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1. Introduction

We present some basic connections for Carrier Aggregation CA. The basic approach is the same as for DC HSPA: For the network  two carriers in CA are two cells. For measurement technology this is reflected by a primary and secondary system simulator in the connection diagram.
We have 6 CA Bandwidth Classes. This increases the variability of bandwidths compared to non CA.  The maximum Bandwidth is >> 20 MHz. This affects performance tests with fading simulators in the DL. LTE fading profiles are defined for BWs up to 20 MHz, increasing the number of faders, when testing BWs > 20MHz.
We have scenarios, which have no equivalent in non CA. These are CA bandwidth Class CA _x-y (inter band) and we have continuous- and multi cluster-transmission for intraband CA.   For inter band CA the frequencies can be far apart. We must be prepared for separate antennas for the bands at the UE. 
UE capability classes do not link UL and DL CA, instead UL CA can be combined with DL non CA and vice versa.
2. Systematic of Antenna configuration.

We have 6 Antenna functions:

· 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)

which can be mapped to 6 or less antennas:
Table 1.  Mapping of antenna functions to antenna connectors

	Antenna combination (
	No 1
	No 2
	No 3
	No 4
	No 5

	remark

↓
	An-tenna func-tion
	6

Anten

nas
	4

Anten

nas
	3

Anten

nas
	2

Anten

nas
	2

Anten

nas

	
	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


We will discuss antenna combination

 No2 (4 antennas),  No4 (2 antennas)  and  No5 (2 antennas) 

From the above it can be expected, that the number of connection diagrams, necessary for CA, is much higher than the equivalent number for  non CA. We display 3 CA connections per equivalent non CA connection. The caption to each CA figure indicates an even higher number of connections (factor 2 up to 4 per displayed connection) 
3. Action to RAN5

We have a similar situation as discussed in R5-112561 (Meeting #51, Barcelona)

Summary:  ….the high number of possible connections, to be supported in the SS, when testing multi RAT UEs, based on the high number of possible antenna configurations at  multi RAT UEs.

From this fact we derived an action item:

We would like to start a study in which the UE manufacturers should propose possible UE antenna connection diagrams which will be typically seen in devices which support interworking with multiple RATs……. Such a study will help in reducing HW costs and system complexity by limiting the antenna connectors to a realistic values rather than implementing all possible combinations which may never be required.

As seen from Table 1 above, R&S already disregarded some antenna configurations, from which we think they are not of practical relevance. On the other hand, we are not sure, if the antenna configurations, which we are discussing, are complete.

Action: UE manufacturers to distinguish between typically used antenna configurations, and those, which are not of practical relevance, in order to limit SS complexity. 

4. New connections


[image: image1]
Fig 1.

Basic RX/TX test, UE employs seperate antennas for CA.

For basic RX test, depending on test condition, secondary UL may be not used.

For basic TX test, depending on test condition, secondary DL may be not used.


[image: image2]
Fig 2.

Basic RX/TX test, UE employs common antennas for  CA

For basic RX test, depending on test condition, secondary UL may be not used.

For basic TX test, depending on test condition, secondary DL may be not used.


[image: image3]
Fig 3.

Basic RX/TX test, UE employs separated TX antennas for  CA

For basic RX test, depending on test condition, secondary UL may be not used.

For basic TX test, depending on test condition, secondary DL may be not used.

Fig 1, Fig 2 and Fig3 are  CA equivalents to 36.508 Figure A.3
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Figure A.3: Connection for basic  single cell, RX and TX tests


[image: image5]
Fig 4
TX test with additional SA, UE employs seperate antennas for CA.

(depending on test condition, secondary DL may be not used)

[image: image6]
Fig 5.

TX test with additional SA, UE employs common antennas for  CA

(depending on test condition, secondary DL may be not used)

[image: image7]
Fig 6.

TX test with additional SA, UE employs separated TX antennas for  CA

(depending on test condition, secondary DL may be not used)

Fig 4, Fig 5 and Fig 6 are  CA equivalents to 36.508 Figure A.7
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Figure A.7: Connection for TX-tests with additional Spectrum Analyzer

[image: image9]
Fig 7.

RX test with iterferer(s), UE employs seperate antennas for CA.

(depending on test condition, secondary UL may be not used)


[image: image10]
Fig 8.

RX test with interferer(s), UE employs common antennas for  CA

(depending on test condition, secondary UL may be not used)


[image: image11]
Fig 9.

RX test with interferer(s), UE employs separate TX antennas for  CA

(depending on test condition, secondary UL may be not used)

Fig 7, Fig 8 and Fig 9 are CA equivalents to 36.508 Fig A.4,5.6
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Figure A.6: Connection for Receiver tests with both E-UTRA Interference and additional CW signal


[image: image13] 
Fig 10.

Connection for RX performance tests with antenna configuration 1x2  (single antenna port)

UE employs separate antennas for  CA (depending on test condition, secondary UL may be not used)

Note:

For continuous CA class B and C, AWGNp and AWGNs can be unified to 1 single AWGN with higher BW.
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: image14]
Fig 11.

Connection for RX performance tests with antenna configuration 1x2  (single antenna port)

UE employs common antennas for  CA (depending on test condition, secondary UL may be not used)

Note:

For continuous CA class B and C, AWGNp and AWGNs can be unified to 1 single AWGN with higher BW.  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. 

f
[image: image15]
Fig 12.

Connection for RX performance tests with antenna configuration 1x2  (single antenna port)

UE employs separated TX antennas for  CA (depending on test condition, secondary UL may be not used)

Note:

For continuous CA class B and C, AWGNp and AWGNs can be unified to 1 single AWGN with higher BW.  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. 

Fig 10, Fig 11 and Fig 12 are CA equivalent connections to 36.508 Figure A.9
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Figure A.9: Connection for RX performance tests with antenna configuration 1x2                          (single antenna port)


[image: image17]
Fig 13.

Connection for RX performance tests with antenna configuration 2x2

UE employs seperate antennas for  CA (depending on test condition, secondary UL may be not used)


[image: image18]
Fig 14.

Connection for RX performance tests with antenna configuration 2x2
UE employs common antennas for  CA (depending on test condition, secondary UL may be not used)

Note:

For continuous CA class B and C, AWGNp and AWGNs can be unified to 1 single AWGN with higher BW. (Red pair ( 1 AWGN, green pair ( 1 AWGN)


[image: image19]
Fig 15.

Connection for RX performance tests with antenna configuration 2x2
UE employs separate TX antennas for  CA (depending on test condition, secondary UL may be not used)

Note:

For continuous CA class B and C, AWGNp and AWGNs can be unified to 1 single AWGN with higher BW. (Red pair ( 1 AWGN, green pair ( 1 AWGN)

Figure 13, 14 and 15 are CA equivalent connections to 36.508 Figure A.10
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Figure A.10: Connection for RX performance tests with antenna configuration 2x2 (transmit diversity)

5. Not recommended connection

[image: image21]
Fig 16.

Connection for RX performance tests with antenna configuration 4x2 
UE employs seperate antennas for  CA (depending on test condition, secondary UL may be not used)

Note:

This connection contains 16 faders. It is strongly recommended to avoid such a connection.  Methods to reduce the number of faders are already developed for DC-HSDPA. See 34.121 Fig A.45. The test is split into part tests. One carrier is faded correctly and throughput is measured. The other carrier is operated un-faded. The throughput is ignored. Then the carriers are swapped. This idea could be transferred to this test and this connection.
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