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1.  Introduction

The inter-band CA of B8+B28 (2DL/1UL) was postponed from REL-13 due to an antenna performance issue [1] and approved again as REL-14 item in the basket WI [2]. Since studies conducted during REL-13 are still largely valid, this paper summarizes those studies with some updates to formulate text proposal for REL-14 and gives further considerations to outstanding issues.
2.  BS and UE co-existence
The co-existence part can largely be reused but needs to consider new bands in REL-13, i.e. Band 65-67 and 45-46. Thus these new bands are added to REL-13 results shown in below and Annex. Note that the new bands subject to co-existence consideration are indicated in RED.
Also as agreed in REL-13, this combination is in category A3, Low-Low or High-High without harmonic relation. 
************************ Modified REL-13 Text Proposals *******************************

As shown in table 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 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


For BS, 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 2 below:

Table 2: 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 2 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, 9,10 and 66  

· 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 2.
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, 30 and 66 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 it could be expected 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 and 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 and 41 BS receiver.
3.  Updated results of B8/B28 quadplexers
Thanks to the delay, Vendor B’s results are updated based on TC-SAW(Temperature Compensated - SAW) type duplexer in Band 8. As a consequence, all the listed vendors now assume TC-SAW in Band 8. (Note that Vendor A and D’s results remain unchanged as TC-SAW was assumed from the start.)
Table. 3  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
	0.9
	0.7
	0.93
	[+0.4dB for Switch?]

	
	Band 8 Rx
	1.4
	0.9
	0.6
	0.97
	[+0.4dB for Switch?]

	
	Band 28A Tx
	0.4
	 0.6
	0.6
	0.53
	

	
	Band 28A Rx
	0.9
	1.0
	0.5
	0.8
	

	Isolation
	Band 8 Tx -> Rx
@ Band 8 Tx
	53
	55
	50
	
	

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

	
	Band 28A Tx -> Rx
@ Band 28A Tx
	55
	54
	50
	
	

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

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

	
	Band 8 Tx to Band 28A Rx
@ B28A Rx
	42
	51
	50
	
	

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

	60
	55
	
	

	
	Band 28A Tx to Band 8 Rx
@ B8 Rx
	40
	55
	50
	
	


                                                                                                                                            Note : all the values are under ETC.

Table. 4   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
	0.9
	0.7
	0.93
	[+0.4dB for Switch?]

	
	Band 8 Rx
	1.4
	0.9
	0.6
	0.97
	[+0.4dB for Switch?]

	
	Band 28B Tx
	0.6
	1.0
	0.6
	0.73
	

	
	Band 28B Rx
	0.7
	 1.0
	0.4
	0.7
	

	Isolation
	Band 8 Tx -> Rx
@Band 8 Tx
	53
	55
	50
	
	

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

	
	Band 28B Tx -> Rx
@ Band 28B Tx
	55
	56
	50
	
	

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

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

	
	Band 8 Tx to Band 28B Rx
@ B28B Rx
	44
	51
	50
	
	

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

	
	Band 28B Tx to Band 8 Rx
@ B8 Rx
	43
	55
	50
	
	


                                                                                                                             Note : all the values are under ETC.

4.  Outstanding issues and proposals
There are items which have not been agreed in REL-13. Some thoughts/proposals are given to these items in this section. 
4.1 Handling of antenna performance issue
As reported in [1], in general, current antenna implementations are not always capable of receiving B8 and B28 simultaneously with sufficient quality: B28 as Pcell might experience serious (10-20dB) antenna gain degrade in B8 Rx while B8 as Pcell could be better (several dB loss in antenna gain) in B28 Rx. It sounds like practical to limit Pcell as Band 8 and use Band 28 for Scell. (Note that this defeat doesn’t appear in conductivity testing.)
After Malta meeting, some UE vendors suggest that, for B8+B28 CA, antennas could be tuned somewhere in the middle of B8 and B28: such tuning might give penalty of some dB loss both on B8 and B28. This implies that while CA is configured, Pcell performance would be compromised somewhat but CA can be offered. 

We are not sure whether antenna performance of low band will be improved in the future to permit B28 Pcell in this CA. In addition, UE performance including antennas is currently out of scope of 3GPP requirements/tests but might be defined in the context of MIMO-OTA or TRP/TRS in the long run. So it is uncertain if we can check/ensure in 3GPP activity to what extent B8/B28 as Pcell could work with adequate performance.

All in all, our current status is:
1) There are a couple of possible antenna implementations to make the CA happen.
2) However, these implementations would anyway introduce some losses in Pcell, Scell or both.
3) 3GPP at present is impossible to check/limit implementations since antenna implementations are out of scope. (Note: Limiting Pcell to Band 8 could be one way but we cannot check whether the antenna implementation is suited for the limitation. We can simply hope that UE vendors go rational ways.)

4) We are not sure whatever happens to around this issue in the future.

Then, it seems that all we can do is to leave it up to implementation. Thus,
[Proposal - 1] In 3GPP standard, no limit should be put on which band to be Pcell, i.e. both Band 8 and Band 28 can be Pcell.
Note again that this proposal does not give any impacts to conductive testing.
4.2 Handling of the switches in Band 8 paths
Since Band 28 is assumed to employ dual duplexers, Band 8 Tx and Rx need to implement switches to select B28A and B28B duplexer for supporting the CA of B8_B28. With this, additional IL is increased by 0.3 – 0.4dB in ETC condition. On the other hand, some implementations have already had switches between duplexers and PA/LNA to share the amplifiers among plural bands (mainly to reduce footprint/BOM). Author’s understanding is that such a switch was not counted in on Band 65 REFSENS/MOP despite switching filters would be needed between Band 1 and Band 65. In addition, CA is a relatively high-end capability then a vendor won’t choose traditional “amplifier per band” architecture in reality. Thus we proposed to eliminate the loss of switches from ∆TIB and ∆RIB calculation.
While we prefer to eliminate those switches from additional IL calculation, it is fair to hear the opinions of the room.
 [Proposal-2] Additional IL of switches in Band 8 paths to select B28A/B28B are eliminated from ∆TIB and ∆RIB calculation.
4.3 Finalization of ∆TIB and ∆RIB
As discussed in [3], there are two different ways to derive ∆RIB from Rx average IL. Aiming at somewhere in the middle of practices so far, it is again 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 worse of the two as Tx = 0.73dB and Rx = 0.8dB. So 
Table 5: TIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_8A-28A
	8
	 0.6 = (0.93/2)+0.1

	
	28
	0.5 = (0.73/2)+0.1


Table 6: RIB,c 
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_8A-28A
	8
	0.2 = (0.97-0.6)/2

	
	28
	0.1 = (0.8-0.6)/2


[Proposal-3] ∆TIB and ∆RIB as per Table 5 and 6 are proposed for B8+B28.

5.  Conclusion
This paper is to summarize studies so far to create text proposals and discuss some outstanding issues. Proposals are:
[Proposal - 1] In 3GPP standard, no limit should be put on which band to be Pcell, i.e. both Band 8 and Band 28 can be Pcell.
[Proposal-2] Additional IL of switches in Band 8 paths to select B28A/B28B are eliminated from ∆TIB and ∆RIB calculation.
[Proposal-3] ∆TIB and ∆RIB as per Table 5 and 6 are proposed for B8+B28.
Text proposal is shown in Annex. The current text proposal captures less controversial subjects only (basic schemes and co-ex.) and portions relevant to section 4 are left as TBD. The TP for these items will be submitted upon agreement. 
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[Unchanged Portions Skipped]
6.X
CA_8A-28A_BCS0

6.X.1
Operating bands for CA
Table 6.X.1-1: Inter-band CA 
	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.X.2

Channel bandwidths per operating band for CA

Table 6.X.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA 

	CA operating / channel bandwidth
	Bandwidth Combination Set

	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
	
	
	0

	
	28
	
	
	Yes
	Yes
	Yes
	Yes
	


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of TS 36.101 [6] when operating in single carrier mode.

6.X.3
Co-existence studies
The harmonic relations of Band 8 and Band 28 are calculated as Table 6.X.3-1.  It can be concluded that no harmful fall down toward DL bands of interest is observed.

Table 6.X.3-1: Impact of UL 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


Table 6.X.3-2: 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 6.X.3-2 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, 9,10 and 66  

· 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 2.

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, 30 and 66 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 it could be expected 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 and 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 and 41 BS receiver.

6.X.4
ΔTIB and ΔRIB values

[Fliter performance evaluation], [Switch issues]
For two simultaneous DL and only one UL, the (TIB,c and (RIB values are given in the tables below.
Table 6.X.4-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_8A-28A
	8
	[TBD]

	
	28
	[TBD]


Table 6.X.4-3: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_8A-28A
	8
	[TBD]

	
	28
	[TBD]


[6.X.5
Antenna related issues and Pcell limitation]
[Text to be added]
[Unchanged Portions Skipped]
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