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1. Introduction

In RAN5#55 meeting an action point AP#55.26 was raised related to connection diagrams for CA tests. 
· AP#55.26: “UE vendors to investigate the number of antenna connectors used in CA scenarios. Related discussion paper is to be used when drafting test cases for CA.”

This paper discusses antenna connectors to be used in CA test and also has new proposals for CA connection diagrams.
2. Mapping of antenna functions to antenna connectors
The discussion paper [1] introduced following abbreviations for 6 different antenna functions that are valid for CA UE:

· TXp : TX for primary carrier

· TXs:  TX for secondary carrier

· RXp1: RX for primary carrier (main)

· RXp2: RX for primary carrier (diversity)

· RXs1: RX for secondary carrier (main)

· RXs2: RX for secondary carrier (diversity)

Then discussion paper [1] highlighted the problem that these 6 functions can be mapped to 6 or less antennas. Table 1 shows five different mapping possibilities [1].
Table 1.  Mapping of antenna functions to antenna connectors [1]
	Antenna combination (
	No 1
	No 2
	No 3
	No 4
	No 5

	remark

↓
	An-tenna func-tion
	6

Anten

nas
	4

Antennas
	3

Anten

nas
	2

Antennas
	2

Antennas

	
	TXp
	1
	1
	1
	1
	1

	
	TXs
	2
	2
	1
	1
	2

	Never on 1 antenna
	RXp1
	3
	1
	2
	1
	1

	
	RXp2
	4
	3
	3
	2
	2

	Never on 1 antenna
	RXs1
	5
	2
	2
	1
	2

	
	RXs2
	6
	4
	3
	2
	1

	↑

Per definition:

RX1(main) / TX

(if common, then red and green pair)
Remark (

	
	2 functions on antenna 1 and 2.

1 function on antenna 3 and 4.

Other permutations cover the same case
	
	4functions on antenna1

2 functions on antenna 2
	3functions on antenna 1 and 2


Naturally, none of the Table 1 configurations mandate the UE implementation but we tend to believe that future CA UEs may have one of the combinations 2, 4 or 5 in use and hence SS vendors should be prepared for these antenna combinations.
This does not mean that all these combinations are mandatory for SS vendors to support and they may choose to implement only subset of these combinations depending on their implementation capabilities and on their first-hand information about the relevant configurations.
Proposal 1 for endorsement: Connection diagrams for CA tests will be made applicable for antenna combinations 2, 4 and 5 in Table 1.
3. Combiner network element for CA connection diagrams
The discussion paper [1] showed that connection diagrams will be different depending on chosen antenna combination. Reference [1] also presented connection diagrams for antenna configurations 2, 4 and 5 for many different RX/TX/RX PERF test scenarios for CA.
We propose that connection diagrams will be simplified so that one connection diagram per CA test scenario is applicable for all endorsed antenna configurations. For this purpose we introduce a new element that will be added into each connection diagram applicable for CA UE testing. This new element is called “Combiner network” and it is shown in Figure 1.

[image: image1]
Fig 1. Combiner network element between the Test system and UE.

It should be noted that even combiner network is drawn as a separate element, this does not mandate SS vendor to implement this as a separate block but its functionality can be freely distributed among any other elements that SS vendor may have in its test system.
Figure 1 shows also a UE having four antennas A, B, C and D. However, this does not mean that UE has to have 4 antennas but it can have also e.g. only antennas A and B in use.

Assuming a new combiner network element will be introduced into CA test specification then there has to be also separate figures showing the antenna mapping combinations that may need to be supported by SS vendor. 


[image: image2]
Fig 2. Combiner network supporting antenna mapping option “No 2” from Table 1.

[image: image3]
Fig 3. Combiner network supporting antenna mapping option “No 4” from Table 1.


[image: image4]
Fig 4. Combiner network supporting antenna mapping option “No 5” from Table 1.

There are several benefits in introducing a combiner network element into CA test specifications:

1) Simplified connection diagrams: Connection diagrams for different TX/RX or RX PERF scenarios are simplified since one connection diagram is applicable for all different antenna mappings.
2) Easy maintenance: Having one connection diagram per CA test scenario instead of three is beneficial from maintenance perspective if connection diagrams contain corrections. 

3) Future Proof: In case there becomes a sudden market need to introduce a new antenna mapping configuration then there is no need to change existing CA connection diagrams at all. Only one new antenna mapping option needs to be added into network combiner element. 
In addition, there is no reason why test specification should contain very detailed and complex connection diagrams since anyhow connection diagrams are under informative clause. The actual complexity of the test system including all necessary elements cannot be avoided and it does not depend on whether connection diagrams are very detailed or just showing the general principle.
Proposal 2 for endorsement: Combiner network element is introduced into CA connection diagrams. 
4. Connection diagrams for CA tests
To illustrate how new connection diagrams with network combiner element would look like we have provided following connection diagrams for different CA scenarios in Annex A. These connection diagrams represent/replace all CA connection diagrams that were given in section 4 of reference [1]. 
Proposal 3 for endorsement: Connection diagrams given in Annex A are adopted into CA test specifications.
5. Summary
In this document we have discussed topics related to RAN5 action point AP#55.26. We propose that RAN5 endorses following proposals:
Proposal 1: Connection diagrams for CA tests will be made applicable for antenna combinations 2, 4 and 5 in Table 1.
Proposal 2: Combiner network element is introduced into CA connection diagrams. 

Proposal 3: Connection diagrams  given in Annex A are adopted into CA test specifications.
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Annex A New connection diagrams for CA test scenarios
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Fig 1. Basic RX/TX test for CA, depending on test conditions secondary UL may not be used.

[image: image6]
Fig 2. Basic TX test for CA with additional SA.


[image: image7]
Fig 3. Basic RX test for CA with additional interferer(s), depending on test conditions secondary UL may not be used.

[image: image8]
Fig 4. Basic RX test for CA with additional interferer(s) and CW signal, depending on test conditions secondary UL may not be used.

[image: image9]
Fig 5. Basic RX performance test for CA with 1x2 antenna configuration, depending on test conditions secondary UL may not be used
Note1 : For continuous intra-band CA class B and C, AWGNp and AWGNs can be unified to 1 single AWGN with higher BW.

Note2 : The LTE fading profiles are defined for 20MHz (100RBs). Hence for CA Class C and higher (>100RBs) the faders for the primary and secondary carrier must be conducted separately and cannot be unified.


[image: image10]
Fig 6. Basic RX performance test for CA with 2x2 antenna configuration, depending on test conditions secondary UL may not be used.
Note1 : For continuous intra-band CA class B and C, AWGN1p and AWGN1s can be unified to 1 single AWGN with higher BW. The same applies for AWGN2p and AWGN2s.
Note2 : The LTE fading profiles are defined for 20MHz (100RBs). Hence for CA Class C and higher (>100RBs) the faders for the primary and secondary carrier must be conducted separately and cannot be unified.
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