3GPP TSG-RAN WG4 Meeting # 108bis                                                          R4-2317236
Xiamen, China, October 09 – October 13, 2023

Agenda item:			4.30.2
Source:	Moderator (CATT)
Title:	Topic summary for [108bis][112] NR_700800900_combo_enh
Document for:	Information
Introduction
This contribution is the summary for the contributions on WI NR_700800900_combo_enh in AI 4.30.
Topic #1: CA_n26(2A)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315203
	Skyworks Solutions Inc.
	Proposal: If specified, to reduce the amount of work, UL CA_n26(2A) MSD should only be targeted for the worst-case frequency separation and a unique PA configuration (single test point and MSD values per CC).

Proposal: Only an architecture based on two PA and two duplexers if any is specified.

Proposal: 
· PCC and SCC MSDs, if specified, are based on 2CC UL IMD3 and IMD5 interference respectively using 2PA architecture
· CA_n26(2A) coexistence with neighboring bands should be verified:
· The applicable coexistence level in Band n28 should be discussed and, the means (A-MPR, RB restrictions…) to achieve this level should be specified.
· Applicability to Band n28 DL of the specified protection level shown in Table 6.5.3.2-1 for n26 is provided for the following ranges:
· -50dBm/MHz in 703-799MHz
· -40dBm/MHz in 799-803MHz
· Note that this range seems to correspond to Band 44 and not Band n28 DL, but is overlapping
· Note that this seems to assume a maximum n26 UL CBW of 15MHz, while it is actually 20MHz and the 799MHz boundary may need revisited to 794MHz for single CC.

Proposal: CA_n26(2A) is not specified in a country/operator specific manner and all applicable NS (NS_12/13/14/15) requirements should be verified. Additionally, related A-MPR shall be specified, regardless of whether or not this combination is intended for deployment in the US.
Proposal: DL CA_n26(2A) overall performance is compared for ULCA CA_n26(2A) versus with n26A single UL case, prior to introducing this in the specification (which would include additional hardware in the UE):
· Coexistence with neighboring band
· Worst case MSD in PCC and SCC channels
· Substantial MPR and A-MPR for many RB allocations
· Similarly, non-contiguous ULCA support requests in FDD bands should be carefully reviewed by proponents before introduction in a WI and by RAN4 before introduction in the specification.

	R4-2315389
	Apple
	Observation 1: UL/DL CA_n26(2A) has 2UL IMD3 and IMD5 direct hit to DL PCC and SCC or vice versa when the carrier spacing is half of the duplex distance at 22.5 MHz.

Observation 2: The UL CA_n26(2A) Tx noise into DL range is not only contributed by the 2UL intermodulation products but also the nonlinear self-distortion (ACLR) from each UL carrier respectively.

Observation 3: Among all the RF impairments contributing to MSD, Tx noise generated from PA nonlinearity dominates.

Observation 4: In the case of 2Tx implementation with one Tx for each UL carrier, the MSD would be dominated by the PA reversed IMD.

Observation 5: For UL/DL CA_n26(2A), the MSD caused by IMD3 is quite substantial which may render the combination not being so useful.

Observation 6: The 2Tx architecture for UL CA_n26(2A) does not benefit much to MSD due to IMD3, though it helps improve MSD due to IMD5.

Proposal 1: RAN4 to reconsider whether there is sufficient technical justification to support UL CA_n26(2A) as the DL carriers are susceptible to relatively high MSD.

Proposal 2: If RAN4 would proceed to specify UL/DL CA_n26(2A), take the MSD values in the table below into consideration.

	CA Combination
	UE Architecture
	PCC MSD (IMD3)
	SCC MSD (IMD5)

	UL/DL CA_n26(2A)
	1Tx
	47.5 dB
	30.5 dB

	
	2Tx
	46.5 dB
	11.8 dB




	R4-2316206
	Huawei, HiSilicon
	Observation 1: both dual PA architecture and single PA architecture can support UL CA_n26(2A).
Proposal 1: Current MPR requirements are applicable to UL CA_n26(2A).
Proposal 2: NS_12/ NS_13/ NS_14/ NS_15 are not applicable to UL CA_n26(2A) as interest scenarios are different from original n26 single carrier scenarios in NA.
Proposal 3: NS_100 is not applicable to UL CA_n26(2A) in Rel-18.
Proposal 4: the following test configurations can be used for UL CA_n26(2A) MSD evolution.
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	ΔRIBNC (dB)
	Duplex mode

	CA_n26(2A)
	15/15
	10MHz + 10MHz
	Wgap = 10.0
	TBD
	TBD
	TBD
	FDD

	CA_n26(2A)
	15/15
	10MHz + 15MHz
	Wgap = 5.0
	TBD
	TBD
	TBD
	FDD




	R4-2316269
	Qualcomm France
	Proposal 1: Use the following test points:
	CA configuration
	PCC/SCC Bandwidth
(MHz)
	PCC UL Fc (MHz)
	SCC UL Fc (MHz)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC DL Fc (MHz)
	SCC DL Fc (MHz)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Duplex mode

	CA_n26(2A)
	5/5
	816.5 
	839
	25 (RBSTART = 0)
	25 (RBSTART = 0)
	861.5 
	884
	TBD
	TBD
	FDD

	
	
	
	
	
	
	
	
	
	
	

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.2-1.
NOTE 2:	The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 3:	The transmitted power over both PCC and SCC shall be set to PUMAX as defined in subclause 6.2A.4.
NOTE 4:	The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.3.2-1.




Proposal 2: Specify UL CA_n26(2) using one PA



Open issues summary
Issue 1-1:  Baseline RF architecture
· Proposals
· Option 1: An unique PA configuration
· An architecture based on two PA and two duplexers (Skyworks)
· One PA (Qualcomm)
· Option 2: both dual PA architecture and single PA architecture (Huawei, Apple)
· Recommended WF
· Discuss in the meeting

Issue 1-2:  Current MPR applicability for UL CA_n26(2A)
· Proposals
· Option 1: applicable (Huawei)
· Recommended WF
· Discuss in the meeting

Issue 1-3:  NS_12/ 13/ 14/ 15, NS_100 applicability for UL CA_n26(2A)
· Proposals
· Option 1: Applicable for NS_12/ 13/ 14/ 15 (Skyworks)
· Option 2: None of them is applicable (Huawei)

· Recommended WF
· Discuss in the meeting

Issue 1-4: Coexistence requirements with neighboring bands
· Proposal in R4-2315203 (Skyworks)
· The applicable coexistence level in Band n28 should be discussed and, the means (A-MPR, RB restrictions…) to achieve this level should be specified.
· Applicability to Band n28 DL of the specified protection level shown in Table 6.5.3.2-1 for n26 is provided for the following ranges:
· -50dBm/MHz in 703-799MHz
· -40dBm/MHz in 799-803MHz
· Note that this range seems to correspond to Band 44 and not Band n28 DL, but is overlapping
· Note that this seems to assume a maximum n26 UL CBW of 15MHz, while it is actually 20MHz and the 799MHz boundary may need revisited to 794MHz for single CC.
· Recommended WF
· Discuss in the meeting

Issue 1-5:  MSD test points and value
· Proposals
· Proposal from Apple
	CA Combination
	UE Architecture
	PCC MSD (IMD3)
	SCC MSD (IMD5)

	UL/DL CA_n26(2A)
	1Tx
	47.5 dB
	30.5 dB

	
	2Tx
	46.5 dB
	11.8 dB



· Proposal from Huawei
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	ΔRIBNC (dB)
	Duplex mode

	CA_n26(2A)
	15/15
	10MHz + 10MHz
	Wgap = 10.0
	TBD
	TBD
	TBD
	FDD

	CA_n26(2A)
	15/15
	10MHz + 15MHz
	Wgap = 5.0
	TBD
	TBD
	TBD
	FDD



· Proposal from QC
	CA configuration
	PCC/SCC Bandwidth
(MHz)
	PCC UL Fc (MHz)
	SCC UL Fc (MHz)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC DL Fc (MHz)
	SCC DL Fc (MHz)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Duplex mode

	CA_n26(2A)
	5/5
	816.5 
	839
	25 (RBSTART = 0)
	25 (RBSTART = 0)
	861.5 
	884
	TBD
	TBD
	FDD

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.2-1.
NOTE 2:	The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 3:	The transmitted power over both PCC and SCC shall be set to PUMAX as defined in subclause 6.2A.4.
NOTE 4:	The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.3.2-1.



· Recommended WF
· Discuss in the meeting

Issue 1-6:  The plan of CA_n26(2A) in next RAN4 meeting
· Option 1: Continue the technical discussion
· Option 2: Stop the discussion and move it to R19
· RAN4 to reconsider whether there is sufficient technical justification to support UL CA_n26(2A) as the DL carriers are susceptible to relatively high MSD. (Apple)
· Option 3: Others  (?）
· Recommended WF
· Discuss in the meeting

Topic #2: CA_n5-n8
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315822
	vivo
	Proposal 1：Adopt Option 1(Only support 1UL/2DL CA. Single UL in n5) for CA_n5-n8 in RAN4 according to updated WID.
Proposal 2: At least all the output of study about 2UL/2DL CA for CA_n5-n8 can be captured in the TR 38.872 for future reference.

	R4-2316207
	Huawei, HiSilicon
	Draft CR for 38.101-1 to introduce CA_n5-n8

	R4-2316339
	ZTE Corporation
	Draft CR to TS38.101-1[R18] to add CA_n5-n8



Open issues summary
Background: 2U/2D for CA_n5-n8 is removed in the lastet WID according to the agreements in RAN#101.
Sub-topic 1-1
Issue 2-1: How to handle the outputs for 2U/2D CA_n5-n8 in this WI 
· Proposals
· Proposal in R4-2315822: At least all the output of study about 2UL/2DL CA for CA_n5-n8 can be captured in the TR 38.872 for future reference.
· Recommended WF
· Discuss in the meeting
Moderator: The procedure guidance from Chairman may be needed.
Sub-topic 1-2: CR draft
Issue 2-2: How to add the UL restriction in 38.101 spec
· Proposals
· Option 1: Proposal in R4-2316207 (Huawei)
· Table 5.5A.3.1-1d: NR CA configurations and bandwidth combinations sets defined for inter-band CA (two bands)
	NR CA configuration
	Uplink CA configuration or single uplink carrier10
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n5A-n8A13
	-
	n5
	5, 10
	0

	
	
	n8
	5, 10
	


NOTE 13: Unless otherwise stated, current RF requirements are only applicable to DL CA_n5-n8 with UL in band n5.

· Option 2: Proposal in R4-2316339 (ZTE)
· Table 5.2A.2.1-1: Inter-band CA operating bands involving FR1 (two bands)
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed (Note 8)

	[bookmark: OLE_LINK12]CA_n5-n8x
	n5, n8
	


[bookmark: OLE_LINK1][bookmark: OLE_LINK8][bookmark: OLE_LINK7]NOTE x: Uplink is only in n5 for CA_n5-n8.
Table 5.5A.3.1-1d: NR CA configurations and bandwidth combinations sets defined for inter-band CA (two bands)
	NR CA configuration
	Uplink CA configuration or single uplink carrier10
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	
	
	n7
	CA_n7B_BCS0
	

	CA_n5A-n8Ax
	-
	n5
	5, 10
	0

	
	
	n8
	5, 10
	


NOTE x: Uplink is only in n5 for CA_n5-n8. 

· Recommended WF
·  Discuss in the meeting where the note should be put, and the wording of the note.
· Align with RAN4 general rules for CA if there’s any.

Topic #3: CA_n5-n105 and CA_n5-n28-n105
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2316209
	Huawei, HiSilicon, Spark NZ
	Draft CR for 38.101-1 to introduce CA_n5-n105

	R4-2316211
	Huawei, HiSilicon, Spark NZ
	Proposal 1: Comparing to the Tib and Rib of CA_n5-n28 and CA_n28-n105, the following Delta Tib and Rib values for CA_n5-n28-n105 can be considered.
Table 7 ΔTIB,c and ΔRIB,c for CA_n5-n28-n105
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A-n105A
	n5
	0.7
	0.2

	
	n28
	1.0
	0.7

	
	n105
	1.0
	0.7



Observation 1: there is no IMD interference which fall into Rx frequencies of third DL band n28 when CA_n5-n105 is the UL configuration.
Observation 2: 3rd order IMD may also fall into mobile receive frequencies of third DL band n105 when CA_n5-n28 is the UL configuration.

Proposal 2: It’s proposed to capture band n105 MSD due to IMD3 of Tx band n5 + band n28 as below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n28-n105
	n5
	845
	5
	25
	890
	N/A
	FDD
	N/A

	
	n28
	740
	5
	25
	795
	N/A
	FDD
	N/A

	
	n105
	686
	5
	25
	635
	22.9
	FDD
	IMD3



[bookmark: _GoBack]Observation 3: Generally, there are some network deployment methods to avoid the IMD product hitting the DL carrier directly. For example, if the UL carrier in band n28 is configured in 703~718MHz, no matter which UL frequency carrier in band n5 is configured, the IMD3 products will not hit the DL carrier in band n105 directly. If the UL carrier in band n28 is configured above 718MHz, the REFSENS degradation in band n105 can be observed due to the IMD product. The RFSENS degradation will be quantified during the specification phase.




Open issues summary
Issue 3-1: Draft CR for 38.101-1 to introduce CA_n5-n105
· Proposal: R4-2316209
· Recommended WF
·  Collect comments for the draft CR

Issue 3-2: Tib/Rib and MDS for CA_n5-n28-n105
· Proposal in R4-2316211 (Huawei)
· Table 7 ΔTIB,c and ΔRIB,c for CA_n5-n28-n105
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A-n105A
	n5
	0.7
	0.2

	
	n28
	1.0
	0.7

	
	n105
	1.0
	0.7




	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n28-n105
	n5
	845
	5
	25
	890
	N/A
	FDD
	N/A

	
	n28
	740
	5
	25
	795
	N/A
	FDD
	N/A

	
	n105
	686
	5
	25
	635
	22.9
	FDD
	IMD3



· Recommended WF
·  Discuss in the meeting

Topic #4: CA_n28-n105
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315821
	vivo
	Draft CR for TS 38.101-1 on introduction of CA_n28-n105

	R4-2316210
	Huawei, HiSilicon, Spark NZ
	Draft CR for 38.101-1 to introduce CA_n28-n105


Open issues summary
Issue 4-1: Draft CR for CA_n28-n105
· Proposals
· Proposal in R4-2315821 (vivo)
· Proposal in R4-2316210 (Huawei)
· Recommended WF
·  Collect comments for the draft CR

Topic #5: CA_n26-n28
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315892
	Skyworks Solutions Inc.
	Draft CR to TS38.101-1R18 to add CA_n26-n28 and CA_n5-n28

	R4-2315919
	Skyworks Solutions Inc.
	Proposal: To account for the band n26 20MHz channel, the two ranges of the protection levels corresponding to band n28 and LTE band 44 are updated to:
· -50dBm/MHz in 703-794MHz
· -40dBm/MHz in 794-803MHz
· This corresponds to changes highlighted in yellow in bellow table and are implemented in [7]
· Alternatively, the range can be made dependent on the UL CBW but that may add complexity for little benefit.
· This modification is also applied to the CA cases including n26.
Table 4: Updated co-existence requirements for band n26 and band n28
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n26
	E-UTRA Band 1, 2, 3, 4, 5, 11, 12, 13, 14, 17, 18,19, 21, 24, 25, 29, 30, 31, 34, 39, 40, 42, 43, 48, 50, 51, 65, 66, 70, 71, 73,74, 85, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41, 53, 54
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 26
	FDL_low
	-
	FDL_high
	-50
	1
	15

	
	Frequency range
	703
	-
	794
	-50
	1
	

	
	Frequency range
	794
	-
	803
	-40
	1
	15

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8



Proposal: 
· If -40dBm/MHz protection is extended down to 794MHz MPR is sufficient
· If -40dBm/MHz protection is not extended down to 794MHz, A-MPR or RB restrictions need to be studied for band n26 20MHz CBW UL.

Proposal: CA-n26-n28 only protects the n28DL range with different values per sub-ranges as shown in Table below.

	NR CA combination
	Spurious emission

	
	Protected Band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n26-n28
	Frequency range
	758
	-
	773
	-32
	1
	4

	
	Frequency range
	773
	-
	794
	-50
	1
	

	
	Frequency range
	794
	-
	803
	-40
	1
	4

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3




	R4-2316208
	Huawei, HiSilicon
	Draft CR for 38.101-1 to introduce CA_n26-n28



Open issues summary
Issue 5-1: Requirements related to the protection of the band 28/n28
· Proposals in R4-2315919, Skyworks.
Proposal 1: To account for the band n26 20MHz channel, the two ranges of the protection levels corresponding to band n28 and LTE band 44 are updated to:
· -50dBm/MHz in 703-794MHz
· -40dBm/MHz in 794-803MHz
· This corresponds to changes highlighted in yellow in bellow table and are implemented in [7]
· Alternatively, the range can be made dependent on the UL CBW but that may add complexity for little benefit.
· This modification is also applied to the CA cases including n26.
Table 4: Updated co-existence requirements for band n26 and band n28
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n26
	E-UTRA Band 1, 2, 3, 4, 5, 11, 12, 13, 14, 17, 18,19, 21, 24, 25, 29, 30, 31, 34, 39, 40, 42, 43, 48, 50, 51, 65, 66, 70, 71, 73,74, 85, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41, 53, 54
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 26
	FDL_low
	-
	FDL_high
	-50
	1
	15

	
	Frequency range
	703
	-
	794
	-50
	1
	

	
	Frequency range
	794
	-
	803
	-40
	1
	15

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8



Proposal 2: 
· If -40dBm/MHz protection is extended down to 794MHz MPR is sufficient
· If -40dBm/MHz protection is not extended down to 794MHz, A-MPR or RB restrictions need to be studied for band n26 20MHz CBW UL.

Proposal 3: CA-n26-n28 only protects the n28DL range with different values per sub-ranges as shown in Table below.

	NR CA combination
	Spurious emission

	
	Protected Band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n26-n28
	Frequency range
	758
	-
	773
	-32
	1
	4

	
	Frequency range
	773
	-
	794
	-50
	1
	

	
	Frequency range
	794
	-
	803
	-40
	1
	4

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3



· Recommended WF
· Discuss the above proposals in the meeting

Issue 5-2: Draft CR
· Proposals
· Proposal in R4-2315892 (Skyworks)
· Proposal in R4-2315892 (Huawei)
· Recommended WF
· Collect comments for the draft CR 
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R4 - 231520 3  Skyworks  Solutions  Inc.  Proposal: If specified, to reduce the amount of work, UL CA_n26(2A) MSD should only be  targeted for the worst - case frequency separation and a unique PA   configuration (single test  point and MSD values per CC).     Proposal:  Only an architecture based on two PA and two duplexers if any is specified.     Proposal:       PCC and SCC MSDs, if specified, are based on 2CC UL IMD3 and IMD5 interference  respectively using 2 PA architecture      CA_n26(2A) coexistence with neighboring bands should be verified:      The applicable coexistence level in Band n28 should be discussed and, the means  (A - MPR, RB restrictions…) to achieve this level should be specified.      Applicability to Band n28 DL of the specified protection level shown in  Table  6.5.3.2 - 1 for n26 is provided for the following ranges:   o   - 50dBm/MHz in 703 - 799MHz   o   - 40dBm/MHz in 799 - 803MHz   o   Note that this range seems to correspond to Band 44 and not Band n28 DL,   but is overlapping   o   Note that this seems to assume a maximum n26 UL CBW of 15MHz, while  it is actually 20MHz and the 799MHz boundary may need revisited to  794MHz for single CC.     Proposal: CA_n26(2A) is not specified in a country/operator specific manner an d all  applicable NS (NS_12/13/14/15) requirements should be verified. Additionally, related A - MPR shall be specified, regardless of whether or not this combination is intended for  deployment in the US.   Proposal: DL CA_n26(2A) overall performance is compare d for ULCA CA_n26(2A) versus  with n26A single UL case, prior to introducing this in the specification (which would include  additional hardware in the UE):      Coexistence with neighboring band      Worst case MSD in PCC and SCC channels      Substantial MPR and A - MPR fo r many RB allocations  

