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1. Introduction
In the RAN4#71 meeting, the relaxation values with square brackets for CA combinations for B1+42(+42), B19+42(+42) were agreed based on the results of triplexer which does not include 1.5GHz bands.

In this contribution, we provide several data of triplexer including 1.5GHz bands and finally propose the relaxation values for B21+42+42 with consideration of minimizing the impact for the bands other than 1.5GHz bands and maintaining the agreements for B1+42(+42) and B19+42(+42).

2. Discussion
2.1 Triplexer characteristics
2.1.1 Triplexer without 1.5GHz bands
In TR 36.853[1], we can see the triplexer characteristics which was used to define the relaxation values for B1+42(+42) and B19+42(+42) and the background that these triplexers were designed to prioritize bands other than 3.5 GHz in order to maintain the existing coverage.
The following two triplexer design approaches can be considered.

· Approach 1: prioritizing Mid (1710-2690 MHz)
· As a side effect, IL and isolation for High from Approach 1 would not be better than those for High from Approach 2.

· Approach 2: prioritizing High (more than or equal to 3400 MHz)
· As a side effect, IL and isolation for Mid would not be better than those for Mid from Approach 1.

The triplexer results (Table 1) are based on the Approach 1 due to the following reasons.

From operational point of view, it is essential to keep the same coverage areas as much as possible in any operating bands specifically which have already been deployed irrespective of CA configurations, since it would be quite challenging and not practical to change radio coverage network design many times. Thus, the Approach 1 is adopted and the above relaxations are derived from the triplexer results (Table 1) based on the Approach 1.

Table 1: Triplexer data 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.
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Figure 1: Triplexer frequency ranges shown in Table 1
2.1.2 Triplexer with 1.5GHz bands
In order to specify the relaxation values for B21+42(+42), it is essential to consider the triplexer data including 1.5GHz bands. As discussed in [2], there was a concern about the performance degradation for band other than 1.5GHz bands due to the inclusion of them. Our understanding is that there is a trade-off between the triplexer characteristics of especially low bands and 1.5GHz bands. If we obtain better performance of 1.5GHz bands, insertion loss of low bands will be degraded and vice versa. On the other hand, since especially low bands tend to be used as coverage band due to their frequency property, it is definitely desired to maintain the insertion loss as much as possible compared to Table 1 even with containing 1.5GHz bands from operator’s point of view.
Observation: In order to maintain the existing coverage, it is definitely desired to maintain the insertion loss of low band as much as compared to Table 1 even with containing 1.5GHz bands from operator’s point of view.
Based on the above observation, we have requested filter vendors to prioritize low band and received three triplexer characteristics as shown in Table 2. 
Table 2: 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.
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Figure 2: Triplexer frequency ranges shown in Table 2
The comparison of the results of Table 1 and 2 is shown in Table 3.
Table 3: Comparison of Table 1 and 2 (ETC)
	Triplexer
	Condition
	Low band
	Middle band
	High band

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

	Table 1
	ETC
	0.60
	-
	0.72
	0.67
	0.98
	1.13

	Table 2
	ETC
	0.68
	1.05
	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 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 for bands other than 1.5 GHz. Thus, we propose as follows.
Proposal 1: Introduction of triplexer including 1.5GHz bands should not impact specifications for bands other than 1.5 GHz.

2.2 Relaxation values
MOP lower tolerance
For Band 21, the additional insertion loss is 1.05 dB at ETC from Table 2. Based on the shared pain approach, the required MOP lower tolerance relaxation will be 0.5 dB.
For Band 42, the additional insertion loss in Table 2 is maintained compared to Table 1. Since the specifications of B1+42(+42) and B19+42(+42) were already agreed based on Table 1. Therefore, it would be natural to maintain the same relaxation values as well, which is [0.8]dB.
It should be noted that there were views that implementation margin for 3.5GHz may be less than that for legacy bands in previous meetings. We believe, however, since the relaxation values for B1+42(+42) and B19+42(+42) have already agreed with square brackets, it would be natural to adopt the same relaxations for B21+42+42 at this moment. Whether the values with square brackets are changed or not depends on the outcome of the future discussion. Thus, we propose as the followings.
Proposal 2: The required relaxation values of Band 21 for MOP lower tolerance should be 0.5 dB.
Proposal 3: The required relaxation values of Band 42 for MOP lower tolerance should be [0.8] dB.
REFSENS
For Band 21, we think that the relaxation could be 0dB even if the additional insertion loss is 1.05dB at ETC. Based on previous discussion on REFSENS, it has been said that UE generally has sufficient margin for REFSENS. For example, in the RAN4#72bis, it was agreed to specify relaxation of REFSENS for low-low or high-high combination as 0dB regardless of the insertion loss of quadplexer [3]. Our understanding is that this agreement could be interpreted as UE has much margin for REFSENS. In addition, it was also investigated by the measurement of several UEs in [4]. Therefore we propose no relaxation for Band 21 in this contribution.
For Band 42, the required REFSENS relaxation will be [0.5] dB based on the same reason of MOP lower tolerance.
Proposal 4: The required relaxation values of Band 21 for REFSENS should be 0 dB.

Proposal 5: The required relaxation values of Band 42 for REFSENS should be [0.5] dB.
Proposal 6: Based on Proposal 2-5, TP for Rel-13 3DL TR 36.8xx described in this contribution in section 3 should also be approved.
3. Text Proposal for Rel-13 3DL TR36.8xx
----- Unchanged sections omitted -----

Table 1-1: Release 13 3DL inter-band carrier aggregation combinations

	WI code
	WI title

	LTE_CA_B21_B42_B42
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 21, Band 42 and Band 42


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

6.X
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 21, Band 42 and Band 42
Table 6.X-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_21A-42A
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	
	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD


Table 6.X-2: 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_21A-42C
	21
	
	
	Yes
	Yes
	Yes
	
	55
	0

	
	CA_42C
	See table below
	
	


Table 6.X-3: Supported E-UTRA bandwidths of CA_42C configuration for 3DL inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_42C
	5, 10, 15, 20
	20
	40
	0

	
	20
	5, 10, 15
	
	


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 [2] when operating in single carrier mode 

6.X.1
Co-existence studies for 1 UL/3 DL
[To be provided later]
6.X.2
ΔTIB,c and ΔRIB,c
Table 6.X.2-1 shows Triplexer data without 1.5GHz bands.

Table 6.X.2-1: 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 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.
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 MHz
	1427.9-1510.9
	1710-1920
	1920-2496
	2496-2690
	3400 MHz ~

	Table 1
	ETC
	0.60
	-
	0.72
	0.67
	0.98
	1.13

	Table 2
	ETC
	0.68
	1.05
	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 extension to include 1.5GHz bands slightly impact insertion loss of low band, however the difference is smaller than 0.08dB and not enough to impact specifications for other bands.
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c and ΔRIB,c  is defined for applicable bands in Table 6.X.2-1 and 6.X.2-2 respectively.

Table 6.X.2-1: ΔTIB,c for 3DLs aggregation

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_21A-42C
	21
	0.5

	
	42
	[0.8]



Table 6.X.2-2: ΔRIB,c for 3DLs aggregation

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

	CA_21A-42C
	21
	0

	
	42
	[0.5]


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