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1. Introduction
In the RAN4#73UE RF Adhoc meeting, the relaxation values for CA_21A-42A were discussed based on the triplexer characteristics whose middle range includes 1.5GHz bands [1]. During the discussion, the following agreements were endorsed.
· Introduction of triplexer including 1.5GHz bands should not impact specifications for bands other than 1.5 GHz.

· The required relaxation values of Band 42 for MOP lower tolerance should be [0.8] dB.
· The required relaxation values of Band 42 for REFSENS should be [0.5] dB.
On the other hand, the relaxations for Band 21 for CA_21A-42A need to be further discussed. In this contribution, we provide more analysis on the triplexer and finally propose the relaxation values for this CA combination.

2. Triplexer characteristics
In [1], we provided the triplexer characteristics including 1.5GHz bands as Table 1.
Table 1: Triplexer data with 1.5GHz band from three device vendors (ETC)
	Vendor
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960 MHz
	1427.9-1510.9
	1710-1920
	1920-2496
	2496-2690
	3400 MHz ~

	A
	ETC
	0.8
	1.15
	0.7
	0.7
	1.2
	1.2

	B
	ETC
	0.6
	0.95
	0.65
	0.65
	0.80
	1.0

	C
	ETC
	0.65
	1.05
	0.80
	0.80
	0.95
	1.2

	Ave
	ETC
	0.68
	1.05
	0.72
	0.72
	0.98
	1.13


Note: Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
Based on the result, we proposed the following relaxations for CA_21A-42A.
· Band 21 MOP lower tolerance: 0.5dB

· Band 21 REFSENS: 0dB

However, there was a concern that these proposed values are too aggressive considering the insertion loss of 1.05dB at ETC. Following the concern, we would provide more detail of the insertion loss of the triplexers in Table 2. Note that these triplexers are identical to those of Table 1. The difference is the granularity of the middle band only.

Table 2: Triplexer data with 1.5GHz band from three device vendors(ETC)
	Vendor
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960
	1427.9-1447.9

(B11Tx)
	1447.9-1462.9

(B21Tx)
	1475.9-1495.9

(B11Rx)
	1495.9-1510.9
(B21Rx)
	1710-1920
	1920-2496
	2496-2690
	3400 ~

	A
	ETC
	0.8
	1.15
	1.05
	-
	0.95
	0.7
	0.7
	1.2
	1.2

	B
	ETC
	0.6
	0.95
	0.90
	0.85
	0.85
	0.65
	0.65
	0.80
	1.0

	C
	ETC
	0.65
	1.05
	1.0
	0.95
	0.90
	0.80
	0.80
	0.95
	1.2

	Ave
	ETC
	0.68
	1.05
	0.98
	-
	0.90
	0.72
	0.72
	0.98
	1.13


Note: Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
What we would like to mention from this table is that the insertion losses for Band 21 Tx and Band 21 Rx are actually smaller than that of Band 11 Tx which is the worst value (1.05dB) in the meddle band.
3. Relaxation proposals for Band 21
Based on Table 2, we propose the relaxation values for Band 21 as follows.
MOP lower tolerance
The additional insertion loss for Band 21 Tx is 0.98 dB at ETC from Table 2. We believe that it is reasonable that the required MOP lower tolerance relaxation of 0.5 dB based on the shared pain approach.
Proposal 1: The required relaxation value of Band 21 for MOP lower tolerance should be 0.5 dB.
REFSENS
The additional insertion loss for Band 21 Rx is 0.90 dB at ETC from Table 2. We think that the relaxation could be 0dB even if the additional insertion loss is 0.90 dB at ETC based on the following previous discussions on REFSENS.
· It was agreed to specify relaxation of REFSENS for low-low or high-high combination as 0dB regardless of the insertion loss of quadplexer [2], which could be interpreted as UE has much margin for REFSENS.
· According to TR 36.851, the additional insertion loss for Band 7 Rx for CA_1A-7A is 0.9dB at ETC nevertheless no relaxation is specified.

· That UE generally has sufficient margin for REFSENS was investigated by the measurement of several UEs in [3].
Therefore we propose no relaxation for Band 21 in this contribution.
Proposal 2: The required relaxation value of Band 21 for REFSENS should be 0 dB.

Proposal 3: TP for Rel-13 2DL TR 36.8xx described in section 4 should also be approved.
4. Text Proposal for Rel-13 2DL TR36.8xx
----- Unchanged sections omitted -----
Table 1-3: Release 13 inter-band carrier aggregation combinations (LTE TDD-FDD joint operation)

	WI code
	WI title
	Class

	LTE_CA_B1_B40
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 40
	-

	LTE_CA_B3_B40
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 40
	A3

	LTE_CA_B21_B42
	LTE Advanced inter-band Carrier Aggregation of Band 21 and Band 42
	A5

	LTE_CA_B25_B41_B41
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 25, Band 41 and Band 41
	-

	LTE_CA_25A_41C
	LTE Advanced inter-band DL Carrier Aggregation in Band 25A and Band 41C
	-


----- Unchanged sections omitted -----
7.2.X
LTE Advanced Carrier Aggregation of Band 21 and Band 42
Table 7.2.X-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_21-42
	21
	1447.9 MHz
	–
	1462.9 MHz
	5, 10, 15
	1495.9 MHz
	–
	1510.9 MHz
	5, 10, 15
	FDD

	
	42
	3400 MHz
	–
	3600 MHz
	5, 10,15, 20
	3400 MHz
	–
	3600 MHz
	5, 10, 15, 20
	TDD


7.2.X.1
List of specific combination issues
7.2.X.1.1
Channel bandwidths per operating band for CA
Table 7.2.X.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA
	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

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

	CA_21A-42A
	21
	
	
	Yes
	Yes
	Yes
	
	35
	0

	
	42
	
	
	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  when operating in single carrier mode.
7.2.X.1.2
Co-existence studies for CA_21-42
The harmonic frequencies do not fall into the frequency ranges of both bands as observed in table 7.2.X.1.2-1. Therefore we can conclude that there is no issue on harmonic interference.

Table 7.2.X.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

	1
	1447.9
	1462.9
	1495.9
	1510.9
	2895.8
	2925.8
	4343.7
	4388.7
	2991.8
	3021.8
	4487.7
	4532.7

	42
	3400
	3600
	3400
	3600
	6800
	7200
	10200
	10800
	6800
	7200
	10200
	10800


Table 7.2.X.1.2-2 shows the second and third order DL harmonics and intermodulation products when two simultaneous DLs are active in Band 21 and Band 42. 

Table 7.2.X.1.2-2: Band 1 and Band 42 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	1495.9
	1510.9
	3400
	3600

	2nd order harmonics frequency range (MHz)
	2991.8
	3021.8
	6800
	7200

	3rd order harmonics frequency range (MHz)
	4487.7
	4532.7
	10200
	10800

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IMD frequency limits (MHz)
	1889.1
	2104.1
	4895.9
	5110.9

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

	IMD frequency limits (MHz)
	378.2
	608.2
	5289.1
	5704.1

	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)
	6391.8
	6621.8
	8295.9
	8710.9

	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)
	1295.9
	1710.9
	3385
	3615

	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)
	1475.9
	1530.9
	3385
	3615


It can be seen from table 7.2.X.1.2-1 that some 2nd IMD products caused by BS supporting carrier aggregation of Band 21 and Band 42 fall into the BS receive band of Bands 1, 2, 23, 25, 33, 34, 35, 36, 37 and 39, while some 3rd IMD products fall into the BS receive band of Bands 3, 4, 10, 11, 21, 22, 24, 31, 42 and 43. Note that the calculation in table 7.2.X.1.2-1 (except the last row) assumes the BS transmits the whole 200 MHz DL frequency of Band 42. However even if the BS only transmits up to 20 MHz DL in Band 42 as stated in Table 7.2.X.1.1-1, the 3rd IMD products may still fall into the BS receive band of the Bands 22, 31, 42 and 43 as shown in the last row in table 7.2.2.1.2-2.

It should be noted that Band 22 and 31 are not intended for use in the same geographical area as Band 21 and 42. Consequently, the focus here will be on the harmonics and IMD products falling into Bands 42 and 43.

TDD BS does not transmit and receive simultaneously, so the BS’s own band 42 receiver and other synchronized band 42 receivers would not be interfered.
Therefore, it is recommended that Bands 21 and 42 BS transmitters should not share the same antenna with Band unsynchronized 43 BS receiver, unless the antenna path meets very stringent 3rd order PIM specification so that the PIM will not cause Band unsynchronized 43 BS receiver desensitization.
7.2.X.1.3
∆TIB and ∆RIB values
Table 7.2.X.1.3-1 shows Triplexer data without 1.5GHz bands. 
Table 7.2.X.1.3-1: Triplexer data without 1.5GHz bands from three device vendors(ETC)
	Vendor
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960 MHz
	1710-1920
	1920-2496
	2496-2690
	3400 MHz ~

	A
	ETC
	0.80 
	0.70 
	0.70 
	1.20 
	1.20 

	B
	ETC
	0.50 
	0.80 
	0.65 
	0.80 
	1.00 

	C
	ETC
	0.50 
	0.65 
	0.65 
	0.95 
	1.20 

	Ave
	ETC
	0.60 
	0.72 
	0.67 
	0.98 
	1.13 


Note: Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
Table 7.2.X.1.3-2 shows Triplexer data with 1.5GHz bands. 
Table 7.2.X.1.3-2: Triplexer data with 1.5GHz bands from three device vendors(ETC)
	Vendor
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960
	1427.9-1447.9

(B11Tx)
	1447.9-1462.9

(B21Tx)
	1475.9-1495.9

(B11Rx)
	1495.9-1510.9

(B21Rx)
	1710-1920
	1920-2496
	2496-2690
	3400 ~

	A
	ETC
	0.8
	1.15
	1.05
	-
	0.95
	0.7
	0.7
	1.2
	1.2

	B
	ETC
	0.6
	0.95
	0.90
	0.85
	0.85
	0.65
	0.65
	0.80
	1.0

	C
	ETC
	0.65
	1.05
	1.0
	0.95
	0.90
	0.80
	0.80
	0.95
	1.2

	Ave
	ETC
	0.68
	1.05
	0.98
	-
	0.90
	0.72
	0.72
	0.98
	1.13


Note: Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
The comparison of the results of Table 7.2.X.1.3-1 and 7.2.X.1.3-2 is shown in Table 7.2.X.1.3-3.

Table 7.2.X.1.3-3: Comparison of Table 7.2.X.1.3-1 and 7.2.X.1.3-2 (ETC)
	Triplexer
	Condition
	Low band
	Middle band
	High band

	
	
	~ 960
	1427.9-1447.9

(B11Tx)
	1447.9-1462.9

(B21Tx)
	1475.9-1495.9

(B11Rx)
	1495.9-1510.9

(B21Rx)
	1710-1920
	1920-2496
	2496-2690
	3400

	Table 7.2.X.1.3-1
	ETC
	0.60
	-
	-
	-
	-
	0.72 
	0.67 
	0.98 
	1.13 

	Table 7.2.X.1.3-2
	ETC
	0.68
	1.05
	0.98
	-
	0.90
	0.72
	0.72
	0.98
	1.13

	Delta
	ETC
	0.08
	-
	-
	-
	-
	0
	0.05
	0
	0


Note: Each triplexer data has at least 15 dB isolation between Low, Mid and High at ETC.
Based on Table 7.2.X.1.3-3, it can be seen that the inclusion of 1.5GHz bands slightly impact on insertion loss of low band, however the difference is 0.08 dB. We believe that the difference is not large enough to change the agreement we made in the discussion for bands other than 1.5 GHz.
For this combination, the (TIB,c and (RIB values are shown in table 7.2.X.1.3-4, and in table 7.2.X.1.3-5:

Table 7.2.X.1.3-4: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_21A-42A
	21
	0.5

	
	42
	[0.8]


Table 7.2.X.1.3-5: ΔRIB 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB [dB]

	CA_21A-42A
	21
	0

	
	42
	[0.5]


----- Unchanged sections omitted -----
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