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1.
Introduction
During RAN4 discussions on UE requirements and their associated test cases, the question of test equipment complexity often arises. As a 3GPP Work item reaches the point where firm requirements emerge, it is useful to consider how these will be translated into practical test cases. This can benefit both UE vendors and TE vendors, by avoiding unnecessarily complex test systems, and reducing the risk of requests from RAN5 to rewrite/re-simulate requirements after RAN4 has completed the Work Item.
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
Levels of complexity are considered based on Work Items up to Release 12, with consideration of the emerging Work Items in Release 13.

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

	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
	12


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: Discovery requirements not defined yet, but offline discussions suggest a number of source UEs on 1 carrier, 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
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. 
5. Rel-13
Main additional Work Items considered were 4DL CA, LTE CA Enhancement Beyond 5 Carriers and LTE DL 4 Rx antenna ports. Other Rel-13 work items such as Further LTE Physical Layer Enhancements for MTC are not expected to affect the overall maximum requirement.
The Dual Connectivity enhancements Work Item in [8] and the LTE-WLAN Radio Level Integration and Interworking Enhancement in [9] are not expected to increase any key parameters beyond the CA 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?
By extrapolation of 3DL requirements
Assume antenna configuration 4 x 2

4 faded carriers
	4
	0
	2
	32

	4 DL CA
	TS 36.101: 9.6.1.3, 9.6.1.4?
By extrapolation of 3DL requirements
Assume antenna configuration 1 x 2

4 static carriers
	4
	0
	2
	8

	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

	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.
Is this feature expected to be combined with 4Rx antenna ports? Antenna configuration 8 x 4 with 32 faded carriers would give 1024 paths.
	32?
	0
	2 or 4?
	up to 1024
Depends on #Rx Ant ports

	LTE DL 4 Rx antenna ports
	The WID in RP-150427 [11] mentions an 8 x 4 MIMO system. Although work has not yet started in RAN4, this can be used to predict the test cases that will be defined.

4 DL CA has been assumed when calculating the key parameters.

TS 36.101: 8.2.1.4.3, 8.2.2.4.3?

By extrapolation of 4DL requirements

Assume antenna configuration 8 x 4,
4 faded carriers.

Antenna configuration 8 x 4 with 4 faded carriers would give 128 paths
TS 36.101: CSI requirements 9.x
Have been assumed to be no more demanding than demodulation requirements.

The effect of combining this feature with LTE CA Enhancement Beyond 5 Carriers is covered under that WI. 
	4
	0
	4
	128



	Maximum requirement
	
	32?
	0 UTRA

0 GSM
	4
	128 to 1024?


· 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
· UE Rx antenna ports increased from 2 to 4
· Faded paths increased from 24 to 1024, but could be restricted if agreed
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, and how many carriers are required to be tested simultaneously for LTE CA Enhancement Beyond 5 Carriers WI.
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) Will the LTE CA Enhancement Beyond 5 Carriers be combined with 4 Rx antenna ports?
6. Summary 
It can be seen that for Rel-13, there is a very wide 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
	
	?
	3 UTRA

1 GSM
	4
	?
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