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1.  Introduction

This contribution is to propose ∆TIB and ∆RIB values based on RF filter simulation results from 3 vendors and the elimination of switches in Band 8 paths to finalize the WI. Relevant TP is also included. 

2.  Updated results of B8/B28 quadplexers
The tables below summarize simulation results of three RF filter 3 vendors. Added portions are indicated as yellow. Note that Vendor D assumes TC-SAW (Temperature Compensated) type of filter for Band 8 while Band 28 filters are conventional SAW and this could explain relatively better performance of additional ILs in ETC.

Table. 1  Simulation results on quadplexers for B8 and B28A (lower arm)
	
	
	Vendor A
	Vendor B
	Vendor D
	Average
	Note

	Additional IL
	Band 8 Tx
	1.2
	1.6
	0.7
	1.2 + 0.4
	+0.4dB for Switch

	
	Band 8 Rx
	1.4
	1.3
	0.6
	1.1 + 0.4
	+0.4dB for Switch

	
	Band 28A Tx
	0.4
	 0.8
	0.6
	0.6
	

	
	Band 28A Rx
	0.9
	1.2
	0.5
	0.9
	

	Isolation
	Band 8 Tx -> Rx
@ Band 8 Tx
	53
	48
	50
	50
	

	
	Band 8 Tx -> Rx
@ Band 8 Rx
	51
	55
	50
	52
	

	
	Band 28A Tx -> Rx
@ Band 28A Tx
	55
	50
	50
	52
	

	
	Band 28A Tx -> Rx
@ Band 28A Rx
	55
	50
	50
	52
	

	Cross-band
Isolation
	Band 8 Tx to Band 28A Rx
@ B8 Tx
	55
	60
	55
	57
	

	
	Band 8 Tx to Band 28A Rx
@ B28A Rx
	42
	52
	50
	48
	

	
	Band 28A Tx to Band 8 Rx
@ B28A Tx
	55

	55
	55
	55
	

	
	Band 28A Tx to Band 8 Rx
@ B8 Rx
	40
	60
	50
	50
	


                                                                                                                                            Note : all the values are under ETC.

Table. 2   Simulation results on quadplexers for B8 and B28B (upper arm)
	
	
	Vendor A
	Vendor B
	Vendor D
	Average
	Remark

	Additional
IL
	Band 8 Tx
	1.2
	1.6
	0.7
	1.2 + 0.4
	+0.4dB for Switch

	
	Band 8 Rx
	1.4
	1.3
	0.6
	1.1 + 0.4
	+0.4dB for Switch

	
	Band 28B Tx
	0.6
	1.2
	0.6
	0.8
	

	
	Band 28B Rx
	0.7
	 1.3
	0.4
	0.8
	

	Isolation
	Band 8 Tx -> Rx
@Band 8 Tx
	53
	48
	50
	50
	

	
	Band 8 Tx -> Rx
@ Band 8 Rx
	51
	55
	50
	52
	

	
	Band 28B Tx -> Rx
@ Band 28B Tx
	55
	50
	50
	52
	

	
	Band 28B Tx -> Rx
@ Band 28B Rx
	55
	50
	50
	52
	

	Cross-band 
Isolation
	Band 8 Tx to Band 28B Rx
@ B8 Tx
	55
	60
	55
	57
	

	
	Band 8 Tx to Band 28B Rx
@ B28B Rx
	44
	49
	50
	48
	

	
	Band 28B Tx to Band 8 Rx
@ B28B Tx
	55
	60
	55
	57
	

	
	Band 28B Tx to Band 8 Rx
@ B8 Rx
	43
	58
	50
	50
	


                                                                                                                             Note : all the values are under ETC.

In addition, as proposed in [2], we would like to standardize this pair based on consideration that the expected performance losses based upon typical data can be accommodated. Table. 3 shows final average IL in typical condition only for reference. 

Table. 3   Averaged additional insertion losses under typical condition (for reference)
	
	B8 Tx
	B8 Rx
	B28A Tx
	B28A Rx
	B28B Tx
	B28B Rx

	Additional IL (typ)
	0.87
	0.93
	0.60
	0.43
	0.60
	0.43


3.  Consideration and Proposals
3.1 Consideration to reduce IL
Switches in B8 path were discussed in [2]. In practical implementations, it is quite likely that there are switches in current architectures to select a (portion of) band and the switches can be utilized for selecting B28A/B28B in B8+B28 CA context. Although excluding IL for switches might give up a chance to support this CA combination adding external switches at least in theory, it is proposed to eliminate the switches in B8 paths to reduce IL. Then current TP is to be modified not to include extra switches for consideration of relaxation.

[Proposal-1] Switches in Band 8 paths are proposed to be eliminated to reduce IL.
3.2 ∆TIB and ∆RIB
With proposal-1 and simulation results above, average ILs in ETC are as below:

Table. 4   Averaged additional insertion losses under ETC
	
	B8 Tx
	B8 Rx
	B28A Tx
	B28A Rx
	B28B Tx
	B28B Rx

	Additional IL(ETC)
	1.2
	1.1
	0.6
	0.9
	0.8
	0.8


To check what we have done/agreed, Table 5 below is a summary of average IL and agreed values so for the cases that ∆TIB and ∆RIB derivation was required, based upon TS36.101 v13.0.0. The list may not be exhaustive since CA pairs are picked up only when average ILs are also mentioned in the relevant TRs, not going down to individual contribution. 
Table 5: Relation between average IL and ∆TIB and ∆RIB in 1UL/2DL cases 
	CA Pair
	Tx Average IL
	∆TIB
	Rx Average IL
	∆RIB

	
	Small BN
	Big BN
	Small BN
	Big BN
	Small BN
	Big BN
	Small BN
	Big BN

	1+7
	0.8
	1.07
	0.5
	0.6
	0.7
	0.9
	0
	0

	2+30
	1.0
	0.6
	0.5
	0.3
	0.8
	1.0
	0.4
	0.5

	3+7
	0.77
	0.82
	0.5
	0.5
	0.77
	0.82
	0
	0

	5+12
	1.1
	0.6
	0.8
	0.4
	1
	0.8
	0.5
	0.3

	5+17
	1.1
	0.6
	0.8
	0.4
	1
	0.8
	0.5
	0.3

	8+20
	0.75
	0.78
	0.4
	0.4
	0.8
	0.76
	0
	0


 BN : Band Number
There are clear trends/differences between Region 1(yellow) and Region 2 CAs. A visible difference is in Rx side: Region 1 CAs require no Rx relaxation even for Rx average IL around 0.9dB while Region 2 pairs permit 0.3 – 0.5dB tolerances for similar cases. Concerning Tx side, the relaxation is similar comparing to Rx, half of average IL or slightly higher. 
So we can say that in Rx at least, there are two different ways to derive ∆RIB from Rx average IL. Aiming at somewhere in the middle of Region 1 and Region 2 practices, it is proposed to use the formulas: 

∆TIB = (Average Tx)/2 + 0.1  

∆RIB = (Average Rx – 0.6)/2 

Because B28 performance should be defined in a unified form instead of B28A and B28B separately, we have to take the worst of the two as Tx = 0.8dB and Rx = 0.9dB. So 
Table 6: TIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8A-28A
	8
	 0.7 = (1.2/2)+0.1

	
	28
	0.5 = (0.8/2)+0.1


Table 7: RIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_8A-28A
	8
	0.3 = (1.1-0.6)/2

	
	28
	0.2 = (0.9-0.6)/2


[Proposal-2] ∆TIB and ∆RIB as per Table 6 and 7 are proposed for B8+B28.
Relevant TP is included in Annex.
4.  Conclusion
This paper proposes ∆TIB and ∆RIB and relevant TPs for B8+B28. Essential proposals are:
[Proposal-1] Switches in Band 8 paths are proposed to be eliminated to reduce IL.
[Proposal-2] ∆TIB and ∆RIB as per Table 6 and 7 are proposed for B8+B28.

Upon agreements of figures above, B8+B28 and 1UL/3DL CAs including this pair as a subset (CA_B1_B8_B28 and CA_B3_B8_B28) can also be concluded [3], [4] reflecting the relaxation values above. 
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6.3.5
LTE-Advanced Carrier Aggregation of Band 8 and Band 28 (1 UL)

Table 6.3.5-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	Channel BW (MHz)
	BS transmit / UE receive
	Channel BW (MHz)
	

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_8-28
	8
	880 MHz
	–
	915 MHz
	3, 5, 10
	925 MHz
	–
	960 MHz
	3, 5, 10
	FDD

	
	28
	703 MHz
	–
	748 MHz
	5, 10, 15, 20
	758 MHz
	–
	803 MHz
	5, 10, 15, 20
	


6.3.5.1

List of specific combination issues

6.3.5.1.1
Channel bandwidths per operating band for CA

Table 6.3.5.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_8A-28A
	8
	
	Yes
	Yes
	Yes
	
	

	
	28
	
	
	Yes
	Yes
	Yes
	Yes


6.3.5.1.2
Co-existence studies for CA_8-28
As shown in table 6.3.5.1.2-1, the harmonic frequencies of Band 8 and Band 28 in UL are away from the receive bands of interest in the DL and therefore we can conclude that there is no issue on harmonic interference.

Table 6.3.5.1.2-1: Impact of UL/DL Harmonic Interference
	
	
	
	
	
	2nd  Harmonic
	3rd  Harmonic
	2nd  Harmonic
	3rd Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	1850
	1920
	2775
	2880

	28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	1516
	1606
	2109
	2244


6.3.5.1.2.1
Co-existence studies for 1 UL/2 DL

The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 8 and Band 28 DL carriers can be calculated as shown in Table 6.3.5.1.2.1-1 below:

Table 6.3.5.1.2.1-1: Band 8 and Band 28 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	758
	803
	925
	960

	2nd order harmonics frequency range (MHz)
	1516
	1606
	1850
	1920

	3rd order harmonics frequency range (MHz)
	2274
	2409
	2775
	2880

	2nd order IMD products
	|f2_low – f1_high|
	|f2_high – f1_low|
	|f2_low + f1_low|
	|f2_high + f1_high|

	IMD frequency limits (MHz)
	122
	202
	1683
	1763

	3rd order IMD products
	|f2_high – 2*f1_low|
	|f2_low – 2*f1_high|
	|2*f2_low – f1_high|
	|2*f2_high – f1_low|

	IMD frequency limits (MHz)
	556
	681
	1047
	1162

	3rd order IMD products
	|2*f1_low + f2_low|
	|2*f1_high + f2_high|
	|2*f2_low + f1_low|
	|2*f2_high + f1_high|

	IMD frequency limits (MHz)
	2441
	2566
	2608
	2723

	3rd order IMD products
	|f1_low – f2_high + f2_low|
	|f1_high + f2_high – f2_low|
	|f2_low – f1_high + f1_low|
	|f2_high + f1_high – f1_low|

	IMD frequency limits (MHz)
	723
	838
	880
	1005

	3rd order IMD products (with maximum channel bandwidth)
	(f1_low – f2_BWmax)
	(f1_high + f2_BWmax)
	(f2_low – f1_BWmax)
	(f2_high + f1_BWmax)

	IMD frequency limits (MHz)
	748
	813
	905
	980


It can be seen from table above that:

-
the 2nd harmonics of BS transmitting in Bands 8 and 28 may fall into the BS receive band of Bands 2, 25, 33, 35, 37 and 39,

-
the 3rd harmonics may fall into Band 30 and 40

-
the 2nd IMD products may fall into the BS receive band of Bands 3, 4, 9 and 10,  

-
the 3rd IMD products may fall into the BS receive band of Bands  5, 6, 7, 8, 13, 14, 18, 19, 20, 26, 27, 28, 38, 41 and 44, 

assuming (except the last row) the whole 35MHz DL frequency of Band  8 and the whole 45 MHz DL frequency of Band 28.

If the BS is only transmitting up to 10 MHz DL in Band 8 and 20MHz DL in Band 28 as stated in the WID, then the 3rd IMD products will not fall into the BS receive band of Band 5, 6, 18, 19, 20, 26 and 28 as shown in the last row in table 4.

In terms of fall down to own BS receive band, special care must be taken for the case that one of three tone IMDs falls to Band 8 UL region. In addition, another three tone IMD may fall down next to Band 28 UL region, though not directly. Checking Band 8 fall down, affected BS receive portion is the upmost 10MHz (905- 915MHz) while BS transmit portion to generate the relevant IMD3 is the lowest 10MHz (925- 935MHz), assuming Band 28 bandwidth as 20MHz. So this only happens when a BS operates the lowest and the highest 10MHz of Band 8 simultaneously. Similar analysis can be made for proximate fall down of Band 28 and it can be concluded that risk, if any, is limited to the case when a BS operates the lowest and the highest Band 28 at the same time.

It should be noted that Bands 2, 4, 10, 13, 14, 25 and 30 are not intended for use in the same geographical area as Bands 8 and 28. In addition, co-existence between Band 28 and Band 44 is unlikely as Band 44 is TDD variant of APAC-700 spectrum then could expect that the deployment of Band 28 and 44 is mutually exclusive. Therefore, the focus here will be on the harmonics and IMD falling into Bands 3, 7, 9, 27, 33, 35, 37, 38, 39, 40 and 41.

With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the IMD interference generated within the Band 3, 7, 9, 27, 33, 35, 37, 38, 39, 40 or 41 receiver would be well below the receiver noise floor eliminating the possibility of receiver desensitization, provided that Bands 8 and 28 BS transmitters do not share the same antenna with  Band 3, 7, 9, 27, 33, 35, 37, 38, 39, 40 or 41 BS receiver.

6.3.5.1.3
∆TIB and ∆RIB values

For L-L CA combination, normally a quadplexer is employed to combine/separate two frequencies of interest.  But for this case, since Band 28 assumes dual duplexers, two quadplexers are needed. The scheme is shown in Figure 6.3.5.1.3-1 with comparison of single band architecture. It should be noted that Band  8 Tx/Rx path also needs a switch (indicates as yellow) to select two quadplexers.

Figure 6.3.5.1.3-1: Band 8 and Band 28 UE reference architecture
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In the course of discussion, however, it was proposed that the extra switches in Band 8 paths can be eliminated in the consideration of relaxation because it is quite likely for a current UE architecture to have switch ports to be used for this purpose. Then evaluation below excludes switch loss in Band 8 paths. 
To determine relaxation values, RF filter simulations are conducted by 3 vendors. The expected additional insertion losses and average over the vendors are as below: 
Table. 6.3.5.1.3-1   Additional insertion losses under ETC
	
	B8 Tx
	B8 Rx
	B28A Tx
	B28A Rx
	B28B Tx
	B28B Rx

	Vendor A
	1.2
	1.4
	0.4
	0.9
	0.6
	0.7

	Vendor B
	1.6
	1.3
	0.8
	1.2
	1.2
	1.3

	Vendor C
	0.7
	0.6
	0.6
	0.5
	0.6
	0.4

	Average IL
	1.2
	1.1
	0.6
	0.9
	0.8
	0.8


Note that Vendor C assumes TC(Temperature Compensated) - SAW type filter for Band 8 while the rest assume conventional SAW filters to configure a quadplexer. Comparing the values with agreements in the past, following formulas are proposed to determine ∆TIB and ∆RIB: 


∆TIB = (Average Tx)/2 + 0.1  

∆RIB = (Average Rx – 0.6)/2
In addition, B28 relaxation should be defined as a single value, not for B28A and B28B individually and this implies the worst values should be selected for B28, i.e. 0.8dB for B28 Tx and 0.9dB for B28 Rx.Thus, following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 8 and Band 28.

Table 6.3.5.1.3-2: TIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8A-28A
	8
	0.7

	
	28
	0.5


Table 6.3.5.1.3-3: RIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_8A-28A
	8
	0.3

	
	28
	0.2
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