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1. Introduction
The TX 
and RX test cases in TS 36.521-1 [1] are using test description with the following elements: 
· Initial Conditions

· Test setup definition

· Test configuration setup

· First setup procedure between the SS and the UE to reach a correct test state. 

· Test Procedure

· Message Contents

This document aims to discuss the elements of the test description that require attention in detail when defining requirements for Carrier Aggregation test cases in sections 6 and 7 [1], and proposes the test configuration table to be used for Tx and Rx CA tests..

2. Elements for Test Description
2.1 Initial Conditions
Initial conditions have to be defined having the CA configurations in mind:

· There will be different CA configuration use cases; intra-band, inter-band contiguous. In later releases the requirement base will expand and introduce at least intra-band non-contiguous, >2 CCs, and more than one active UL in inter-band CA situations.

· In Tx, the configurations concentrate mostly on intra-band contiguous case due to inter-band using only one active UL carrier in release 10.

· In Rx, both of the inter- and inra-band cases are relevant due to the requirement dependency in which way the UL is active.
Table 1 from TS 36.101 v10.5.0 [2] demonstrates how wide the aggregation is currently been designed to reach and needs attention when CA test requirements are being defined.

Table 1: CA bandwidth classes and corresponding nominal guard bands

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	0.05BWChannel(1)

	B
	NRB,agg ≤ 100
	2
	FFS

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2))

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	Note 1:
BWChannel(1) and BWChannel(2) are channel bandwidths of two E-UTRA component carriers according to Table 5.6-1.


Using table 1, the following two tables from TS 36.101 v10.5.0 [2] show the current design for different CA CC combinations. In most cases, the CA configurations are designed to work in combinations of equal channel bandwidths. All the three tables show there could be different numbers of component carriers, transmission bandwidth can vary from CA configuration to another, and as exceptions there could be unequal channel bandwidths in use. 

Table 2: Supported CC combinations per CA configuration for intra-band contiguous CA
	CA Configuration / NRB_agg

	E-UTRA CA Configuration
	E-UTRA Band
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB

(15 MHz + 15 MHz)
	100RB+100RB

(20 MHz + 20 MHz)

	CA_1C
	1
	
	Yes
	Yes

	CA_40C
	40
	Yes
	Yes
	Yes


Table 3: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1A-5A
	1
	
	
	
	Yes
	
	

	
	5
	
	
	
	Yes
	
	


When these configurations above are being designed, the release 11 work needs to be taken into account with as easy adaptation as possible of future CA configurations. And at the same time any potential action toward more complex scenarios in types of CA configurations has an impact as well. 

While adding multi-cluster allocations for intra-band CA Tx testing, the test configuration setup will require careful analysis. 
2.2 Test Setup and Configurations
Approach to Test setup definition
· Potential updates in the references

Approach to Test Configuration setup

· Test Environment depends on each test case as in single carrier case
· Re-use of single carrier configuration, but in case of extreme conditions the necessity of testing TL/TH and VL/VH also for aggregated carrier should be re-evaluated. 

· Test Frequencies should be visited for each test case and band combination to avoid redundant testing.
· In intra-band contiguous case, one option is not to test case mid channel case at all, or potentially to use a width limit for the CA band to allow fewer channels to be tested.

· TS 36.508 [3] needs an update for the frequencies based on the selections.

· Test Channel Bandwidths in inter-band CA case should follow the configuration table format from Release 8, but the intra-band CA case requires a aggregated NRB based approach. 
· Test Parameters for the configurations can follow rel-8 in inter-band CA case (table 3), but with intra-band the configurations should be according to the worst cases within the CA Configuration / NRB_agg (table 2)
· Depending on how the Release 11 CA configurations will impact Release 10, test configuration tables will grow more complex and CA configuration specific requirements should be avoided. Naturally, one option is to create an annex to each CA configuration, but then each test case may require different set of test points.
· A challenge will be to accommodate RAN4 requirements, but to keep the RAN5 tests reasonable at the same time. 

· It is still unknown to what extent do the CA scenarios and test case requirements evolve and therefore, a further analysis of types of CA scenarios would help in developing an approach in test point definition that would meet the appropriate worst case scenarios in CA. 
A proposal to initial setup for the test state
· Use a similar test setup procedure, but with TS 36.508 [3] related reference information has to be reviewed for RRC connection setup, cell settings, and also Annex RMC references.

2.3 Test Procedure
The procedures should follow the same path as in single carrier, but these may need exceptions/modifications to accommodate different procedures for intra-band contiguous or inter-band CA scenarios.
2.4 Message Contents
Initially, the approach should be as in single carrier case.  
3. Framework for Intra-band contiguous TX scenarios
Following is a proposal for the Intra-band CA test configurations format. Explanations of the used definitions are provided after table.
Table 3: Test Configuration Table for Intra-band Contiguous TX Test Cases
	Test Environment as specified in 
TS 36.508[7] subclause 4.1
	Normal, [TL/VL, TL/VH, TH/VL, TH/VH]

	Test Frequencies as specified in
TS36.508 [7] subclause [4.3.1] for different CA bandwidth classes.
	[B: Low, Mid, High]
C: Low and High range

	Test CC Combination setting (NRB_agg) as specified in subclause 5.4.2A.1 for the CA Configuration
	Lowest NRB_agg 
Highest NRB_agg

	Test Parameters for CA Configurations

	CA Configuration / NRB_agg
	CC
MOD
	DL Configuration
	UL Configuration

	PCC
NRB
	SCCs
NRB
	
	PCC & SCC RB allocation
	NRB_alloc
	PCC & SCC RB allocation
(LCRB @ RBstart)

	75
	75
	QPSK
	N/A 
for this test
	1
	P_1@0
	 
	 
	 

	75
	75
	QPSK
	
	16
	P_16@0
	 
	 
	 

	75
	75
	QPSK
	
	75
	P_75@0
	 
	 
	 

	75
	75
	QPSK
	
	150
	P_75@0
	S_75@0
	 
	 

	75
	75
	16QAM
	
	16
	P_16@0
	 
	 
	 

	75
	75
	16QAM
	
	75
	P_75@0
	 
	 
	 

	75
	75
	16QAM
	
	150
	P_75@0
	S_75@0
	 
	 

	75
	75
	QPSK
	
	2
	P_1@0
	S_1@74
	 
	 

	75
	75
	QPSK
	
	15
	P_5@0
	P_5@35
	S_5@0
	 

	75
	75
	QPSK
	
	75
	P_25@0
	P_20@35
	S_15@0
	S_15@34

	100
	50
	QPSK
	
	1
	P_1@0
	 
	 
	 

	100
	50
	QPSK
	
	12
	P_12@0
	 
	 
	 

	100
	50
	QPSK
	
	50
	P_50@0
	 
	 
	 

	100
	50
	QPSK
	
	150
	P_100@0
	S_50@0
	 
	 

	100
	50
	16QAM
	
	12
	P_12@0
	 
	 
	 

	100
	50
	16QAM
	
	50
	P_50@0
	 
	 
	 

	100
	50
	16QAM
	
	150
	P_100@0
	S_50@0
	 
	 

	100
	50
	QPSK
	
	2
	P_1@0
	S_1@49
	 
	 

	100
	50
	QPSK
	
	15
	P_5@0
	P_5@50
	S_5@0
	 

	100
	50
	QPSK
	
	75
	P_25@0
	P_20@34
	S_15@0
	S_15@34

	100
	100
	QPSK
	
	1
	P_1@0
	 
	 
	 

	100
	100
	QPSK
	
	18
	P_18@0
	 
	 
	 

	100
	100
	QPSK
	
	100
	P_100@0
	 
	 
	 

	100
	100
	QPSK
	
	200
	P_100@0
	S_100@0
	 
	 

	100
	100
	16QAM
	
	18
	P_18@0
	 
	 
	 

	100
	100
	16QAM
	
	100
	P_100@0
	 
	 
	 

	100
	100
	16QAM
	
	200
	P_100@0
	S_100@0
	 
	 

	100
	100
	QPSK
	
	2
	P_1@0
	S_100@0
	 
	 

	100
	100
	QPSK
	
	20
	P_5@0
	P_5@50
	S_5@0
	S_5@50

	100
	100
	QPSK
	
	100
	P_25@0
	P_25@50
	S_25@0
	S_25@50

	Note 1: CA Configuration Test CC Combination settings are checked separately for each CA Configuration, which applicable aggregated channel bandwidths are specified in Table [TBD]


INITIAL CONDITIONS

Test Environment is the same as before.
Test Frequencies have been used as before using low, mid, and high channel definitions, but for each CA class.
Test CC Combination (this was known as Test Channel Bandwidths in Release 8 & 9) are defined in NRB_agg combinations of Primary Component Carrier (PCC) and Secondary Component Carrier (SCC). The idea is to start with testing the low-end pairs and high-end pairs from CA Configuration table. In some exceptions, CA configurations specific test points are possible to specify.
TEST PARAMETERS FOR CA CONFIGURATIONS
PCC NRB defines the configured number of RBs for the primary component carrier. This has to be based on the CA configuration table (tables 2 and 3).

SCC NRB defines the configured number of RBs for the secondary component carrier, and potentially can be used further in later releases with more than 2 CCs being active (CA BW Classes D-E).

DL Configuration defines, as in single carrier, the DL NRBs.
CC MOD defines the modulation used in all component carriers.
UL Configuration defines the RB allocation, but also how many allocations have been assigned in the CC channels, if it is a PCC or SCC, the length of each sub-allocation, and the starting point of each sub‑allocation within that carrier. Example: 105 | P_100@0 | S_5@45

· 105 is the amount of allocated RBs within the aggregated component carriers
· P_100@0

· P stands for PCC

· 100 is the number of RBs in that allocation (also called a cluster in a non-contiguous allocation)

· @0 means the allocation starts at RB#0 

· S_5@45

· S stands for SCC

· 5 is the number of RBs in that allocation

· @45 means the allocation starts at RB#45

P_100 + S_5 = PCC 100RBs + SCC 5RBs = 105 RBs

4. Framework for Intra-band contiguous RX scenarios

Similarly, as in chapter 3, the following table (table 4) provides a framework for intra-band contiguous RX requirements. If applicable, it can also be used in other scenarios. 

Table 4: Test Configuration Table for Intra-band Contiguous RX Test Cases

	Initial Conditions

	Test Environment as specified in 
TS 36.508[7] subclause 4.1
	Normal

	Test Frequencies as specified in
TS36.508 [7] subclause [4.3.1] for different CA bandwidth classes.
	[B: Mid]
C: Mid channel

	Test CC Combination setting (NRB_agg) as specified in subclause 5.4.2A.1 for the CA Configuration
	Lowest NRB_agg 
Highest NRB_agg

	Test Parameters for CA Configurations

	CA Configuration / NRB_agg
	CC
MOD
	DL Configuration
	UL Configuration

	PCC
NRB
	SCC
NRB
	
	PCC & SCC RB allocation
	NRB_alloc
	PCC & SCC RB allocation
(LCRB @ RBstart)

	75
	75
	QPSK
	Full allocation
	130
	P_75@0
	S_55@0
	 
	 

	75
	75
	QPSK
	 
	150
	P_75@0
	S_75@0
	 
	 

	100
	50
	QPSK
	 
	150
	P_100@0
	S_50@0
	 
	 

	100
	100
	QPSK
	 
	130
	P_100@0
	S_30@0
	 
	 

	100
	100
	QPSK
	 
	200
	P_100@0
	S_100@0
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Note 1: CA Configuration Test CC Combination settings are checked separately for each CA Configuration, which applicable aggregated channel bandwidths are specified in Table [TBD]
Note 2. Depending on CA Configuration only the appropriate Uplink RB allocation value according to table [TBD] is tested per CA Configuration Test CC combination.


The difference here is the simplicity in UL allocations. TX allocation and location here is based on 36.101 [2] CA reference sensitivity requirements for UL configurations, which are being used also in single carrier RX tests. 

5. Findings, approach & Proposal
 There are many open issues with the test configurations and this document does not yet fully cover the requirements, but gives an indication of the difficulties and proposal for the approach to take in defining the CA tests. 
To highlight the proposal:

· The test environment approach is the same, but should be revisited in each TC.
· The test frequencies proposal is to take similar approach as in single carrier, but with fewer channels in general. This, however, can also be defined to depend on the width of the operating band and/or of the potential spectrum coverage of aggregated carriers with low, mid, and high frequencies. 
· Test CC Combination selects the lowest and highest NRB_agg 
· A CA Configuration specific test points could be added to accommodate any missing worst case scenarios, if otherwise not possible.
· In some TX cases a configuration ‘ID’ column could be added in table 3.

· CA BW classes D, E, and F will not be introduced to be applicable from Release 10, but the selection for the test points should follow the agreement in Release 10. 
· In UL, the multi-cluster requirements need to be done test case by test case.

· In DL, the allocation do not need as detailed information as in UL as it will be full allocation.
· In Inter-band CA, in principle the Rel-8 single carrier requirements should apply when testing inter-band. The handling of test procedures and test requirements in inter-band cases should be discussed. 
· In Release 10, inter-band CA has only a single active UL, but each test case may require testing the CA configuration with an active UL separately in each band. 

Proposal Summary:

· For RAN5 to take the above information into account and agree to use the test configuration table format proposed.
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