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Introduction
This input tries to compare the applicability of the inter-band CA additional IL to other bands by studying various architectures. This input will not count on possible existing implementation margins and therefore also not suggest at this state any general rule or relaxation values as we believe the group needs further discussion on this important subject before making a decision.
Architecture study
For inter-band CA one open issue is how to apply the TIB and RIB values for inter-band CA if multiple inter-band CAs, LTE bands and/or RATs are supported. Clearly this will depend on the actual architecture as with some architectures the additional loss could be avoided and some other architectures suggest a cascading of the additional ILs. We also observe that this problem is not really new and is partly already considered in LTE Rel-8 36.101 spec where the UE MOP tolerances is for FFS if more than 4 bands are supported.

We understand that in 3GPP specifications no architecture can me mandated and therefore a compromise between the architecture with respect to possible MOP relaxation has to be still found. The best architecture with respect to low additional ILs we may not be able to expect to be used as the reference in the specification and the worst case architecture should be clearly avoided. The architectures listed below are not meant to show the full range of possible UE RF frontend implementations. Many various possible architectures have been shown or mentioned in reference [1] to [6].

The architectures discussed below are limited to 2DLs/1UL and the inter-band CA cases A1 and A3 which are without harmonic and intermodulation problems. For simplicity the architecture with the main antenna is mainly shown in the pictures below. We also note that the actual switch and filter losses depends on the bands combined and the required isolations and therefore the values given below should be only taken as some indication in order to compare the expected losses in the given architectures.
In order to compare the architectures we limit the analysis to five bands with one low-high CA combination and one high-high CA combination supported and try to answer the following questions with respect to a non-CA architecture supporting five bands:

1. What is the additional insertion loss due to aggregating bands for low-high?
2. What is the additional insertion loss due to aggregating bands for low-low/high-high combinations?
3. What loss has to be considered for single band operation if one of the aggregated bands for e.g. low-high and high-high is in common?

4. What is the loss of the switch?
5. What is the effect to bands which are not aggregated?
Architecture A with non-CA:

The conventional non-CA architecture supporting five bands as shown in the figure below may be taken as reference to the architectures supporting CA. We also note that in TS 36.101 we have currently a note for the UE MOP which says: “The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS”
For switches we may note the following simple rule of thumb regarding losses:

· For a two port switch the loss is about 4% to 7% (0.18 to 0.32 dB) going up with frequency
· For switches with many inputs the loss in percentage doubles for doubling the number of input ports 
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	Figure 1   
	Conventional non-CA architecture supporting five bands


Architecture B with multiple antenna feeds:
Architectures where inter-band CA will not cause any additional IL were discussed in [1]. The figure below does not show the low-high multi-feed RF front-end technology as suggested in [2]. We also note that for some CA combinations having low-high bands the frequency separation may be too large in general (e.g. band 20 and band 7) for single antenna implementation and therefore no additional IL due the CA combination may occur. 

1. No additional insertion loss due to aggregating bands for low-high 
2. No additional insertion loss due to aggregating bands for low-low/high-high combinations. 

3. No additional insertion loss for the single-band operation if one band is in common for the low-high and high-high aggregation

4. Smaller switch needed with respect to the non-CA Architecture A

5. No additional IL for bands which are not aggregated
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	Figure 2
	Multi-feed RF front-end technology or multiple antennas for low-high bands


Architecture C with low-high band split at the antenna:
Low-high band split with diplexer at the antenna. This architecture has been mainly suggested by ST-Ericsson for LTE CA and DB-DC HSDPA in reference [3] and [4] respectively. This architecture adds:
1. Diplexer additional insertion loss for low-high band aggregation (~0.5 dB)
2. Diplexer + quadplexer additional insertion loss for low-low and high-high band aggregation (~0.5 + 0.5 dB)
3. Additional switch is needed to select the correct filter combiner (aggregation) which adds ~0.26 dB loss also for the single-band operation if one band is in common for low-high and high-high CA. For single band operation the lower agreed IL for low-high and high-high can be used.
4. Smaller switch is possible compared to conventional non-CA architecture with same number of supported bands. Compared to the non-CA “Architecture A” this means in our example the switch loss can be reduced by about 0.3 dB
5. Non-CA bands are affected by the additional insertion loss of the diplexer
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	Figure 3
	Low-high band split with diplexer at the antenna as suggested in reference [3], [4]


Architecture D with antenna switch solution: 
Figure 4 shows the architecture with the switch at the antenna located and using diplexer and/or quadplexer to aggregate various band combinations.
1. Diplexer additional insertion loss for low-high band aggregation (~0.5 dB)

2. Quadplexer additional insertion loss for low-low and high-high band aggregation (~0.5 dB)

3. Additional switch is needed to select the correct filter combiner (aggregation) which adds ~0.26 dB loss also for the single-band operation if one band is in common for low-high and high-high CA. For single band operation the lower agreed IL for low-high and high-high can be used.
4. Smaller switch is possible compared to conventional non-CA architecture with same number of supported bands. Compared to the non-CA “Architecture A” this means in our example the switch loss can be reduced by about 0.14 dB

5. Non-CA bands are not affected by the CA
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	Figure 4
	Antenna based switch architecture, [5] and [6]


Architecture E with multiplexers:
Multiplexers can be used to avoid switches. For low-low and/or high-high band combinations with small frequency separation between the bands they can offer good isolation with low insertion losses. Multiplexers with 8-filters (Octplexer) seems to be at the moment the state-of-the-art after information from AvagoTech.
1. Quadplexer additional IL for low-high band aggregation (~0.2 dB, subtracting typical duplexer loss)
2. Quadplexer additional insertion loss for low-low and high-high band aggregation (~0.4 to 0.5 dB subtracting typical duplexer loss)

3. Additional insertion loss if one band is in common for the low-high and high-high CA can be avoided
4. Smaller switch is possible compared to conventional non-CA architecture with same number of supported bands. Compared to the non-CA “Architecture A” this means in our example the switch loss can be reduced by about 0.3 dB

However, in the figure below we have chosen a hexplexer which allows the aggregation of any CA combination with B7, B3 and B20. This adds an additional insertion loss to the values given above for low-high and high-high with ~0.3 dB per band
5. Non-CA bands are not affected by the CA
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	Figure 5
	Multiplexer solution. Example architecture as seen from AvagoTech


Summary

The table bellows summarises the finding for the architecture B to E which all can support five bands with one low-high and one low/low/high-high CA combination.
The architecture with diplexer at the antenna (Architecture C) may offer the best isolations between low and high bands but has the largest IL penalty if supporting two CAs with one band in common and adds always an additional IL also to non-CA bands. 
	
	Architecture B
Multiple antenna feeds
	Architecture C
Diplexer at antenna
	Architecture D
Switch at antenna
	Architecture E
Multiplexers

	1) Additional IL for low-high CA
	0 dB
	~0.5 dB
	~0.5 dB
	~0.2 + 0.3 dB

	2) Additional IL for low-low/high-high CA
	0 dB
	~1 dB
	~0.5 dB
	~0.5 + 0.3 dB

	3) Additional IL if one band is in common for 2CA
	No


	Yes 

~0.26 dB but lower IL can  be used
	Yes

~0.26 dB but lower IL can be used
	No

	4) Switch loss compared to non-CA architecture
	-
	~−0.3 dB
	~−0.14 dB
	~−0.3 dB

	5) Influence to non-CA bands
	No


	Yes

~0.5 dB
	No
	No
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