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1 Introduction

In RAN4#72-bis, it was raised that in [1],

Proposal 2:  The allowed relaxation for the related bands in a device supporting both an A2 combination requiring a harmonic filter and an overlapping low-low combination requiring a multiplexer is FFS.
As highlighted in yellow, it is quite meaningful problem statement because it affects requirements on TIB and RIB.
In this contribution, we discuss statement above on CA_1A-18A-28A.  

2 Background
In RAN4#70-bis, UE reference architecture for CA_1A-18A-28A was approved in [2].  Block diagram from the contribution is referred below again. 
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Figure 2-1: UE Reference Architecture for CA_1A-18A-28A (revisit of [2] R4-142553)
Assumption of this WI is;
· Use [Band 18 + Band 28L] Quad for CA operations of CA_18A-28A and CA_1A-18A-28A

· Use Band 28 DUP for Band 28 single band operation

· Use Band 18 DUP for Band 18 single band operation
However, for fallback modes (CA_1A-18A, CA_1A-28A), it is not clear enough which filter will be used.  So as a rapporteur, we would like to clarify and propose specification.
3 Discussion
In this section, we clarify which filters are used in fallback modes and CA_1A-18A-28A.
3.1 Band 1 + Band 18 CA operation
Slightly modified figure is shown below;
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Figure 3.1-1: Filter usage on CA_1A-18A
We assume to use Band 1 DUP and Band 18 DUP for CA_1A-18A operation as red-lined in Figure 3.1-1.  Because [Band 18 and Band 28L] Quad (QP) is expected to show poorer performance than that of Band 18 DUP, there is no reason to use QP in this fallback mode.
Observation 1: Band 1 DUP and Band 18 DUP will be used in CA_1A-18A fallback mode.
3.2 Band 1 + Band 28 CA operation
Slightly modified figure is shown below again;
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Figure 3.2-1: Filter usage on CA_1A-28A
We assume to use Band 1 DUP and Band 18 DUP for CA_1A-18A operation as blue-lined in Figure 3.2-1.  The reason why QP is not used is absolutely same context in section 3.1, namely, Band 28 DUP shows better performance than that of QP.  Another reason why we cannot use QP is that QP only supports specific frequency range of Band 28 (UL/DL = 703 – 733/758 – 788 MHz).  This QP cannot support whole range of Band 28.
Observation 2: Band 1 DUP and Band 28 DUP will be used in CA_1A-28A fallback mode.  QP cannot support full frequency range of Band 28.
3.3 Band 1 + Band 18 + Band 28 CA operation
Let’s take a look at B1+B18+B28 CA operation.
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Figure 3.3-1: Filter usage on CA_1A-18A-28A
We assume to use Band 1 DUP and QP for CA_1A-18A-28A operation as blue-lined in Figure 3.3-1. As well-known in RAN4, Band 18 has been operated only by KDDI in the world. This means that QP is never used by other than KDDI.  Regarding 3rd harmonic issue, frequency range of KDDI is as follows;
· Part of Band 28: UL/DL = 718 – 728/773 – 783 MHz.

· 3rd harmonic of 700MHz UL made by KDDI spectra = 2154 – 2184 MHz

· Part of Band 1: UL/DL = 1920 – 1940/2110 – 2130 MHz.

As one can understand that 3rd harmonic issue never happens in KDDI spectra.  Therefore, HTF is NOT required when CA_1A-18A-28A is operated.

Observation 3: If HTF is needed, inserting after Band 28 DUP is appropriate. HTF after QP is not necessary because,
· Band 18 has been operated only by KDDI in the world.

· QP will not be used by other than KDDI.

· KDDI’s frequency assignments in Band 1 and Band 28 do NOT have 3rd harmonic issues.

· HTF is not needed after QP.  This is similar handling as approved in CA_26A-41A.
Proposal 1: Considering Observation 1 ~ 3, HTF after QP is not needed for CA_1A-18A-28A.  If HTF is essential for CA_1A-28A operation, inserting after Band 28 DUP is appropriate.
Proposal 2: Based on Proposal 1, TP for TR36.xxx should be also approved.
4 Conclusion
In this contribution, we have clarified that which filters will be used in CA_1A-18A-28A and its fallback mode CA_1A-18A, CA_1A-28A and CA_18A-28A.  We found three important observations in Section 3.1, 3.2 and 3.3.  Then, we propose,
Proposal 1: Considering Observation 1 ~ 3, HTF after QP is not needed.  If HTF is essential for CA_1A-28A operation, inserting after Band 28 DUP is appropriate.

Proposal 2: Based on Proposal 1, TP for TR36.xxx should be also approved.
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6 TP for TR36.xxx
<Start of TP>
<Unchanged Section Omitted>
6.XX
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 18 and Band 28
6.XX.1
Operating bands for CA


Table 6.XX.1-1: 3DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_1-18-28
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	

	
	28
	703 MHz
	–
	733 MHz
	758 MHz
	–
	788 MHz
	


6.XX.2
Channel bandwidths per operating band for CA

Table 6.XX.2-1: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_1A-18A-28A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	45
	0

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	
	28
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	18
	
	
	Yes
	Yes
	Yes
	
	
	

	
	28
	
	
	Yes
	Yes
	
	
	
	


<Unchanged Section Omitted>

6.XX.3.2
For the UE

Table 6.XX.3.2-1 gives the 2nd and 3rd harmonic for CA with B1+ B18 + B28. For UE coexistence the single UL is already considered for these bands in TS 36.101.

Table 6.XX.3.2-1: UE harmonic table for 3DLs/1UL
	
	
	
	
	
	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

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940

	18
	815
	830
	860
	875
	1630
	1660
	2445
	2490

	28
	703
	733
	758
	788
	1406
	1466
	2109
	2199


6.XX.4
ΔTIB,c and ΔRIB,c
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.XX.4-1.
Table 6.XX.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-18A-28A
	1
	0.3

	
	18
	0.8

	
	28
	0.8


For the UE which supports inter-band carrier aggregation configuration in Table 6.XX.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.XX.4-2 for the applicable E-UTRA bands.
Table 6.XX.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_1A-18A-28A
	1
	0

	
	18
	0

	
	28
	0


<End of TP>
Insertion of HTF is FFS in another WI





If HTF is needed, inserting here is appropriate





HTF here is NOT required because 3rd harmonic issue never occurs in KDDI’s NW








