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Introduction
This document summarizes the R18 SI FS_NR_700800900 according to the contributions submitted in 8.2 in RAN4#105 meeting. 
The following contribution is for email approval.
	R4-2218418
	TR 38.872 v0.3.0
	CATT



The main issues for all of other contributions are captured but the TP drafting are not captured in this summary.
The candidate target of the discussions is as follows,
· 1st round: Discuss the technical issues raised in this meeting, try to find some WF.
· 2nd round: 
· Approve the WFs for the three band combinations.
· Revise the TPs if agreements can be reached.
Topic #1: CA_n5-n8
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218128
	Murata Manufacturing Co Ltd.
	Observation 1: Based on the MSD value of ~23dB and reduced n8TX power, CA_n5-n8 link coverage is considerably reduced for 2UL 2DLCA. Crossband noise MSD is required for the 1UL/2DLCA case.
Observation 2: For extended coverage area for CA_n5-n8, single n5 UL 2DLCA is recommended.

	R4-2218294
	Nokia, Nokia Shanghai Bell
	Observation 1: 2UL+1DL of (UL, DL) = (n5+n8, n8) is not possible with the current NR specifications meaning that using SCell as an UL cell without a corresponding DL SCell is not possible in current NR
Observation 2: non-simultaneous Rx/Tx between n5 DL and n8 UL would need RAN2 spec changes, i.e., new RRC configuration while the change wouldn’t be complex.
Proposal 1: Companies are encouraged to confirm the above observations are correct or not.
Proposal 2: RAN2 should be involved in the discussion when the SI becomes WI.

	R4-2218367
	Apple
	Observation 1: One possibility to enable CA_n5-n8 operation with 2-antenna implementation is to allow only non-simultaneous Rx/Tx between n5 DL and n8 UL in conjunction with a triplexer in main path.
Observation 2: For CA_n5-n8 with 3-antenna implementation, there is no additional insertion loss in both n5 and n8 main signal paths as compared to single-band implementation since n5 and n8 signals do not need to be combined through a multiplexer.
Observation 3: Having two antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the two antenna as compared to single-antenna implementation.
Observation 4: Using two antenna to aggregate n5 and n8 may not be the optimal antenna arrangement to divide the sub-1GHz band frequency range as the lower frequency antenna still needs to cover up to 282 MHz (from APT600 band to n5).
Proposal 1: The frequency range restriction of the combination shall not be used as the RF multiplexer implementation guideline as the filter design should accommodate the full-range operation when being operated as a single band for all the constituent bands.
Proposal 2: For CA_n5-n8 with 2-antenna implementation, the feasibility of a single triplexer for CA_n5-n8 with acceptable filter isolation and insertion loss needs to be studied.
Proposal 3: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.
Proposal 4: Semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL is required for CA_n5-n8 irrespective of 2- or 3-antenna implementation.

A TP on the architecture is also provided.

	R4-2218388
	Skyworks Solutions Inc.
	Proposal on architecture:
· Before deciding on a valid two or three antenna architecture assumption, the n8 UL interference issue must be solved.
· The three-antenna solution should be enabled but not drive specific requirement or UE capability, as it does not provide a solution to the n8 UL interference issue.
· For the three-antenna architecture solution whether the third antenna (one of the UL antennas) is a “genuine” LB antenna or a “borrowed” higher band antenna should be clarified.

Proposal on n8 UL: Since the n8 UL blocking the n5 DL main and diversity receivers’ issue can only be solved by additional dedicated hardware, which beyond the size and cost burden, would dictate the definition of a specific band for the restricted n8 spectrum:
· We propose that n8 UL for CA_n5-n8 is not supported for both 1UL and 2UL configurations.
· Provided that n8 UL is not supported in CA_n5-n8, a two-antenna solution with added switch to remove the n8 UL filter from the antenna multiplexing in sufficient. 

	R4-2218484
	CATT
	Proposal: Dedicated filter solution should be kept for this CA at least in SI phase.
Observation: For the full band filter solutions, non-simultaneous Rx/Tx between n5 DL and n8 UL can be considered.

	R4-2218865
	vivo
	Proposal 1: It is suggested to align the performance of low band antenna covering both n5 and n8 considering handheld UE form factor for the feasibility study.
Proposal 2. The current filter (single band filter) is used as baseline for CA_n5-n8.
Proposal 3: It is suggested to consider Table 2 for CA_n5-n8 requirements analysis.
Table 2. RF parameters for CA_n5-n8 requirements analysis
	RF parameters for requirements analysis
	Value (dB)

		n5 Tx filter attenuation at n8 Rx frequency range
	50

		n5 Rx filter attenuation level at n8 Tx frequency range
	40

		n8 Tx filter attenuation at n5 Rx frequency range
	50

		n8 Rx filter attenuation level at n5 Tx frequency range
	40

		antenna ISO
	10

		RF front end loss
	4


Proposal 4: It is suggested to consider Option 1 (n8 Tx restricted RBs) as baseline for CA_n5-n8 with full range filter.

	R4-2219205
	ZTE Corporation
	[bookmark: OLE_LINK7]For dedicated filter:
Observation 1: Without dedicated filter, the single band n5 Rx requirements like Rx blocking under CA_n5-n8 operation cannot be guaranteed if UL is on n8.
Proposal 1. The study on dedicated filter is for CA_n5-n8 feasibility only, and the study outcomes shall be included in TR38.872. The requirements for CA_n5-n8 derived from the dedicated filter should not be included in the specification. 
For full single band filter:
Observation 2: Lots of works are foreseen for option 1 and option 2, however, option 1 and option 2 enable the possibility of simultaneous Tx/Rx for 2UL/2DL NR CA_n5-n8.
Observation 3: option 4 is more accuracy to describe the non-simultaneous Rx/Tx between n5 and n8, however, only 1UL/2DL NR CA_n5-n8 is applied.

	R4-2219259
	Xiaomi
	Proposal 1: It is proposed to use the RF front end architecture in figure 1 (2 antenna) and figure 2 (3 antenna) for further study.
Proposal 2: For CA_n5-n8, single band filter should be used as a baseline like in single band operation.
Proposal 3: Non-simultaneous Rx/Tx between n5 DL and n8 UL is preferred.
Proposal 4: The following parameters from our side can be used for feasibility study:
· n5 Tx filter attenuation at n8 Rx frequency range: 50dB
· n5 Rx filter attenuation level at n8 Tx frequency range: 40dB
· n8 Tx filter attenuation at n5 Rx frequency range: 50dB
· n8 Rx filter attenuation level at n5 Tx frequency range: 40dB
· antenna ISO: 10dB
· RF front end loss: 4dB

	R4-2219262
	Xiaomi
	TP on CA_n5-n8
RF architecture and REFSESN section.

	R4-2219621
	Huawei, HiSilicon
	Observation 1: if UE implemented two antennas’ RF architecture for CA_n5-n8, a new quadplexer has to be assumed in the RF architecture.
Proposal 1: Figure 1 can be considered as a candidate reference for two antennas RF architecture of CA_n5-n8. The frequency range for quadplexer and band n8 duplexer can be designed as below.
Quadplexer:
Band n5 Tx: 824~849MHz
Band n5 Rx: 869~894MHz
Band n8 Tx: 904~915MHz
Band n8 Rx: 949~960MHz or 925~960MHz
Band n8 Duplexer: (Used for band n8 deployment without band n5)
Band n8 Tx: 880~915MHz
Band n8 Rx: 925~960MHz
Band n5 + n8 DUP: (diversity Rx filter)
Band n5 Rx: 869~894MHz
Band n8 Rx: 925~960MHz
Moderator: Figure is omitted here
Figure 1 two antennas RF architecture for CA_n5-n8
Proposal 2: Figure 2~5 can be considered as candidate references for three antennas RF architecture of CA_n5-n8. The frequency ranges of each component are listed for 4 candidate RF architectures in table 1.
Moderator: Figure is omitted here
Figure 2 RF architecture 1 for CA_n5-n8 with 3 antennas
Moderator: Figure is omitted here
Figure 3 RF architecture 2 for CA_n5-n8 with 3 antennas
Moderator: Figure is omitted here
Figure 4 RF architecture 3 for CA_n5-n8 with 3 antennas
Moderator: Figure is omitted here
Figure 5 RF architecture 4 for CA_n5-n8 with 3 antennas
Table 1 The frequency ranges of each component for 4 kinds of RF architecture
	RF architecture for CA_n5-n8 with 3 antennas
	CA_n5-n8 deployment for main path 1 and path 2
	single carrier n5 or n8 deployment
	n5+n8 Rx DUP for diversity Rx filter

	RF architecture 1
	n5 partial range duplexer:
Tx: 824~849MHz, Rx: 869~880MHz
n8 partial range duplexer:
Tx: 904~915MHz, Rx: 925~960MHz
	n5: full frequency range duplexer
n8: full frequency range duplexer
	Band n5 Rx: 869~894MHz
Band n8 Rx: 925~960MHz

	RF architecture 2
	n5 full range duplexer:
Tx: 824~849MHz, Rx: 869~894MHz
n8 partial range duplexer:
Tx: 904~915MHz, Rx: 925~960MHz
	
	

	RF architecture 3
	n5 partial range duplexer:
Tx: 824~849MHz, Rx: 869~880MHz
n8 full range duplexer:
Tx: 880~915MHz, Rx: 925~960MHz
	
	

	RF architecture 4
	n5 full range duplexer:
Tx: 824~849MHz, Rx: 869~894MHz
n8 full range duplexer:
Tx: 880~915MHz, Rx: 925~960MHz
	
	




	R4-2219622
	Huawei, HiSilicon
	TP for TR 38.872 to capture the RF architecture assumption for CA_n5-n8

	R4-2219870
	Qualcomm Finland RFFE Oy
	Observation 1: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL
Observation 2: RF FE would not be the bottleneck for CA_n5-n8 using full band n5/n8 RF filters and non-concurrent reception within 869...880 DL and 904…915 UL but both the UL and DL throughput would be degraded making the benefit of DL/UL CA very questionable
Observation 3: The n8 Cross-band MSD is 0dB with 2 antenna architecture using full band n5/n8 RF filters. The margin to 0dB MSD is quite narrow, so further evaluations may be needed before deciding if MSD is needed or not
Observation 4: The n8 Cross-band MSD is 0dB with 3 antenna architecture using full band n5/n8 RF filters. The margin to 0dB MSD is quite narrow, so further evaluations may be needed before deciding if MSD is needed or not
Observation 5: If CA between the restricted frequency ranges of n5 and n8 using concurrent reception within 869…880 and transmission within 904…915 is supported, UE needs both full n5 and n8 RF filters and dedicated filters for the restricted frequency ranges
Observation 6: For NR CA using dedicated RF filters for restricted frequencies with two antennas, the worst-case 1UL n5 cross-band MSD using estimated RF filter characteristics is 10.4dB for 5MHz CC within 869…880MHz
Observation 7: For NR CA using dedicated RF filters for restricted frequencies with three antennas, the worst-case 1UL n5 cross-band MSD using estimated RF filter characteristics is 6.5dB for 5MHz CC within 869…880MHz
Observation 8: Current Cross-band MSD specification approach does not cover UL CA cases which do not have IMD MSD specified
Proposal 1: The RF requirements shall be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case
Proposal 2: Each RF reference architecture included in the TR must have a brief evaluation of expected antenna characteristics
Proposal 3: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL
Proposal 4: CA_n5-n8 using full band n5/n8 RF filters and non-concurrent reception within 869...880 DL and 904…915 UL would have degraded UL and DL throughput making the benefit of DL/UL CA very questionable
Proposal 5: CA_n5-n8 using full band n5/n8 RF filters with n5 UL is feasible even though the UL data rate is limited as UL CA is not feasible
Proposal 6: Before agreeing any requirements for CA_n5-n8 using restricted filter(s), RAN4 must agree how to handle restricted frequency range filters, i.e. if new bands are specified or not
Proposal 7: RAN4 must discuss how the 2UL Cross-band MSD is dealt with in case there is no IMD



Moderator: The following contributions can be briefly presented.
	R4-2218367
	TP for TR 38.872 on CA_n5-n8 architectures
	Apple

	R4-2219621
	Discussion on RF architecture and potential solutions for CA_n5-n8
	Huawei, HiSilicon


Open issues summary
Sub-topic 1-1: Reference architecture
Issue 1-1: The two antenna reference architecture
· Proposals
· Option 1: Triplexer in main antenna + duplexer in diversity antenna (R4-2218367, Apple)
[image: ]
· Option 2: Quadplexer in main antenna + Duplexer in diversity antenna
· Option 2a: Proposal in R4-2219259 (Xiaomi, no clarification if the quadplexer is for the dedicated frequency range)


· Option 2b: Proposal in R4-2219621  (Huawei, Dedicated quadplexer)
Switch
Quadplexer
Duplexer n8
Diplexer
Mid bands
n5+n8 Rx
DUP 
Diplexer
Switch

· Option 3: Dual triplexer architecture (R4-2218388, Skyworks)
[image: ]
· Recommended WF
· TBA

Issue 1-2: The three antenna reference architecture
· Proposals
· Option 1: n5 Main TRx + n8 main TRx + Diversity (n5 Rx + n8 Rx) (Apple R4-2218367, Xiaomi R4-2219259, Huawei R4-2219621)
Moderator: Which figure in the above contributions will be captured in the TR can be discussed when TP is revised.
[image: ]
· Option 2: Architecture 1 in R4-2219621 (Huawei)
Switch
Full Range
Duplexer n8
Diplexer
Mid bands
n5+n8 Rx
DUP 
Diplexer
Switch
Partial Range
Duplexer n8
Switch
Partial Range
Duplexer n5
Diplexer
Mid bands
Full Range
Duplexer n5

· Figure 2 RF architecture 1 for CA_n5-n8 with 3 antennas
· Option 3: Architecture 2 in R4-2219621 (Huawei)

Switch
Full Range
Duplexer n8
Diplexer
Mid bands
n5+n8 Rx
DUP 
Diplexer
Switch
Partial Range
Duplexer n8
Switch
Diplexer
Mid bands
Full Range
Duplexer n5

· Figure 3 RF architecture 2 for CA_n5-n8 with 3 antennas
· Option 4: Architecture 3 in R4-2219621 (Huawei)
Switch
Full Range
Duplexer n8
Diplexer
Mid bands
n5+n8 Rx
DUP 
Diplexer
Switch
Switch
Partial Range
Duplexer n5
Diplexer
Mid bands
Full Range
Duplexer n5

· Figure 4 RF architecture 3 for CA_n5-n8 with 3 antennas

· Recommended WF
· TBA

Sub-topic 1-2: Feasible solutions
Issue 1-3: Feasible solutions
· Proposals
· Option 1: Single n5 UL 2DLCA for both 1UL CA and 2UL CA (Murata, Skyworks) 
· Option 2: Non-simultaneous Rx/Tx between n5 DL and n8 UL (Apple, CATT, Xiaomi)
· This solution needs RAN2 spec changes, i.e., new RRC configuration while the change wouldn’t be complex. (R4-2218294, Nokia)
· Option 3: n8 Tx restricted RBs (Vivo)
· Recommended WF
· TBA
Moderator: When companies comment, please also comment if the preferred solutions are for all of the architectures or only for some architecture.

Sub-topic 1-3: Performance analysis
Issue 1-4: Solution for n8 UL blocking n5 DL evaluation
· Proposals
· Option 1: n8 UL is not supported (Skyworks)
· Option 2: Dedicated filter (Mentioned but not supported by Skyworks and ZTE)
· Recommended WF
· TBA

Issue 1-5: MSD evaluation assumptions for CA_n5-n8
· Proposals
· Option 1: R4-2218865 (Vivo) and R4-2219259 (Xiaomi)
· Table 2. RF parameters for CA_n5-n8 requirements analysis
	RF parameters for requirements analysis
	Value (dB)

		n5 Tx filter attenuation at n8 Rx frequency range
	50

		n5 Rx filter attenuation level at n8 Tx frequency range
	40

		n8 Tx filter attenuation at n5 Rx frequency range
	50

		n8 Rx filter attenuation level at n5 Tx frequency range
	40

		antenna ISO
	10

		RF front end loss
	4



· Option 2:
· Recommended WF
· TBA

Issue 1-6: MSD analysis results for CA_n5-n8
· Proposals
· Results in R4-2218128 (Murata)
· Results in R4-2218388 (Skyworks)
· Results in R4-2219870 (Qualcomm)
· Recommended WF
· TBA
Moderator:  If time is limited, the discussion for this issue can be in low priority in this meeting.
 
Topic #2: CA_n5-n28
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218129
	Murata Manufacturing Co Ltd.
	Observation 1: Since the worst-case MSD is with single UL, it is preferable to keep the single TX UL MSD test point for the CA_n5-n28 band combination.
Proposal 1: Apply single UL MSD specified in 38.101-1 for dual UL MSD for CA_n5-n28

	R4-2218368
	Apple
	Observation 1: For CA_n5-n28 with 2-antenna implementation, the antenna design needs to cover the entire spectrum range of 191 MHz simultaneously which is equivalent to a 24% bandwidth ratio that would exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be compromised.
Observation 2: For CA_n5-n8 with 3-antenna implementation, there is no additional insertion loss in both n5 and n8 main signal paths as compared to single-band implementation since n5 and n8 signals do not need to be combined through a multiplexer.
Observation 3: Having two antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the two antenna as compared to single-antenna implementation.
Proposal 1: For CA_n5-n28 with 2-antenna implementation, the feasibility of a single quadplexer in main path and a single triplexer in both main path and diversity path needs to be studied.
Proposal 2: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.
Proposal 3: For CA_n5-n28, the REFSENS impact on n28 DL caused by frequency proximity between n5 UL and n28 DL and insufficient cross-band isolation needs to be addressed.

A TP on the architecture is also provided.

	R4-2218387
	Skyworks Solutions Inc.
	Proposal on architecture:
· The study and requirement in the WI phase are based on a two-antenna architecture solution.
· The three-antenna solution should be enabled, but not drive a specific requirement or UE capability.
· For the three-antenna architecture solution, whether the third antenna (one of the UL antennas) is a “genuine” LB antenna or a “borrowed” higher band antenna should be clarified.

Proposal on 2UL configuration: Two UL n5 and n28 combined MSD for n28DL is further studied for different DL channel bandwidths and UL allocations, in order to define a specific 2UL cross-band MSD for n28 DL under the combined interference on n28 and n5UL.

	R4-2218866
	vivo
	[bookmark: _Hlk118745260]Proposal 1: Use 3-antenna as baseline for 2UL/2DL CA_n5-n28 analysis if RAN4 intends to reuse the requirements defined for DC_28-n5. 
Proposal 2: It is suggested to consider Table 2 for CA_n5-n28 MSD requirements analysis.
Table 2. RF parameters for CA_n5-n28 requirements analysis 
	Parameter
	Value
	Unit

	Antenna isolation 
	10
	dB

	n28 filter rejection at n5 UL range
	35
	dB

	CIM5 of n5 UL relative to wanted level
	-70
	dBc

	Front-end loss 
	4
	dB

	PCB isolation 
	67
	dB

	PA RXBN noise
	-125
	dBm/Hz

	Thermal noise at RX ANT port
	-165.5
	dBm/Hz

	Transceiver effective phase noise 
	-144
	dBc/Hz

	SNR requirement for QPSK
	-1
	dB




	R4-2219206
	ZTE Corporation
	Observation 1. The TIB,c and RIB,c of NR CA_n5-n28 are reused from LTE CA_5-28, and the cross band isolation MSD was only defined for NR CA_n5-n28.
Observation 2. Quadplexer was used to define the related requirements for LTE CA_18-28
Observation 3. The TIB,c and RIB,c of ENDC DC_28_n5 are reused from LTE CA_18-28, and the cross band isolation MSD was only defined for DC_28_n5.
Observation 4. Same TIB,c and RIB,c values for NR CA_n5-n28, LTE CA_18-28, DC_28_n5 and LTE CA_18-28.
Observation 5. The RF requirement of NR CA_n5-n28 defined in the R17 spec were derived from quadplexer, i.e. 2 antenna implementation. 
Proposal 1. The existing TIB,c and RIB,c defined for 1UL/2DL CA_n5-n28 in the TS38.101-1 can be applied to 2UL/2DL CA_n5-n28.
Proposal 2. The TIB,c and RIB,c defined for CA_n5-n28 using 3 antenna architectures are proposed to:
Table 9: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0


Table 10: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0



A TP on the Tib/Rib for three antenna architecture is provided.

	R4-2219260
	Xiaomi
	Proposal 1: It is proposed to use the above RF front end architecture in figure 1 (2 antenna) and figure 2 (3 antenna) for further study.
Proposal 2: The MSD requirement for DC_28-n5 can be reused for CA_n5-n28 with 2UL.
If the MSD should be re-evaluated, the following parameters from our side can be used for feasibility study.
· n5 Tx filter attenuation at n28 Rx frequency range: 50dB
· n5 Rx filter attenuation level at n28 Tx frequency range: 40dB
· n28 Tx filter attenuation at n5 Rx frequency range: 50dB
· n28 Rx filter attenuation level at n5 Tx frequency range: 40dB
· antenna ISO: 10dB
· RF front end loss: 4dB
Proposal 3: The following parameters from our side can be used for feasibility study:
· n5 Tx filter attenuation at n28 Rx frequency range: 50dB
· n5 Rx filter attenuation level at n28 Tx frequency range: 40dB
· n8 Tx filter attenuation at n5 Rx frequency range: 50dB
· n28 Rx filter attenuation level at n5 Tx frequency range: 40dB
· antenna ISO: 10dB
· RF front end loss: 4dB


	R4-2219263
	Xiaomi
	TP on architecture, REFSENS and MSD.

	R4-2219617
	Huawei, HiSilicon
	Proposal 1: Figure 1 and figure 2 can be considered as two and three antennas RF architecture for CA_n5-n28.
Moderator: Figure is omitted here
Figure 1 two antennas RF architecture for CA_n5-n28
Moderator: Figure is omitted here
Figure 2 three antennas RF architecture for CA_n5-n28
Proposal 2: it’s proposed to specify MSD test configurations due to cross band isolation for CA_n5-n28 in table 1.
Table 1 MSD due to cross band isolation for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	[17.5]
	ACLR2

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	888
	30
	2.9
	ACLR2




	R4-2219618
	Huawei, HiSilicon
	TP on the architecture, REFSENS.

	R4-2219873
	Qualcomm Finland RFFE Oy
	Observation 1: There are different n28-n5 triplexer implementation options with different tradeoffs
Observation 2: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in two antenna solution is 17.4dB for 5MHz n28 CC. This is pending further studies on triplexer characteristics, especially achievable Cross-band RX isolation
Observation 3: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in three antenna solution is 18.6dB for 5MHz n28 CC
Observation 4: Current Cross-band MSD specification approach does not cover UL CA cases which do not have IMD MSD specified
Proposal 1: The RF requirements shall be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case
Proposal 2: Each RF reference architecture included in the TR must have a brief evaluation of expected antenna characteristics
Proposal 3: Before agreeing Cross-band MSD/Removing [] from current specification, further study the triplexer feasibility for CA_n5-n28 when upper part of n28 is supported
Proposal 4: RAN4 must discuss how the 2UL Cross-band MSD is dealt with in case of no IMD



Moderator: The following contributions can be briefly presented,
	R4-2218387
	MSD due to 2UL configuration for CA_n5-n28
	Skyworks Solutions Inc.



Open issues summary
Sub-topic 2-1: Reference architecture
Issue 2-1: The two antenna reference architecture
· Proposals
· Option 1:  Architecture a and b (Apple R4-2218368, Skyworks R4-2218387) 
· [image: ]
· Option 2: Only architecture a (Xiaomi R4-2219260, Huawei R4-2219617)
· Option 3: Only architecture b (Qualcomm R4-2219873 provided analysis for architecture b)
· Recommended WF
· TBA

Issue 2-2: The three antenna reference architecture
· Proposals
· Option 1: The following architecture (Apple, Skyworks, Xiaomi, Huawei, Qualcomm)
[image: ]
· Option 2: 
· Recommended WF
· TBA

Sub-topic 2-2: Performance analysis
Issue 2-3: Tib/Rib for three antenna reference architecture
· Proposals
· Option 1: all are zeroes (ZTE)
· Table 9: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0


· Table 10: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0



· Option 2:
· Recommended WF
· TBA

Issue 2-4: MSD for 2UL CA
· Proposals
· Option 1: Apply single UL MSD specified in 38.101-1 for dual UL MSD for CA_n5-n28 (Murata R4-2218129)
· Option 2: The MSD requirement for DC_28-n5 can be reused for CA_n5-n28 with 2UL. (Xiaomi R4-2219260)
· Option 3: MSD proposal in R4-2219617 (Huawei)
Table 1 MSD due to cross band isolation for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	[17.5]
	ACLR2

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	888
	30
	2.9
	ACLR2



· Recommended WF
· TBA

Topic #2: CA_n8-n20-n28
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218130
	Murata Manufacturing Co Ltd.
	Proposal 1: Use MSD in Table 2.4-1.
Table 2.1-1: CA_n8A-n20A-n28A MSD
	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_n8-n20-n28
	n8
	907
	5
	25
	952.5
	[23.5]
	FDD
	IMD3

	
	n20
	834.5
	5
	25
	793.5
	N/A
	
	N/A

	
	n28
	715.5
	5
	25
	760.5
	N/A
	
	N/A

	CA_n8-n20-n28
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	
	n20
	834.5
	5
	25
	793.5
	N/A
	
	N/A

	
	n28
	726.5
	5
	25
	781.5
	[25.0]
	
	IMD3




	R4-2218369
	Apple
	Observation 1: For CA_n8-n20-n28 with 2-antenna architectures, the antenna design needs to cover the entire spectrum range of 257 MHz simultaneously which is equivalent to a 31% bandwidth ratio that would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination is expected to be compromised.

Observation 2: For CA_n8-n20-n28 with 3-antenna implementation, the 6 UL/DL bands can be shuffled between the two main path antenna to allow wider sub-band frequency separations for easier triplexer or duplexer design.

Observation 3: For CA_n8-n20-n28 with 4-antenna implementation, there is no additional insertion loss in n8, n20, and n28 main signal paths as compared to single-band implementation since n8, n20, and n28 signals do not need to be combined through a multiplexer.

Observation 4: Having 3 antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antenna as compared to single-antenna implementation.

Observation 5: The MSD mechanisms are highly dependent on the multiplexer filter isolation to the aggressor UL bands and the IMD products in the victim DL bands which may only be available after the multiplexer feasibility studies.

Proposal 1: For CA_n8-n20-n28 with 2-antenna architectures, the feasibility on a low-band pentaplexer or quadplexer needs to be studied.

Proposal 2: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.

Proposal 3: For CA_n8-n20-n28, the REFSENS impact (MSD) due to self-band isolation, cross-band isolation, and 2UL IMD needs to be addressed.
A TP on architecture is provided.

	R4-2218867
	vivo
	Proposal 1: It is suggested to align the performance of low band antenna covering both n20 and n28 considering handheld UE form factor for the feasibility study.

	R4-2219261
	Xiaomi
	Proposal 1: It is proposed to use the RF front end architecture in figure 1 (2 antenna) and figure 2 (4 antenna) for further study.
Proposal 2: Delta T and Delta R for DC_8A-20A_n28A can be reused for CA_n8-n20-n28.

	R4-2219264
	Xiaomi
	TP on architecture and Tib/Rib.

	R4-2219619
	Huawei, HiSilicon
	Proposal 1: IMD3 MSD of DC_20_n8A in n20 and n8 can be reused for CA_n8-n20 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 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n8-n20
	n8
	892.5
	5
	25
	937.5
	25
	FDD
	IMD3

	
	n20
	849.5
	5
	25
	808.5
	25
	FDD
	IMD3



Proposal 2: It’s proposed to specify band n8 MSD due to IMD3 of Tx band n20 + band n28 and band n28 MSD due to IMD3 of Tx band n8 + band n20.
	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_n8-n20-n28
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	N/A

	
	n8
	908.5
	5
	25
	953.5
	23.5
	FDD
	IMD3

	
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	726.5
	5
	25
	781.5
	23.0
	FDD
	IMD3


Moderator: The proposal is for 3 antenna architecture.

	R4-2219620
	Huawei, HiSilicon
	TP on the architecture and the MSD.

	R4-2219874
	Qualcomm Finland RFFE Oy
	Proposal 1: The RF requirements shall be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case
Proposal 2: Each RF reference architecture included in the TR must have a brief evaluation of expected antenna characteristics
Overview of DL-only band MSD estimates:
[image: ]




Moderator: The following contribution can be briefly presented,
	R4-2219874
	Considerations on CA_n8-n20-n28
	Qualcomm Finland RFFE Oy



Open issues summary
Sub-topic 3-1: Reference architecture
Issue 3-1: The baseline three antenna reference architecture
· Proposals
· Option 1:  Architecture a and b in R4-2218369 (Apple)
[image: ]
· Option 2: The following architecture (Huawei R4-2219619, Qualcomm R4-2219874)
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\340CAF9E-0C68-46D0-AAAC-94704A87ED83.png]
· Option 3: The following architecture (Qualcomm R4-2219874)
[image: ]
· Recommended WF
· TBA

Issue 3-2: The two antenna reference architecture
· Proposals
· Option 1: Architecture a and b in Apple R4-2218369 (Xiaomi R4-2219261 proposes a)
· [image: ]
· Option 2: Architecture in Qualcomm R4-2219874
[image: ]

· Recommended WF
· TBA

Issue 3-3: The four antenna reference architecture
· Proposals
· Option 1: The following architecture (Apple R4-2218369, Qualcomm R4-2219874)
[image: ]
· Option 2: Architecture in Xiaomi R4-2219261


· Recommended WF
· TBA

Sub-topic 3-2: Performance analysis
Issue 3-4: Tib/Rib
· Proposals
· Option 1: Delta T and Delta R for DC_8A-20A_n28A can be reused for CA_n8-n20-n28. (Xiaomi R4-2219261)
· Option 2:
· Recommended WF
· TBA

Issue 3-5: MSD
· Proposals
· Option 1: Use MSD in Table 2.4-1. (R4-2218130, Murata)
Table 2.1-1: CA_n8A-n20A-n28A MSD
	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_n8-n20-n28
	n8
	907
	5
	25
	952.5
	[23.5]
	FDD
	IMD3

	
	n20
	834.5
	5
	25
	793.5
	N/A
	
	N/A

	
	n28
	715.5
	5
	25
	760.5
	N/A
	
	N/A

	CA_n8-n20-n28
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	
	n20
	834.5
	5
	25
	793.5
	N/A
	
	N/A

	
	n28
	726.5
	5
	25
	781.5
	[25.0]
	
	IMD3



· Option 2: proposals in Huawei R4-2219619 (Proposal for 3 antenna architecture)
Proposal 1: IMD3 MSD of DC_20_n8A in n20 and n8 can be reused for CA_n8-n20 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 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n8-n20
	n8
	892.5
	5
	25
	937.5
	25
	FDD
	IMD3

	
	n20
	849.5
	5
	25
	808.5
	25
	FDD
	IMD3



Proposal 2: It’s proposed to specify band n8 MSD due to IMD3 of Tx band n20 + band n28 and band n28 MSD due to IMD3 of Tx band n8 + band n20.
	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_n8-n20-n28
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	N/A

	
	n8
	908.5
	5
	25
	953.5
	23.5
	FDD
	IMD3

	
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	
	n28
	726.5
	5
	25
	781.5
	23.0
	FDD
	IMD3



· Option 3: Estimates in Qualcomm R4-2219874)
[image: ]
· Recommended WF
· TBA
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Introduction


 


This document summarizes the R1


8 SI 


FS_NR_700800900


 


according to


 


the


 


contributions 


submitted in 


8.2


 


in 


RAN4#105 meeting. 


 


The following contribution


 


is 


for 


email approval
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The main issues for all of other contributions are captured


 


but the TP drafting are not captured in this summary.


 


The candidate target of the discussions is as follows,


 


·


 


1


st


 


round: 


Discuss the technical issues raised in this meeting, try to find some WF.


 


·


 


2


nd


 


round: 


 


o


 


Approve the WFs for the three band combinations


.


 


o


 


R


evise the TPs


 


if agreements can be reached.


 


1


 


Topic


 


#1


: 


CA_n5


-


n8


 


1.1


 


Companies


’


 


contributions summary


 


T


-


doc number


 


Company


 


Proposals


 


/ Observations


 


R4


-


2218128


 


Murata 


Manufacturing 


Co Ltd.


 


Observation 1:


 


Based on the MSD value of ~23dB and reduced 


n8TX power, CA_n5


-


n8 link coverage is cons


iderably reduced for 2UL 


2DLCA. Crossband noise MSD is required for the 1UL/2DLCA case.


 


Observation 2:


 


For extended coverage area for CA_n5


-


n8, 


single 


n5 


UL 2DLCA is recommended.


 


R4


-


2218294


 


Nokia, Nokia 


Shanghai Bell


 


Observation 1: 2UL+1DL of (UL, DL) = (n5+n8, n8) is not possible with the 


current NR specifications meaning that using SCell as an UL cell without a 


corresponding DL SCell is not possible in current NR


 


Observation 2: non


-


simultaneous Rx/Tx between n5 DL and n8 UL would 


need RAN2 spec changes, i.e., new RRC configuration while the change 


wouldn’t be complex.


 


Proposal 1: Companies are encouraged to confirm the above observations 


are correct or not.


 


Proposa


l 2: RAN2 should be involved in the discussion when the SI becomes 


WI.
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