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1.
Introduction
Test equipment complexity was discussed in R4-151521 [9] at RAN4#74bis in Rio, but at that time there was not enough information about Rel-13 Work items to make any realistic assessment. As the Rel-13 Work items have progressed since then, it is useful to re-assess based on recent information. 
As before, this Tdoc considers four related aspects of complexity:

· Number of E-UTRA carriers

· Number of other RAT carriers

· Number of UE Rx antenna ports

· Number of faded paths
2. Rel-10
Main Work Items considered were earlier releases, 2 DL CA and eICIC. Other Rel-10 and earlier work items are not expected to affect the overall maximum requirement. 
The requirements and test cases listed below are those that affect the overall maximum requirement. It is recognised that “pure UTRA” or “pure GSM” test cases need more UTRA carriers or GSM carriers than stated here, but this analysis is primarily concerned with E-UTRA and Inter-RAT test cases that originate in E-UTRA. 
Table 1: Most demanding requirements and Test cases up to Release 10  

	Work Item
	Requirement
	# E-UTRA Carriers
	# other RAT Carriers
	# UE Rx antennas
	# faded paths

	Rel-8
	TS 36.133: A.8.11.1, A.8.11.2 
Antenna configuration 1 x 2

2 faded carriers + 1 static carrier
	3
	0
	2
	4

	Rel-8
	TS 36.133: A.8.11.3, A.8.11.4
Antenna configuration 1 x 2

2 faded carriers + 1 static carrier
	2
	1 UTRA
	2
	4

	Rel-9
	TS 36.133: A.8.11.5, A.8.11.6
Antenna configuration 1 x 2

2 faded carriers + 1 static carrier
	2
	1 GSM
	2
	4

	Rel-10
	TS 36.101: 9.3.2.2.2, 9.4.1.3.2, 9.4.2.3.2

Antenna configuration 8 x 2

1 faded carrier
	1
	0
	2
	16

	2 DL CA
	TS 36.101: 8.4.1.4.3, 8.4.2.4.3

Antenna configuration 4 x 2

2 faded carriers
	2
	0
	2
	16

	2 DL CA
	TS 36.133: A.8.20.1, A.8.20.2
Antenna configuration 1 x 2

3 faded carriers
	3
	0
	2
	6

	2 DL CA
	TS 36.133: A.8.20.3, A.8.20.4
Antenna configuration 1 x 2

3 faded carriers
	2
	1 UTRA
	2
	6

	Maximum requirement
	
	3
	1 UTRA
1 GSM
	2
	16


Rel-10 requires:

· 3 E-UTRA carriers

· 1 UTRA carrier, 1 GSM carrier

· 2 UE Rx antenna ports

· 16 faded paths
3. Rel-11
Main additional Work Items considered were feICIC, Type A interference rejection receivers, CoMP and EPDCCH. Other Rel-11 work items are not expected to affect the overall maximum requirement. 
The requirements and test cases listed below are those that could affect the overall maximum requirement. 
Table 2: Most demanding requirements and Test cases introduced by Release 11  

	Work Item
	Requirement
	# E-UTRA Carriers
	# other RAT Carriers
	# UE Rx antennas
	# faded paths

	feICIC
	TS 36.101: 8.2.1.2.3A, 8.2.1.3.4, 8.2.1.4.1C, 8.2.2.2.3A, 8.2.2.3.4, 8.2.2.4.1C, 8.3.1.1.B, 8.3.2.1C, 8.4.1.2.4, 8.4.2.2.4, 8.5.1.2.4, 8.5.2.2.4
Antenna configuration 2 x 2

3 faded cells on 1 carrier
	1
	0
	2
	12

	feICIC
	TS 36.101: 9.5.4.1, 9.5.4.2
Antenna configuration 2 x 2

3 faded cells on 1 carrier
	1
	0
	2
	12

	feICIC
	TS 36.133: A.7.3.17, A.7.3.18, A.7.3.19, A.7.3.20, A.7.3.21, A.7.3.22
Antenna configuration 2 x 2

3 faded cells on 1 carrier
	1
	0
	2
	12

	Adv Rx Type A
	TS 36.101: 8.2.1.2.4, 8.2.1.4.1B, 8.2.2.2.4, 8.2.2.4.1B
Antenna configuration 2 x 2

3 faded cells on 1 carrier
	1
	0
	2
	12

	Adv Rx Type A
	TS 36.101: 8.3.1.1A, 8.3.2.1B
Antenna configuration 4 x 2

2 faded cells on 1 carrier
	1
	0
	2
	16

	CoMP
	TS 36.101: 8.3.1.3.1, 8.3.1.3.2, 8.3.1.3.3, 8.3.2.4.1, 8.3.2.4.2, 8.3.2.4.3
Antenna configuration 2 x 2

2 faded TPs on 1 carrier
	1
	0
	2
	8

	CoMP
	TS 36.101: 9.3.6.1, 9.3.6.2
Antenna configuration 4 x 2, 2 x 2
2 faded TPs on 1 carrier
	1
	0
	2
	12

	EPDCCH
	TS 36.101: 8.8.3.1, 8.8.3.2
Antenna configuration 2 x 2

2 faded TPs on 1 carrier
	1
	0
	2
	8

	Maximum requirement
	
	1
	0 UTRA

0 GSM
	2
	16


The key aspects of complexity are not increased by Rel-11 features.
4. Rel-12
Main additional Work Items considered were NAICS, IncMon, 3DL CA and D2D. Other Rel-12 work items such as Low cost & enhanced coverage MTC UE, eIMTA, SCE, IC for SU-MIMO and DuCo are not expected to affect the overall maximum requirement. 
The requirements and test cases listed below are those that could affect the overall maximum requirement. 
Table 3: Most demanding requirements and Test cases introduced by Release 12  

	Work Item
	Requirement
	# E-UTRA Carriers
	# other RAT Carriers
	# UE Rx antennas
	# faded paths

	NAICS
	TS 36.101: Requirements not fully defined yet, but likely to be:
Antenna configuration 2 x 2

3 faded cells on 1 carrier
	1
	0
	2
	12

	IncMon
	TS 36.133: Test cases not fully defined yet, but NTE=4 agreed in R4-151120.
For “pure” E-UTRA #carriers = NTE
For Inter-RAT # other RAT carriers = NTE -1
Antenna configuration 1 x 2

4 cells on 4 carriers, assume static
	4
	3 UTRA
	2
	0

	3 DL CA
	TS 36.101: 8.2.1.4.3, 8.2.2.4.3

3DL requirements agreed in R4-151085
Antenna configuration 4 x 2

3 faded carriers
	3
	0
	2
	24

	3 DL CA
	TS 36.101: 9.6.1.3, 9.6.1.4
3DL requirements agreed in R4-150062
Antenna configuration 1 x 2

3 static carriers
	3
	0
	2
	0

	3 DL CA
	TS 36.133: A.8.x Test cases not fully defined yet, but 4 cells on 3 carriers, Antenna configuration 1 x 2, 3 faded cells on 2 carriers + 1 static cell on 1 carrier agreed in R4-151108
	3
	0
	2
	6

	3 DL CA
	TS 36.133: A.9.x Test cases not fully defined yet, but 5 cells on 3 carriers, Antenna configuration 1 x 2, 5 static cells on 3 carriers agreed in R4-150450
	3
	0
	2
	0

	D2D
	TS 36.101: Communication requirements not defined yet, but offline discussions suggest 3 source UEs on 1 carrier, Antenna configuration 1 x 2, all faded.
	1
	0
	2
	6

	D2D
	TS 36.101: 11.5.1, 11.5.2

400 Active Sidelink UEs

Antenna configuration 1 x 2, static conditions. 
	1
	0
	2
	0

	Maximum requirement
	
	4
	3 UTRA

0 GSM
	2
	24


· E-UTRA carriers increased from 3 to 4
· UTRA carriers increased from 1 to 3, GSM unchanged at 1
· 2 UE Rx antenna ports, unchanged
· Faded paths increased from 16 to 24
· 400 Sidelink UEs introduced
The increase in #E-UTRA carriers is driven by the IncMon requirement.

The increase in #UTRA carriers is driven by the IncMon requirement

The increase in faded paths is driven by the 3DL CA demodulation requirement.
The is a requirement to simulate 400 Active Sidelink UEs is driven by D2D   
5. Rel-13
Main additional Work Items considered were 4DL CA, 5DL CA, LTE CA Enhancement Beyond 5 Carriers, LTE DL 4 Rx antenna ports and LTE-WLAN Radio Level Integration. Other Rel-13 work items such as Further LTE Physical Layer Enhancements for MTC are not expected to affect the overall maximum requirement.
The requirements and test cases listed below are those that could affect the overall maximum requirement. 
Table 4: Most demanding requirements and Test cases introduced by Release 13  

	Work Item
	Requirement
	# E-UTRA Carriers
	# other RAT Carriers
	# UE Rx antennas
	# faded paths

	4 DL CA
	TS 36.101: 8.2.1.4.3, 8.2.2.4.3

Antenna configuration 4 x 2

4 faded carriers
	4
	0
	2
	(32), but simplified test allows 16

	4 DL CA
	TS 36.101: 9.6.1.1, 9.6.1.3, 9.6.1.4
Antenna configuration 1 x 2

4 static carriers
	4
	0
	2
	0

	4 DL CA
	TS 36.133: A.8.x Test cases not defined, but by extrapolation of 3DL requirements assume 5 cells on 4 carriers, Antenna configuration 1 x 2, 4 faded cells on 3 carriers + 1 static cell on 1 carrier
	4
	0
	2
	8

	4 DL CA
	TS 36.133: A.9.x Test cases not defined, but by extrapolation of 3DL requirements assume 7 cells on 4 carriers, Antenna configuration 1 x 2, 7 static cells on 4 carriers
	4
	0
	2
	0

	5 DL CA
	TS 36.101: 8.2.1.4.3, 8.2.2.4.3

5DL requirements agreed in R4-155646

Antenna configuration 4 x 2

5 faded carriers
	5
	0
	2
	(40), but simplified test allows 16

	5 DL CA
	TS 36.101: 9.6.1.1, 9.6.1.3, 9.6.1.4
5DL requirements agreed in R4-155646, 5648
Antenna configuration 1 x 2

5 static carriers
	5
	0
	2
	0

	5 DL CA
	TS 36.133: A.8.x Test cases not defined, but by extrapolation of 3DL requirements assume 6 cells on 5 carriers, Antenna configuration 1 x 2, 5 faded cells on 4 carriers + 1 static cell on 1 carrier
	5
	0
	2
	10

	5 DL CA
	TS 36.133: A.9.x Test cases not defined, but by extrapolation of 3DL requirements assume 9 cells on 5 carriers, Antenna configuration 1 x 2, 9 static cells on 5 carriers
	5
	0
	2
	0

	LTE CA Enhancement Beyond 5 Carriers
	The WID in RP-142286 [10] calls for up to 32 component carriers. However work has not yet started in RAN4, so it is hard to predict at this stage the practical test cases that will be defined.

Assume Antenna configuration 4x2, faded

Is this feature expected to be combined with 4Rx antenna ports? Antenna configuration 4 x 4 would give 16 paths.
	32?
	0
	2 or 4?
	Simplified test allows 16

	LTE DL 4 Rx antenna ports
	TS 36.101: No PSDCH tests yet
Way forward approved in R4-156860, 1 and 2 layers:

PSDCH test based on 8.2.2.4.3 test 1, Antenna configuration 4 x 4

1 faded carrier

Way forward noted in R4-156875, 3 and 4 layers also proposes 4 x 4
1 faded carrier

Control channel tests also 4 x 4, faded based on Demod adhoc R4-156868
	1
	0
	4
	16

	LTE DL 4 Rx antenna ports
	TS 36.101: No CSI tests yet

Proposals listed in R4-156862 (noted) for PMI include 8 x 4, 1 faded carrier.
CQI may include 4 x 4 with interferer (2 faded carriers) for Enh Rx Type C?

No formal agreement reached yet
	2
	0
	4
	32

	LTE DL 4 Rx antenna ports
	TS 36.133: No RRM tests yet

Assume only RLM tests affected

Assume 4 x 4, 1 faded carrier?
No formal agreement reached yet
	1
	0
	4
	16

	LTE-WLAN Radio Level Integration
	TS 36.133: No RRM tests yet

Assume one WLAN signal?


	1
	1 WLAN
	2
	0

	Maximum requirement
	
	32?
	1 WLAN
0 UTRA

0 GSM
	4
	32


· E-UTRA carriers increased from 4 to 32, depending on practical “Beyond 5 Carriers” test cases
· UTRA and GSM carriers unchanged at 3 and 1 respectively, 1 WLAN added
· UE Rx antenna ports increased from 2 to 4
· Faded paths increased from 24 to 32, assuming simplified method for CA demodulation
· Sidelink UEs unchanged at 400
The increase in #E-UTRA carriers is driven by the CA Enhancement Beyond 5 Carriers requirement, but depends on how many carriers are required to be tested simultaneously. We note that for IncMon, RAN4 agreed that the feature could be adequately tested without activating all the carriers simultaneously.
The increase in faded paths is driven by the 8 x 4 demodulation requirement for the LTE DL 4 Rx antenna ports WI, assuming that tests with an interfering cell are limited to 1 interferer, each cell with 4x4 antennas.
For Rel-13, the biggest unknown factors to dimension the test system are: 

a) For the LTE CA Enhancement Beyond 5 Carriers WI, will practical test cases need 32 carriers simultaneously? 

b) How RRM tests are specified for higher orders of CA
6. Summary 
It can be seen that for Rel-13, there is a range of possibilities, depending on the new Rel-13 Work Items. Anritsu welcomes feedback from RAN4 companies on the questions a) and b) above, to narrow down the range of options to be considered and guide RAN4 towards a practical Test system complexity. 
Key aspects of Test system complexity for Release 13  

	
	
	# E-UTRA Carriers
	# other RAT Carriers
	# UE Rx antennas
	# faded paths

	Maximum requirement
	
	32?
	1 WLAN

3 UTRA

1 GSM
	4
	32
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