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1. Introduction
This contribution presents the information received on the additional losses that a device supporting carrier aggregation of Band 8 and Band 20 may incur. It also proposes the corresponding relaxations based on the shared pain approach as already applied to other combinations.
This contribution is a resubmission of contribution in [2], and also partly includes data from [3] and [4]. The information and reliability from the different sources is discussed.

No official data has been reported in any contribution ([2], [3], and [4]) to back any of the data presented here due to being confidential information.
2. Discussion
For a device to support carrier aggregation of Band 8 and Band 20, a new RF device needs to be incorporated in order to allow for simultaneous operation for a single antenna device. In particular for this band combination it is reported that a diplexer design is not enough to separate the two bands and filters need to be used in form of a quadplexer design incorporating likely SAW/BAW/FBAR filters so that the antenna is shared and the RF separation between paths is maintained.
The likely implementation is presented in Figure 1.
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Figure 1. Simplified representation of the implementation of CA of Band 8 and Band 20 for 1UL.
As this is an A3 configuration it is not required to take into account additional filtering considerations to minimize IMD as they are not causing any issue.
From investigation with different filter vendors and UE manufacturers, status of the art has been provided making focus on the understanding on new burdens that this design implies to current UE design which was not designed to support CA.

The following table captures the additional insertion losses that the new design may need to support in relative comparison to the design of a Release 8 device supporting each bands in single mode case.

Proposed values are already accounting for ETC if not mentioned otherwise, since the additional losses are based on current duplexer data in the design which already accounts for ETC.

Table 1. Insertion losses for a quadplexer design for Band 8 and Band 20.

	E-UTRA bands
	B8 UL
	B20 UL
	B8 DL
	B20 DL

	Vendor 1D1
	0.9
	1
	0.7
	0.8

	Vendor 1D2
	0.7
	0.8
	1.3
	0.8

	Vendor 1D3
	0.6
	0.9
	0.8
	0.9

	Vendor 2
	0.8
	0.8
	0.8
	0.8

	Vendor 3
	0.5
	0.5
	0.5
	0.5

	Note 1: Vendor 1D1 and Vendor 1D2 are designs based on same topology. While Vendor 1D3 presents a different topology.

Note 2: Vendors 1-3 are based on simulations and differential comparison between the design of a duplexer against to what can be achieved with the same technology in a quadplexer design.

Note 3. The values indicated represent the averaged difference between duplexer and quadplexer design across the corresponding bandwidth.


Note 1: Tx and Rx paths show similar reported attenuation.

Based on the values above consider the following:

· They strictly represent incremental IL that a new quadplexer design will pose into the new RF design of the device. This has been verified again to ensure they represent incremental losses only.
· They are typical values considering state of the art, and it is recognized that these values will generally be improved at the time of production.
· ETC values are as well considered implicitly as data presented here only represent incremental losses, and those will remain in ETC conditions.

· The incremental losses are the same for all 4 paths for vendors 2 and 3 (UL and DL for both bands 8 and 20).
· As a side note, from the information received from a filter vendor, it should be noted that for this particular vendor the overall typical insertion losses that a quadplexer design imposes to the new RF design is in the same range of the insertion losses a today’s duplexers from current filter vendors would impose to the RF design.
The following values are proposed to be agreed in RAN4:
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_8A-20A
	8
	FFS

	
	20
	FFS


As it is well known RF components are generally easier to design at low frequency bands, and similarly it is recognized that low frequency bands present enough margins in the RX side to cope with an advanced design that incorporates the use of a quadplexer. Therefore the proposed relaxation for the RX side is 0dB.

The following values are proposed to be agreed in RAN4:

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

	CA_8A-20A
	8
	FFS

	
	20
	FFS


The relaxations are similar to A1 configurations for the case of 1UL (no aggregation in UL).

It is assumed that the above relaxations apply when Band 8 and Band 20 are aggregated in the device, while additional relaxations due to the implementation of several band combinations and/or when this band combination is shared across other band combinations is FFS.

3. Other data presented from other sources

In references [3] and [4] additional data regarding the IL a quadplexer will imply for Band 8 and 20 combination have been presented.

From the data presented the following arguments are proposed to be debated:

· Based on the data presented in [3] and [4] results may represent not optimized simulations providing over relaxed designs where there seems to be significant room for improvement compared to the information provided in this contribution from 3 different vendors considering 5 different design choices in total
· Data reported in [3] and [4] is significantly higher than data presented in this contribution. Based on this aspect, it needs to be ensured that only incremental insertion losses are considered.

· Additionally in both [3] and [4] there are significant variations between values for a given supplier. In [3] it can be noted that there are significant variations between DL and UL for both vendors: 0.8dB UL vs. 0.07dB in DL for vendor 1; and 0.47dB vs. 0.23dB for vendor 2. Both aspects should be verified before this data could be considered likely incremental losses for this band combination.
· In [4] for a given vendor and band there are significant differences in insertion losses reported: 0.8dB in UL vs. 1.4dB in DL, and 1dB in UL and 0.3dB in DL. This differences need to be explained and verified as they may indicate a poor design which will never be considered in a real manufacturing process, and so should not be consider in the analysis.
· Nevertheless conclusions in [3] seems not based in shared pain approach in which from an average of 0.64dB the IL reported is 0.4dB where 0.3dB seems better suited for the shared pain approach.

4. Conclusions

Based on the above discussions presented, it is proposed that the following relaxations are agreed:
For ΔTIB,c  
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_8A-20A
	8
	FFS

	
	20
	FFS


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

	CA_8A-20A
	8
	FFS

	
	20
	FFS


5. References

[1] R4-115883 Inter-band Carrier Aggregation Technical Report, Ericsson
[2] R4-124494 Inter-band CA_8-20 discussion on insertion losses, Vodafone

[3] R4-125513 Interband CA B8+B20 additional insertion losses, Nokia
[4] R4-125735 Additional IL for Band 8 + Band 20 combination, Qualcomm






























B20 Tx





B8 Tx





B8 Rx





B20 Rx








[image: image1]