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Discussion on default test point selection for CA reference sensitivity
1. Introduction
Generic initial test conditions, such as environmental conditions, test frequencies, channel bandwidths, subcarrier spacing (SCS) are discussed in previous RAN5 presentation [1] and [2]. The general agreement is that FR1 testing mostly follows similar requirement as for LTE. A recent paper [3] also referenced to an agreed common uplink configuration table for all TX test cases.
In another RAN5 paper (R5-185892), it proposed that NR test point selection shall follow what is specified in SA scenarios.  

The purpose of this paper is to propose test point selection for FR1 CA reference sensitivity testing.   
2. Discussion

From TS 38.521-1, the initial conditions used for NR RX reference sensitivity is given below (Table 7.3.2.4.1-1)  
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in TS 38.508-1 [5] subclause4.3.1
	Low range, Mid range, High range (NOTE 4)

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest (NOTE 4)

Lowest UL / Lowest DL, Lowest UL / Highest DL (NOTE 3)

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	Modulation
	RB allocation
	Modulation
	RB allocation

	1
	CP-OFDM QPSK
	Full RB (NOTE 1)
	DFT-s-OFDM QPSK
	REFSENS (NOTE 2)

	NOTE 1: 
Full RB allocation shall be used per each SCS and channel BW as specified in Table 7.3.2.4.1-2.

NOTE 2: 
REFSENS refers to Table 7.3.2.4.1-3 which defines uplink RB configuration and start RB location for each SCS, channel BW and NR band. 

NOTE 3:
According to asymmetric channel bandwidths specified in clause 5.3.6.

NOTE 4:
For n70, in addition to default test configurations, additional configurations shall be used to verify reference sensitivity requirements with the UE TX-RX frequency separation of 295MHz (table 5.4.4-1):
5 MHz CH BW with DL @ low range, UL @ mid range
5 MHz CH BW with DL @ mid range, UL @ high range
10 MHz CH BW with DL @ low range, UL @ high range


For Reference, the initial test condition for LTE-CA (inter-band DL CA and UL CA) is listed below: (Table 7.3A.2.4.1-1 in TS 36.521-1)
	Initial Conditions

	Test Environment as specified in

TS 36.508[7] subclause 4.1
	NC, 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, and PCC and SCCs are mapped onto physical frequencies according to Table 7.1-2
	B: Low range, High range

C: Low range, High range (Note 4)

	Test CC Combination setting (NRB_agg) as specified in subclause 5.4.2A.1 for the CA Configuration across bandwidth combination sets supported by the UE.
	Lowest NRB_agg, Highest NRB_agg

(Notes 3, 4)

	Test Parameters for CA Configurations

	CA Configuration / NRB_agg
	DL Allocation
	UL Allocation

	PCC
NRB
	SCCs

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

	6
	25
	QPSK
	6+25
	QPSK
	6
	P_6@0
	-
	-
	-

	15
	50
	QPSK
	15+50
	QPSK
	15
	P_15@0
	-
	-
	-

	25
	25
	QPSK
	25+25
	QPSK
	20
	P_20@0
	-
	-
	-


2.1. Test case structure

In order to improve the very time-consuming TP analysis made in LTE for each CA configuration, a new approach is taken for NR. This approach which is described in this section is relying on certain properties of the RAN4 CA requirements. 
1) For refsens we need to find a better way than LTE to specify which fallbacks can be skipped. Right now in LTE, fallbacks are skipped unless there is a documented exception in TS36.521-2. This means that the fallback is skipped even if no technical analysis has been made, leading to insufficient testing of demanding CA configurations. We need to reverse this to say that fallback can only be skipped if there has been a technical analysis performed in 38.905. 

2) The RAN4 decision to only specify the affected (aggressor and victim) bands for an exception enables a different approach than in LTE that in most cases makes fallback analysis redundant. This is not entirely true for requirements under clause 7.3A.5 and 7.3A.6 of TS38.101-1 but it is assumed that the same approach can be used also in those cases as it greatly simplifies test cases.
3) Test cases can be split into default and additional test cases where default test cases only test where there is no exception (single carrier requirements apply), and additional only test the exceptions in TS38.101-1 7.3A
4) default test cases need to be defined from 2 up to 5 CCs. Since they cover no exception, no fallback analysis is required, and the applicability rule should say that only highest CC number is required (similar to other Rx tests). 

5) As the default test cases are not covering any CA exceptions, there is no need to configure UL CA in these test cases. Single UL configuration is sufficient to fulfil the test purpose. 

6) additional test cases only need to be defined for 2CC (and for intermodulation also 3CC) since this is sufficient for testing the exception. Adding more CCs is not considered to affect the test result and does not add any value. 

7) additional test cases only need to consider pure interband configurations since requirements are the same for intraband contiguous or non-contiguos, and the essential aspect to test is the interference between bands. 

8) It is important for sufficient test coverage to ensure that all band combinations with the highest number of CCs supported in the UE can always be tested. 

9) The highest supported CC number may be with a band including an exception that can be avoided by setting a different test frequency (e.g. harmonic interference). In such cases, there is a need to include test points in the default test case so that this CA configuration can be tested without an exception (see example 1 below). 

10) The highest supported CC number may be with a band including an exception that cannot be avoided by setting a different test frequency (e.g. cross band isolation). In this case the test requirements of the default test that are normally general for any CA config need to include this specific exception requirement. In addition, one fallback configuration needs to be tested to ensure test coverage of the single carrier requirement for the victom band that applies in this case. In order to simplify test applicability this fallback configuration will be specified inside the higher order test case (see example 2 below). 

11) The highest supported CC number may be with a band including a limitation that is not present in the lower order fallback (e.g. UL is not possible in one of the bands). In this case, one fallback configuration needs to be tested to ensure test coverage of the single carrier requirement with UL active in the band. In order to simplify test applicability this fallback configuration will be specified inside the higher order test case. 

12) To ensure that it has been checked that the CA configuration has been fully analysed with regard to test configuration and fallback testing, the CA configuration is listed in TR38.905. 

2.2. Test Environment

Reference sensitivity is one of the critical test cases for NR. Considering NR CA testing scenario is very similar to LTE_CA test case, similar Test Environment should be used for NR CA testing. 

Proposal 1: Propose same Test Environment as used for LTE_CA and NR SA reference sensitivity testing.  NC, TL/VL, TL/VH, TH/VL, TH/VH
2.3.  Test Frequencies selection

In LTE DL CA and UL CA reference sensitivity testing, Low range and High range are selected for intra-band CA testing. Mid range is selected for inter band LTE CA testing. 
Considering NR CA testing scenario is very similar to LTE_CA test case, similar Test Frequencies should be used for NR CA default case.
It is proposed that Low and High Range are tested as default for intra-band and mid range for inter-band. For CA combinations containing intra-band configuration in an inter-band CA configuration it is proposed that low and high range are tested for intra-band CA and mid channel for inter-band without intra-band component. It is also proposed that the fallback configurations from intra-band configuration to single carrier component do not need to be tested even if the test frequency would differ (e.g. XA-YC -> XA-YA fallback does not need to be tested even if YC is tested with low/high frequency and YA would be tested with mid frequency) 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	



For CA configurations affected by exceptions the test frequency cannot be freely chosen. One test frequency per exception requirement is sufficient to test the requirement, in addition to testing the case where the exception is avoided. This is indicated in table 2.3-2. Exceptions in TS 38.101-1 clause 7.3A.5 (2UL intermodulation) are not specified since the test frequency and channel bandwidth is already specified in TS 38.101-1.
Table 2.3-2 Test frequency selection per band pair for UL harmonics exception.
	Band pair (Note 2)
	Frequency
	Channel BW [MHz]
	Comment

	n3A / n77A
	TBD/TBD
	Highest/Highest
	Non-exception. To be used in test cases 7.3A.1  to 7.3A.4

	
	TBD/TBD
	Highest/Highest
	Exception Note 2 of TS38.101 table 7.3A.4-1

	
	TBD/TBD
	20/20
	Exception Note 3 of TS38.101 table 7.3A.4-1

	n3A / n78A
	Mid/High
	Highest/Highest
	Non-exception. To be used in test cases 7.3A.1  to 7.3A.4

	
	Mid/3495 MHz
	Highest/Highest
	Exception Note 2 of TS38.101 table 7.3A.4-1

	
	Mid/3465 MHz
	20/20
	Exception Note 3 of TS38.101 table 7.3A.4-1

	n8A / n78A
	Mid/High
	Highest/Highest
	Non-exception. To be used in test cases 7.3A.1  to 7.3A.4

	
	Mid/3590 MHz
	Highest/Highest
	Exception Note 5 of TS38.101 table 7.3A.4-1

	n70A / n71A
	Mid/High
	Highest/Highest
	Non-exception. To be used in test cases 7.3A.1  to 7.3A.4

	
	Low/Low
	Highest / 10
	Exception Note 9 of TS38.101 table 7.3A.4-1
n71 UL RB allocation 20@10

	
	Low/Low
	5 / 5
	Exception Note 9 of TS38.101 table 7.3A.4-1
n71 UL RB allocation 8@10


	Note 1:
This selection is used in test case 7.3A.1_1 unless otherwise stated

Note 2:
Aggressor band in bold


Proposal 2a: Low range and high range for intra band CA and mid range for inter-band CA shall be selected for NR in default test cases 7.3A.1 to 7.3A.4 in general, but final selection is band dependent. For CA combinations containing intra-band configuration in an inter-band CA configuration low and high range shall be selected for intra-band CA and mid channel for inter-band without intra-band component. The fallback configurations from intra-band configuration to single carrier component do not need to be tested even if the test frequency would differ. 

Proposal 2b: In the additional test case, one test frequency per exception is selected
2.4. Test Channel Bandwidth selection 
The objective is how to verify the NR CA reference sensitivity.  In intra-band LTE CA reference sensitivity testing, two extreme bandwidth combinations corresponding to Lowest NRB_agg Highest NRB_agg are selected. Highest NRB_agg is selected for inter band LTE CA testing. 
As a simplification the highest aggregated channel bandwidth is proposed to test NR CA reference sensitivity.     
Proposal 3: Highest aggregated channel bandwidth combinations shall be selected for NR CA reference sensitivity measurement. (Highest NRB_agg). 
2.5. Modulation selections

QPSK is used for both uplink and downlink modulations for LTE reference sensitivity measurement which is the same as for LTE standalone reference sensitivity testing.  There is no particular reason to deviate from current LTE configurations of modulation scheme selection.  NR modulations shall also follow what is selected in standalone NR testing.  

Proposal 4: Same modulation schemes as used for standalone NR reference sensitivity measurement shall be selected for NR CA testing.    
2.6. Examples
Example 1 (highest CC number has an exception that can be avoided):

· UE supports CA_XA-YA-ZA-RA (4DL CA)

· CA_X-Y has an exception if testing Low+Low freq

· CA_X-Y has no exception if testing Mid+Mid freq

· Other bands pairs have no exception

Applicable Test cases for the example:

7.3A.1 2CC non-exception/“default”

Skip test (no fallback analysis required)

7.3A.2 3CC non-exception/“default”

Skip test (no fallback analysis required)

7.3A.3 4CC non-exception/“default”

Test CA_XA-YA-ZA-RA in Mid+Mid freq in bands X and Y respectively avoiding the exception
7.3A.1_1 2CC exception/“additional”

Test CA_X-Y in Low+Low freq

Example 2 (highest CC number has an exception that cannot be avoided):

· UE supports CA_XA-YA-ZA-RA (4DL CA)

· CA_X-Y has an exception always (e.g. cross band isolation) with band Y being the victim

· Other bands pairs have no exception

Applicable Test cases for the example:

7.3A.1 2CC non-exception/“default”

Skip test (no fallback analysis required)

7.3A.2 3CC non-exception/“default”

Skip test (no fallback analysis required)

7.3A.3 4CC non-exception/“default”

Test CA_XA-YA-ZA-RA and add exception in test requirements

Add test points for 3CC fallback avoiding the exception CA_YA-ZA-RA
7.3A.1_1 2CC exception/“additional”

Test CA_X-Y 

3. Current test completion status per CA configuration

Table 3-1 Completion status per CA configuration  
	Band combo (Note 3)
	Refsens exception, victim band
	Other limitation (Note)
	Need to test fallback CA configuration. If yes, which configuration. (Note 2)
	Test coverage completion in 38.521-1

	n3A-n8A
	-
	-
	No
	Yes (RAN5#87-e)

	n3A-n77A
	n78
	-
	No
	Yes (RAN5#84)

	n3A-n78C
	n3, n78
	-
	No
	Yes (RAN5#87-e)

	n8A-n78C
	n8, n78
	-
	No
	Yes (RAN5#87-e)

	n70A-n71A
	n70
	-
	No
	Yes (RAN5#85)

	CA_n66A-n70A-n71A 
	n66
	-
	No
	Yes (RAN5#87-e)

	Note 1: Possible limitations are: 1) Not supporting UL in one band, 2) Limited frequency range compared to single carrier case

Note 2: As described in section 2.1, bullet points 10 and 11
Note 3: For a certain band combination, only the maximum completed BW class per band is indicated (only one row required in this table). All lower order BW classes with the same band combination is supported. 
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