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Introduction
In this paper, we provide the following text proposals to capture the remaining parts for CA_n5-n8.
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Generally, in this study item, some high level implementations were discussed and shown as below.
1) Full band n5 and n8 RF filters implementation with option 1 and option2:
	Option 1: Only support 1UL/2DL CA. Single UL in n5
	Option 2: Support both 1UL/2DL and 2UL/2DL CA. Non-concurrent n5 DL and n8 UL
		Note: Potential impacts on RAN2 are observed
2) Dedicated RF filters implementation with partial frequency range
	Option 3: Support both 1UL/2DL and 2UL/2DL CA. Dedicated filter to allow simultaneous n5 DL and n8 UL
5.1.1	UE RF architecture assumption
The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n5-n8: 2 antenna, 3 antenna. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands.
Due to the frequency range overlap between n5 DL and n8 UL, one possibility to enable CA_n5-n8 operation with 2-antenna implementation is to allow non-simultaneous Rx/Tx between n5 DL and n8 UL or single UL in n5 only to avoid n5 REFSENS impact due to n8 UL transmission. With that the filter isolation between n5 DL and n8 UL would no longer be needed and a triplexer can be used to provide the semi-full-duplex carrier aggregation to a single antenna in the main path, as is shown in Figure 5.1.1-1. On the other hand, since the triplexer center band range is over 5% bandwidth ratio (band range divided by center frequency) and the frequency gap between center band and n8 DL is only 10 MHz which may pose design challenge on achieving acceptable filter isolation and insertion loss, the feasibility of a single triplexer for CA_n5-n8 needs to be studied.
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Figure 5.1.1-1 Possible CA_n5-n8 UE architecture and operation diagram for semi-full-duplex CA
Another architecture variant with 2-antenna implementation is to move n8 UL to the diversity path as is shown in Figure 5.1.1-2 which may potentially ease the triplexer design in the main TRx path owing to the narrower middle band range and wider frequency separation between n5 DL and n8 DL. The filter design challenge however would be shifted to the diversity TRx path duplexer due to the wider band range to cover n5 DL and n8 UL. 
[image: ]
Figure 5.1.1-2 Possible CA_n5-n8 UE architecture based on 2-antenna implementation
For the 3-antenna implementation, the two of the three antenna are used in the main path to aggregate the n5 and n8 signals over the air, as shown in Figure 5.1.1-3. As n5 and n8 signals do not need to be combined through a multiplexer, there is no additional insertion loss in both n5 and n8 main signal paths as compared to single-band implementation.
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 which can be up to 348 MHz (from n105 to n8) to support all the sub-1GHz bands above 600 MHz as defined in 3GPP. On the other hand, the additional antenna cannot be added without occupying more phone space. Therefore, the feasibility on placing more than two low-band antenna in a smartphone needs to be investigated with the concern of the expected narrower bandwidth and regressed radiating performance due to the limitation in form factor. 
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Figure 5.1.1-3 CA_n5-n8 UE architecture based on the 3-antenna implementation
Despite the 3-antenna implementation can help reduce n8 UL interfering n5 DL via antenna isolation which however is far from sufficient even under the restricted frequency ranges for CA operation where n8 UL does not overlap with n5 DL. Therefore, semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL as diagramed in Figure 5.1.1-1 is still required for the CA combination.
In consideration of the operation frequency ranges restriction for this specific band combination as is shown below,
-	n5r: UL 824 - 835 MHz; DL 869 - 880 MHz
-	n8r: UL 904 - 915 MHz; DL 949 - 960 MHz 
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Figure 5.1.1-4 CA_n5-n8 restricted spectrum range
Dedicated filter implementation may be considered to potentially enable 2UL/2DL simultaneous operation. Due to the frequency range restriction on the dedicated filters, additional full-band duplexers for either or both n5 and n8 would be required in order to support the single-band full-band operation. Figure 5.1.1-5 and Figure 5.1.1-6 show the architecture diagrams with dedicated quadplexer in main TRx path based on 2-antenna implementation where the former uses both partial ranges for n5 and n8 in the quadplexer and the latter uses partial range only for n8 UL in the quadplexer.
[image: ]

 Figure 5.1.1-5 CA_n5-n8 architecture with dedicated quadplexer using partial ranges in both n5 and n8
[image: ]

Figure 5.1.1-6 CA_n5-n8 architecture with dedicated quadplexer using partial range in n8 UL only
Figure 5.1.1-7 and Figure 5.1.1-8 show the architecture diagrams with dedicated duplexers for both n5 and n8 and n8 UL only respectively in main TRx path based on 3-antenna implementation. 
Dedicated filter based on specific frequency range restriction for operation bands usually is not a common practice in UE implementation as it adds additional cost and area to the devices.
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Figure 5.1.1-7 CA_n5-n8 architecture using dedicated duplexers with partial ranges in both n5 and n8
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Figure 5.1.1-8 CA_n5-n8 architecture using dedicated duplexers with partial range in n8 UL only
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Figure 5.1.1-9 CA_n5-n8 architecture using dedicated triplexers with partial range in n8 and n5
In the architecture of Figure 5.1.1-9, dedicated triplexers are used. In this architecture, UL’s are transmitted from different antennas, which may help in optimizing the TRP for each of the UL’s resulting in better coverage.

<<Next of Change>>
5.1.2.4	∆TIB,c and ∆RIB,c values
For CA_n5-n8, the TIB,c and RIB,c are given in the tables below. considering both 2-antenna and 3–antenna implementations. If 3-antenna implementation is assumed, there isn’t any additional insertion loss observed for CA_n5-n8 compared with single carrier operation. If it’s assumed to derive the the delta Tib and Rib requirements for CA_n5-n8 based on 3–antenna implementation, all the values can be zero. If 2-antenna implementation is assumed to derive these values, the some delta Tib and Rib values for CA_n5-n8 are provided from interested companies as below.
Table 5.1.2.4-1: ΔTIB,c for 2-antenna implementation
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]Huawei
	Skyworks
	Qualcomm

	CA_n5-n8
	n5
	FFS0.4
	0.2
	0.5

	
	n8
	FFS0.4
	0.4
	0.5



Table 5.1.2.4-2: ΔRIB,c for 2-antenna implementation
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]Huawei
	Skyworks
	Qualcomm

	CA_n5-n8
	n5
	FFS0
	0.3
	0.5

	
	n8
	FFS0
	0.2
	0.5




<<Next of Change>>
[bookmark: _Toc109047243][bookmark: _Toc120543078]5.1.2.5	REFSENS requirements
FFSFor option 1 of full band n5 and n8 RF filters implementation, the scheduling is restricted as DL_n5-n8_UL_n5 and the concurrent operation between DL band n5 and UL band n8 can’t work. There may be some MSD for band n8 DL due to band n5 UL interference. Some legacy filters exhibit the flyback effect into n8 DL reducing the rejection of the n5 TX OOB leakage for no MSD
For option 3 of dedicated RF filters implementation with partial frequency range, the MSD test point and values due to cross band isolation between DL band n5 and UL band n8 in Table 5 are provided referring to R4-2300759.
Table 5.1.2.5-1: n8R UL cross band MSD in n5 for CA_n5-n8
	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)
	

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	[12.3]
	ACLR2
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[bookmark: _Toc109047245][bookmark: _Toc120543079]5.1.3	Specific for 2 bands UL of CA_n5-n8
5.1.3.0 General
Option 2 full band n5 and n8 RF filters implementation can support both DL_n8_UL_n5-n8 and DL_n5-n8_UL_n5 features.
Option 3 dedicated RF filter(s) implementation with partial frequency range can support DL_n5-n8_UL_n5-n8 feature.
Thus, the following technical analysis in clause 5.1.3 is based on these kinds of candidate options and implementations.
[bookmark: _Toc109047246][bookmark: _Toc120543080]5.1.3.1	Maximum output power for inter-band CA
Power class 3 is assumed for UL CA_n5-n8.
[bookmark: _Toc109047247][bookmark: _Toc120543081]5.1.3.2	UE co-existence studies
Table 5.1.3.2-1 lists Band n5 + Band n8 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis.
Table 5.1.3.2-1: Band n5 and Band n8 UL IMD products with frequency range restriction
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	835
	904
	915

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	69
	91
	1728
	1750

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	733
	766
	973
	1006

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	2552
	2585
	2632
	2665

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	1557
	1601
	1877
	1921

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	3376
	3420
	3536
	3580

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|

	IMD frequency limits (MHz)
	182
	138
	3456
	3500

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	2836
	2781
	2436
	2381

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	1097
	1042
	697
	642

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	4440
	4495
	4200
	4255

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	4360
	4415
	4280
	4335



[bookmark: OLE_LINK8]Based on Table 5.1.3.2-1, there is no IMD issue for CA_n5-n8 with the following frequency range restriction. 
n5	UL: 824 MHz – 835 MHz	DL: 869 MHz – 880 MHz; 
n8	UL: 904 MHz – 915 MHz	DL: 949 MHz – 960 MHz.
Table 5.1.3.2-2 lists the protected bands required for the 2UL bands CA configuration.
Table 5.1.3.2-2: Protected bands for the 2UL bands CA configuration
	NR CA Configuration
	Spurious emission 

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

	CA_n5-n8
	E-UTRA Band 1, 28, 31, 34, 38, 40, 45, 50, 51, 65, 73, 74
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 7, 41, 42, 43, 52
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 8
	FDL_low
	-
	FDL_high
	-50
	1
	4

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3

	NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned NR carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2 MHz + N x LCRB x 180kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.
NOTE 3:	Applicable when co-existence with PHS system operating in 1884.5 -1915.7 MHz
NOTE 4:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.



[bookmark: _Toc109047248][bookmark: _Toc120543082]5.1.3.3	REFSENS requirements
FFSBased on the assumption of restricted frequency range for CA_n5-n8, there is no MSD issue due to intermodulation interference. 2UL Cross-band MSD may be needed.
5.1.4	Feasible RF implementations
Referring to clause 5.1.0 and 5.1.1 UE RF architecture assumption, it can be observed that two sets of different RF implementations are included currently: 
One is full band n5 and n8 RF filters implementation.
Another one is dedicated RF filters implementation with partial frequency range.
These two implementation may have different RF requirements and scheduling restriction. In study phase, we list all the implementations on the table and further trade off each implementation as below.
Table 5.1.4-1: Trade-off between the feasible RF implementations.
	Type of implementation
	Options
	Pros
	Cons

	Full band n5 and n8 RF filters implementation
	Option 1
	1. Current RF components can be reused easily.
2. The same RF filters can support both single carrier operation and CA operation.
3. UE cost may not be improved too much.
	1. UL_n5-n8 can’t be supported. Only DL_n5-n8_UL_n5 can be supported.

	
	Option 2
	1. Current RF components can be reused easily.
2. The same RF filters can support both single carrier operation and CA operation.
3. UE cost may not be improved too much.
4. Compared to option 1, DL_n8_UL_n5-n8 can be supported additionally.

	1. Non-concurrent n5 DL and n8 UL limiting DL throughput
2. At least one additional n8 RX filter is required compared to option 1
3. There may be RF additional performance impacts caused by managing the non-concurrency between n5DL and n8UL
4. Potential impacts on RAN2 are observed

	dedicated RF filters implementation with partial frequency range
	Option 3
	1. DL_n5-n8_UL_n5-n8 can be supported by UE within partial frequency range. Operators’ demands can be met.
2. There is no scheduling restriction for CA operation, but the specific partial frequency range.
	1. At least, but not necessary limited to one n8 UL dedicated filter with UL partial frequency range need to be developed for this specific CA operation.
2. n5 RX filtering may be impacted to avoid n8 UL at 904-914 blocking n5RX   
3. Dedicated filter and full band filter need to be switched between single carrier operation and CA operation.


As all the implementations are not excluded and UE can support them optionally, a solution is needed to further distinguish these different implementations. The following options can be further discussed.
· Option 1: New bands would be required.
· Option 2: New bands would not be required. An optional signalling/capability solution can be designed for the BS and UE to distinguish these different implementations.
· Option 3: Other are not precluded.


<<End of Change>>
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