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1 Background
In [1] additional filter data for the configuration CA_2A-4A was presented along with proposed relaxations (TIB,c = 0.5 dB and (RIB,c = 0.5 dB for both Band 2 and Band 4.
Band 2 and Band 4 are core bands that allow large spectrum blocks and are common in combinations with other bands: in case the UE supports CA_2A-4A in additional to any other combination including Band 2 or Band 4, the maximum relaxation applies. Moreover Band II and Band IV are used for UTRA, and the relaxations agreed for CA_2A-4A will also be applied for these UTRA bands. Relaxations should therefore be minimized, and in this contribution we consider whether it appears possible to further reduce the relaxations proposed in [1]. 
First we note that the comparison is made to Rel-8 requirements that were based on duplexers available at the time. Improvement in process for new generation filters mean that the performance of today’s multiplexer designs can be compared to that exhibited by duplexers shipped at the time of Rel-8 specification. Moreover, the additional attenuation for different band can also depend on the multiplexer design choices.
Next, the minimum requirements are normally based on ETC data that also include manufacturing variations. However, these may not always be readily available from provisional studies of multiplexer performance. For CA_2A-4A the vendor data reported thus far has only been available for “typical” conditions. In [1] a 30% implementation margin, i.e. ‘Typical’ versus ETC performance, has been added flat out on all filter data presented to get ETC estimates of the additional attenuation in the absence of anything else. This is questionable since 

1. The difference between ‘Typical’ and ETC performance is band dependent

2. the additional loss is highly design-dependent (multiplexer design).
It may therefore be better to rely on the “typical” data and rely on process improvements for the filter design. Indeed, some modern multiplexer designs for Band 2 + Band 4 can maintain or even improve on the insertion-loss performance for “old” duplexers designed for Rel-8 performance requirements for Band 2 and Band 4. Moreover, some vendor data reported is also based on simulations for the duplexer performance: in the present version of 36.851 (v 0.6.0) we have “Simulations were performed for typical performance but as the duplex-filter baseline performance and quadplexer performance were both simulated it can be assumed that performance difference stays constant under ETC conditions”. 
For REFSENS, the margin between the typical performance achieved today and the minimum performance specified for Rel-8 is large. Therefore, relaxations (RIB should only be allowed in exceptional cases. Indeed, the Band 2 duplex arrangement is not amongst the most straightforward and Band 4 is challenging in terms of antenna matching. However, already the Rel-8 REFSENS requirements for both there bands were relaxed to account for potential IP2 problems for the smaller bandwidths.  CA_2A-4A is labeled as A4, but there is no intermodulation problem for the UE with one UL active.
2 Proposal

For CA_2A-4A, we propose to consider the available filter data reported under “Typical” conditions for setting the transmitter relaxations and not allow any relaxation for the receiver in view of the margins available today for REFSENS, since Band 2/II and Band 4/IV are core bands.  
In [1] the data reported thus far is summarized and data from two other vendors is presented; all under “Typical” conditions. The data is shown in Table 1 (reproduced from [1]).
Table 1: additional insertion loss for CA_2A-4A under typical conditions

	E-UTRA bands
	Vendor 1
	Vendor 2
	Vendor 3
	Vendor 4
	Vendor 5
	Vendor 6

	
	UL IL (dB) 
	DL IL (dB)


	UL IL (dB)


	DL IL (dB 


	UL IL (dB)


	DL IL (dB)


	UL IL (dB) 


	DL IL (dB)


	UL IL (dB) 


	DL IL (dB)


	UL IL (dB) 


	DL IL (dB)



	2
	0.55
	0.91
	0.46
	0.53
	0.3
	0.6
	0.8
	0.8
	1.1
	1.0
	0.98
	0.96

	4
	0.51
	0.41
	0.51
	0.29
	0.9
	0.7
	1.0
	0.6
	1.65
	1.5
	1.4
	1.02


For the UL IL, one notes that the additional insertion loss reported by Vendor 5 is the larger than that reported by others, particularly for Band 4. This may be a design choice, but it also appears that the Band 2 losses are high. The results are of course provisional, and it is recognized that some vendor data may not be precise as discussed in [1].

For Band 2, the average UL IL is 0.70 dB; applying a “shared pain” approach yields (TIB,c = 0.4 dB. For Band 4 the average UL IL is 1.0 dB that yields (TIB,c = 0.5 dB; the data sets presented by two of the vendors increase the average markedly. 
The proposed changes for 36.851 are shown in the following:

6.4.1.4

ΔTIB,c and ΔRIB values

The following additional ILs for combining band 2+4 were reported by six filter manufacturers. 
Table 6.4.1.4-1: Reported additional ILs for band 2 + 4 quadplexers under typical conditions
	E-UTRA bands
	Vendor 1
	Vendor 2
	Vendor 3
	Vendor 4
	Vendor 5
	Vendor 6

	
	UL IL (dB) 
	DL IL (dB)


	UL IL (dB)


	DL IL (dB 


	UL IL (dB)


	DL IL (dB)


	UL IL (dB) 


	DL IL (dB)


	UL IL (dB) 


	DL IL (dB)


	UL IL (dB) 


	DL IL (dB)



	2
	0.55
	0.91
	0.46
	0.53
	0.3
	0.6
	0.8
	0.8
	1.1
	1.0
	0.98
	0.96

	4
	0.51
	0.41
	0.51
	0.29
	0.9
	0.7
	1.0
	0.6
	1.65
	1.5
	1.4
	1.02


	
	

	

	

	

	

	


	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 6.4.1.4-2: Average UL and DL additional IL for combining band 2 and band 4

	Inter-band CA Configuration
	E-UTRA Band
	UL IL  [dB]
	DL IL  [dB]
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	2
	0.70
	0.80

	
	4
	1.0
	0.75


For two simultaneous DLs and one UL the (TIB,c and (RIB,c values are shown in table 6.4.1.4.-3, and in table 6.4.1.4-4.
Table 6.4.1.4-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_2A-4A
	2
	0.4

	
	4
	0.5


Table 6.4.1.4-4: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_2A-4A
	2
	0

	
	4
	0


We observe that the relaxations implied for Band II and Band IV for a UE supporting CA_2A-4A are inconsistent with the 1 dB relaxations allowed for a UE supporting the corresponding II + IV combination for UTRA.
3 References 

1. R4-132751, “Additional insertion loss for Band 2 + Band 4 combination”, Qualcomm Incorporated, Nokia Corporation, Intel Corporation, T-Mobile US

