A.3.2.1-1.
NOTE 2:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 3:	SS/PBCH block is transmitted in slot 0 of each frame
NOTE 4:	Slot i is slot index per frame
NOTE 5:	The FRC in this column is only used for [eRedCap UE] introduced in Rel-18.



Proposal 3: For Rel18 eRedCap UE, MCS index 22 in 64QAM table can be used for maximum input level.
FRC for QPSK
Since 12 RB is used for 30kHz SCS, so new FRC for 30kHz QPSK 10/15/20MHz should be added.
Table A.3.2.2-2 Fixed reference channel for receiver requirements (SCS 30 kHz, FDD, QPSK 1/3)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10, 15, 20
(NOTE 5)

	Subcarrier spacing
	kHz
	30

	
Subcarrier spacing configuration 
	
	1

	Allocated resource blocks
	
	12

	Subcarriers per resource block
	
	12

	Allocated slots per Frame
	
	17

	MCS Index
	
	4

	MCS Table for TBS determination
	
	64QAM

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Slot
	
	

	  For Slots 0,1
	Bits
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	808

	Transport block CRC
	Bits
	16

	LDPC base graph
	
	2

	Number of Code Blocks per Slot
	
	

	  For Slot 0,1
	CBs
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	CBs
	1

	Binary Channel Bits per Slot
	
	

	  For Slot 0,1
	Bits
	N/A

	  For Slots 2,3,4,5,6,7,8,9
	Bits
	2592

	Max. Throughput averaged over 1 frame
	Mbps
	1.374

	NOTE 1:	Additional parameters are specified in Table A.3.1-1 and Table A.3.2.1-1.
NOTE 2:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 3:	SS/PBCH block is transmitted in slot 0 of each frame
NOTE 4:	Slot i is slot index per frame
NOTE 5:	The FRC in this column is only used for [eRedCap BW3/PR3+PR1 UE] introduced in Rel-18.



Proposal 4: New DL FRC (25RB, 15 kHz SCS) for 10, 15, 20MHz and (12RB, 30 kHz SCS) for 10, 15, 20MHz can be introduced in A3.2.2, A3.2.3 and A3.2.4 for FDD and in A3.3.2, A3.3.3 and A3.3.4 for TDD to support Rx requirements test for Rel18 eRedCap BW3/PR3 + PR1 UE.
Summary
Observation 1: for the REFSENS without any degradation from Tx signal, the same/flat PSD thermal noise/interference is assumed as spanning the whole channel.
Observation 2: the PA leakage interference at the frequency point closer to UL band of n8 is much larger than the frequency point far away to UL band of n8.
Observation 3: Some random fluctuations can be observed for the performance of FDD duplexer. The difference of attenuation in FDD duplexer is about 10 to 15dB, which is much higher than the difference of PA leakage.
Observation 4: The worst case for band n3 is at mid frequency point due to the worse duplexer performance at this point. Since the duplexer performance is not flat within the whole DL frequency range and big random fluctuation can be observed, the main factor which dominate the sensitivity degradation is the random fluctuation of duplexer performance.
Observation 5: Due to the big random fluctuation of duplexer performance within the whole DL frequency range, it’s meaningless to restrict the DL PRB location for REFSENS.

Proposal 1: Referring to our measurement results, the following scaling factors are proposed to derive the REFSENS for Rel-18 (BW3/PR3+PR1) eRedCap UE. 
	
	Scaling factor

	RF bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	15kHz
	-10log25/25=0
	-10log52/25=-3.2
	-10log79/25=-5
	-10log106/25=-6.3

	30KHz
	
	-10log24/12=-3
	-10log38/12=-5
	-10log51/12=-6.3


Proposal 2: For DL PRB location, either one of the following options are fine to make progress.
Option 1: 25 RB is placed at the channel edge with the closest distance to the UL allocation.
Option 2: 25 RB is placed at the middle of DL channel.
Option 3: 25 RB can be placed at any position randomly.
Option 4: No need to mention the DL PRB location and just leave it to RAN5.

Observation 6: 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
	 is no smaller than 3.2

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




Observation 7: As 256QAM is not precluded, FFS whether to update the FRC for 256QAM.
Proposal 3: For Rel18 eRedCap UE, MCS index 22 in 64QAM table can be used for maximum input level.
Proposal 4: New DL FRC (25RB, 15 kHz SCS) for 10, 15, 20MHz and (12RB, 30 kHz SCS) for 10, 15, 20MHz can be introduced in A3.2.2, A3.2.3 and A3.2.4 for FDD and in A3.3.2, A3.3.3 and A3.3.4 for TDD to support Rx requirements test for Rel18 eRedCap BW3/PR3 + PR1 UE.
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