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1.  Introduction

Background - SK Telecom has deployed LTE network of band 3 and band 5 with national-wide coverage and started deployment of band 1 from 7th May 2014 as shown in [7]. So the standardization of 3 band CA is very urgent to SK Telecom considering commercialization schedule and some values are included without enough discussion. These values can be modified during this meeting according to the agreed values of band 1+3 CA.
This contribution is a text proposal for TR 36.853, technical report for “3 Band Carrier Aggregation (3DL/1UL)” [1]. This contains the analysis of insertion loss and proposed relaxation values for LTE_CA_B1_B3_B5. 
In RAN4 #70bis meeting, a way forward on band 1+3 CA was agreed in [3] as 
· 1st priority: Group to focus on filter/quadplexer design optimized for 1+3 with both UL possible

· 2nd priority: If after the study 40MHz gap resulted in an unacceptable filter design, a big enough gap or UL RB restrictions could be a solution to minimize interference with lower insertion losses

So first we investigate the insertion loss of the optimized quadplexer from one vendor and the relaxation values from the insertion loss. 
At this moment, there is no consensus on the 2nd priority approach such as the separation gap or RB restriction. And if the IL and relaxation values of band 1+3 CA are agreed during the meeting, the content of 3 CA of band 1+3+5 can be updated. 
2. Analysis
For 3 band CA of band 1+3+5 combination, the UE architecture requires a quadplexer in band 1+3. Table 1 shows example insertion loss(IL) values and additional IL values were calculated by comparison with legacy duplexer IL values. 
Table 1: Additional IL for Band 1+3 Quadplexer
	E-UTRA bands
	(1)

Duplexer IL of CA_B1_B5

(in dB)
	(2)

Duplexer IL of CA_B3_B5

(in dB)
	(3)

Quadplexer IL of CA_B1_B3_B5

(in dB)
	(4)

Additional IL of quadplexer 

(in dB )

	Band 1 Tx
	1.50
	-
	2.60
	1.10

	Band 1 Rx
	1.70
	-
	2.70
	1.00

	Band 3 Tx
	-
	1.90
	2.50
	0.60

	Band 3 Rx
	-
	2.70
	3.60
	0.90

	Band 5 Tx
	1.20
	1.20
	-
	-

	Band 5 Rx
	1.70
	1.70
	-
	-


Vodafone also proposed the additional IL values in [6] in RAN4 #70bis meeting. The values were averaged and relaxation values were derived considering further optimization.(less than ‘shared pain’)
During RAN4 #71 meeting, there was some discussion on CA of band 1+3 and the way forward [9] showed 0.2~0.7 dB for (TIB,C  and 0.0dB for (RIB,C. 
Table 2: Average Additional IL and Relaxation
	E-UTRA bands
	Additional IL from Table 1
(in dB )
	Additional IL from [6]
(in dB)
	Average

Additional IL
	Additional Relaxation
	Relaxation

in B1+3 WF [9]

	Band 1 Tx
	1.10
	0.70
	0.90
	[0.20]
	0.2~0.7

	Band 1 Rx
	1.00
	0.50
	0.75
	0.00
	0.0

	Band 3 Tx
	0.60
	0.65
	0.63
	[0.10]
	0.2~0.7

	Band 3 Rx
	0.90
	0.60
	0.75
	0.00
	0.0

	Band 5 Tx
	-
	
	
	
	

	Band 5 Rx
	-
	
	
	
	


Relaxation values for Tx can be derived by the sum of legacy 2 band CA relaxation values which are already defined in TS 36.101 and additional relaxation values (quadplexer overhead compared to duplexer) in Table 2. The result is shown in Table 3.
Table 3: Proposed (TIB,C 
	Inter-band CA configurations
	E-UTRA Band
	(TIB,C [dB]
	Note

	CA_1A-3A
	1
	FFS
	From B1+3 WF [9]

	
	3
	FFS
	From B1+3 WF [9]

	CA_1A-5A
	1
	0.3
	from TS 36.101

	
	5
	0.3
	from TS 36.101

	CA_3A-5A
	3
	0.3
	from TS 36.101

	
	5
	0.3
	from TS 36.101

	CA_1A-3A-5A
	1
	FFS
	From B1+3 WF [9]

	
	3
	FFS
	From B1+3 WF [9]

	
	5
	0.3
	

	Note 1. The values in the brackets can be updated after band 1+3 CA discussion in RAN#71 meeting.


The additional IL for Rx is about 0.7dB. And there is enough margin in Rx performance, the relaxation values for Rx can be 0.0dB as most 2 band CA combinations. 

Table 4: Proposed (RIB,C 
	Inter-band CA configurations
	E-UTRA Band
	(RIB,C [dB]
	Note

	CA_1A-3A
	1
	FFS
	From B1+3 WF [9]

	
	3
	FFS
	From B1+3 WF [9]

	CA_1A-5A
	1
	0
	from TS 36.101

	
	5
	0
	from TS 36.101

	CA_3A-5A
	3
	0
	from TS 36.101

	
	5
	0
	from TS 36.101

	CA_1A-3A-5A
	1
	FFS
	From B1+3 WF [9]

	
	3
	FFS
	From B1+3 WF [9]

	
	5
	0
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6
3 Band Carrier Aggregation with single UL: band combination specific part

[Unchanged sections omitted]

6.12
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 3 and Band 5

[Unchanged sections omitted]
6.12.4
ΔTIB,c and ΔRIB,c values

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 6.12.4-1.
Table 6.12.4-1: 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-3A-5A
	1
	FFS

	
	3
	FFS

	
	5
	0.3


For the UE which supports inter-band carrier aggregation configuration in Table 6.12.4-2 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 6.12.4-2 for the applicable E-UTRA bands.
Table 6.12.4-2: 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-3A-5A
	1
	FFS

	
	3
	FFS

	
	5
	0


[Unchanged sections omitted]












