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1. Introduction

The general way forward decided at the RAN5#65 meeting is to, for UEs supporting 3DL CA, test only the 3DL CA and skip the fallback 2DL CA in order to reduce test time, see R5-145363. This is also captured as area 3 in “GCF test optimisation topics for RF v1”. As already noted during the RAN5#65 meeting, some requirements are however different for 2DL CA and 3DL CA, requiring deeper analysis and possible rule exceptions. In this discussion paper we analyse requirement differences and present possible solutions for enabling the “if testing 3DL CA, skip 2DL CA fallback” rule as much as possible, concentrating on 36.521-1 Chapter 7 testcases.
2.  Naming Scheme used for different 3CA Types
In this discussion paper we use the following naming scheme: X, Y, and Z denote different frequency bands, in no particular order (i.e. possible that X>Y). A,C and D denote different CA classes. Class C also covers class B, unless otherwise stated. The full naming scheme is presented in Table 2-1, for different combinations of inter-band, intra-band contiguous and non-contiguous carriers. 
Table 2-1: Used naming scheme for different 3CA Types
	
	
	Inter-band
	Intra-band

Cont.
	Intra-band

Non-Cont.

	2DL CA
	
	XA-YA
	XC
	XA-XA

	3DL CA
	+ Inter-band
	XA-YA-ZA
	XC-YA
	XA-XA-YA

	
	+ Intra-band C.
	
	XD
	XC-XA

	
	+ Intra-band NC
	
	
	XA-XA-XA


Note that permutations are also covered, XC-YA covers YA-XC combinations, XA-XA-YA covers YA-XA-XA etc.
3. 
Fallback Modes of 3DL CA
Table 3-1 shows Fallback modes of each 3DL CA Type.

Optimally, the rule of “if testing 3DL CA, skip 2DL CA fallback” should apply to all 2DL CA fallbacks, but since requirements for different 3DL CA and 2DL CA types can be different, each fallback in each testcase has to be investigated separately.
Table 3-1: Fallback modes of different 3DL CA types
	3DL CA Type
	Fallback modes

	
	XA-YA etc
	XA-XA
	XC

	XA-YA-ZA
	X
	
	

	XC-YA
	X
	
	X

	XA-XA-YA
	X
	X
	

	XC-XA
	
	X
	X

	XD
	
	
	X


Note also that each configuration containing XC or XD can support either 1 or 2ULs in XC/XD block, necessitating 2 test defintions. 
Note that each configuration will be tested with UL in each band (so 3 times for XA-YA-ZA, 1 time for XD or XC-XA). 
4. Per-testcase Discussion of Chapter 7 Testcases
Since requirements differ per-testcase, we will consider each testcase separately.
4.1 Reference sensitivity level for CA (7.3A)
Generally speaking, apart from cases with REFSENS/UL RB Alloc exceptions, including non-contiguous CA, implementing “if testing 3DL CA, skip 2DL CA fallback” rule is relatively straightforward for this testcase since both the REFSENS requirements and UL RB Allocations remain basically the same for any Single Carrier and CA scenario, all 2DL CA requirements can be fully tested in a 3DL CA scenario.
There are however 3 areas to consider: handling of REFSENS/UL RB Alloc exceptions, testpoint selection for 3DL CA and Test Configuration Table format.
Handling of REFSENS/UL RB Alloc exceptions
For a few Inter-band (XA-YA) combinations and most FDD non-contiguous (XA-XA) combinations, REFSENS measurements for SCC have exceptions to the rule of using single carrier REFSENS requirement and single carrier UL Alloc. Those exceptions are also specified in 3DL CA, but the the RB allocation / frequency position prescribed for 1st SCC testing might not be optimal for 2nd SCC testing.
· Example: Both 1A-3A and 1A-3A-5A CA prescribes bottom-aligned 25RBs and 45RBs (and certain frequency positions) for UL Allocation if PCC is in B1. Single carrier and 1A-5A would be normally tested with full allocation.
· Proposed Solutions:
· Prescribed frequency positions: Incorporate into Test frequencies table, loosing some degrees of frequency choice freedom. In 1A-3A-5A case, this requires that we have 2 testpoints with 40MHz (minimum) and 60MHz B3 DL<->B1UL gaps. 
· UL Alloc. Solution 1 (preferred): On top of 3CA prescribed UL Allocations for PCC in the given band, add the “default”, i.e. single carrier UL Allocation testpoint. Only REFSENS of SCC relevant to exception is tested with exception UL Allocations, PCC and other SCC is tested with the “default” UL Allocation. This solution is already implemented for 2DL intra-band non-contiguous CA. 
· UL Alloc. Solution 2: Use the UL Alloc. specified in 3DL CA testcase for all REFSENS tests. In the 1A-3A-5A example, that would mean we’d use 25RBs and 45RBs also for B1 and B5 REFSENS. This is not much coverage loss, since B1 REFSENS is tested in Single Carrier with full allocation, and B5 is so far away from B1 that B1 UL Alloc. doesn’t matter.  
Testpoint selection (Test frequencies table)
In order to be able to skip 2DL CA tests, 3DL CA tests should include most testpoints specified for Fallback 2DL CA. However, in some cases, if multiple underlying 2DL CA combos have non-compatible Test frequencies and Test CC combinations exception tables, the resulting 3DL testpoint table can become very big, in worst case not reducing number of tests at all comparing to the sum of number of testpoints for each combination. This is also a problem in FDD XA-XA-YA cases. 
· Example: 1A-3A-8A will be a bad case, since 1A-3A and 3A-8A use very different testpoints
· Solution: No general solution, to the companies defining 3DL CA testcases, we’d suggest to generally try to include all 2DL CA testpoints in the 3DL CA testcase, but if by small optimization (eg. CC BW change) it would be possible to lower number of testpoints without loss of test coverage, please consider doing that.
Format of Test Configuration and Test frequencies and Test CC combinations Table

With coming of 3DL CA, the test tables’ format requires rethinking. XD and XC-XA CA testcases could probably reuse the current formats for XC and XA-XA. However, for formats with more than one band, especially XA-YA-ZA, a new format might be needed, which, in best cases would be common for as many 3DL CA types as possible. In this chapter we only present ides, without full solutions.
XA-YA-ZA Table Format Ideas

Idea 1: Keep roughly the same format as for 2DL Inter-Band CA (Test Configuration Table + Test frequencies and Test CC combinations Table). To avoid Test Configuration Table exploding in size, remove information on SCC from the table, keep only PCC info. Info on SCC BWs will be only in Test frequencies and Test CC combinations Tables, which become obligatory for each 3DL CA combiantion.
Current grid format of Test frequencies and Test CC combinations Table becomes hard to use with 3+carriers. We’d propose here a list-based format instead. An example of how that could look like below.
Table 7.3A.3.4.Y-XX: Test frequencies and Test CC combinations for CA_2A-4A-12A

	ID
	Band 2
	Band 4
	Band 13
	Notes

	
	Range
	BW
	Range
	BW
	Range
	BW
	

	1
	Low
	10MHz
	Low 
	10MHz 
	Mid
	10MHz
	

	2
	Mid
	15MHz
	Mid
	15MHz
	
	
	

	3
	High
	20MHz
	High
	20MHz
	
	
	


Table 7.3A.3.4.Y-XX: Test frequencies and Test CC combinations for CA_1A-3A-5A

	ID
	Band 1
	Band 3
	Band 5
	Notes

	
	Range
	BW
	Range
	BW
	Range
	BW
	

	1
	Low
	20MHz
	High 
	5MHz 
	Mid
	10MHz
	Note 2,4
PCC in B1

	2
	Low
	20MHz
	High
	15MHz
	Mid
	10MHz
	

	3
	Low
	20MHz
	High
	20MHz
	Mid
	10MHz
	

	4
	Mid
	20MHz
	High
	20MHz
	Mid
	10MHz
	Note 3,4
PCC in B1

	5
	Low
	20MHz
	High
	20MHz
	Mid
	10MHz
	PCC in B3&B5

	Note 1:
For Band 1 as PCC, the exceptions described in Table 7.3A.1.3-0bA are tested.

Note 2:
This is the case that the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz.
Note 3:
This is the case that the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz.
Note 4:      For B3 REFSENS testing, the appropriate Uplink RB allocation value according to Table 7.3A.1.3-0d is applied. For B1 nad B5 REFSENS testing, Uplink RB allocation value according to Table 7.3.5-2 is applied.




Idea 2: Follow roughly the Non-Contiguous CA Format, as proposed also by Docomo. The advantage of this approach is unification of formats between different CA types and clear specification of each separate testpoint, for UL in each band. This makes the spec easier to understand for measurement. The disadvantage is much larger size of resulting tables – 3x for standard inter-band XA-YA-ZA cases due to UL in each Band. This might require splitting the table in some way. 
4.2 Maximum input level for CA (7.4A)
This testcase has the same requirement for Single Carrier as well as all CA cases except for being 3dB relaxed for Class B. The “if testing 3DL CA, skip 2DL CA fallback” rule can be therefore implemented without loss in coverage for all fallback cases apart from XB-YA ( XA-YA.

Possible solutions for XB-YA ( XA-YA Fallback:
· Option 1: (preferred) Conditional skipping fallback: If XB-YA passed the non-relaxed requirement (with -25dBm input), skip XA-YA testing, otherwise repeat the tes

· Option 2: Test the fallback: Do not implement the rule for XB-YA (XA-YA, this is currently a rare case (2A-12B and 4A-12B)
· Option 3: Wait with the decision: 3DL CA WI has no XB-YA config for now
4.3 ACS (7.5A)

Requirements for different single carrier BWs (& Class A), and  B, C and D are different. This is not a problem for implementing “if testing 3DL CA, skip 2DL CA fallback” rule for XA-YA-ZA and XA-XA-YA, or XC fallback of XC-XA /XC-YA. However, XC fallback of XD, XA-XA fallback of XC-XA and XA-YA fallback of XC-YA have different requirements.
Possible solutions:

· XD ( XC Fallback: Test fallback mode XC even if XD tested.

· Note: for XD tests, suggest testing only highest NRB_agg.
· XC-YA(XA) ( XA-YA(XA) Fallback:

· Option 1 (preferred): Skip the fallback
In 2DL inter-band CA, only Highest NRB_agg is tested, even though requirements are different for smaller BWs. Follow this logic and treat XC as higher BW of XA testpoint. XA is also separately tested in Single Carrier testcases.

· Option 2: Test the fallback
Secures same/better coverage as 2DL CA, but increases testing time.
4.4 In-Band blocking (7.6.1A)

Same considerations as ACS. 

4.5 Out-of-Band blocking (7.6.2A)

Highest prio testcase for test limitation due to very long test!! 
This testcase has the same requirement for Single Carrier LTE20 as well as all CA cases, interms of blocker positions and power. The “if testing 3DL CA, skip 2DL CA fallback” rule can be therefore implemented without loss in coverage for all fallback cases apart from XB-YA ( XA-YA.

This is true also for XC-YA (XA-YA fallback because in XA-YA fallback we would be testing only Highest NRB_agg. , which is LTE20 for all bands supporting Class C CA. This is generally not true for Class B CA.

Possible solutions for XB-YA ( XA-YA Fallback:
· Option 1: (preferred) Skip the fallback: Treat XB as a higher BW of XA, similar to LTE20. Following the logic of the XA-YA inter-band testcase, only highest band X BW is tested: i.e. Cl. B CA. 

· Option 2: Test the fallback: Do not implement the rule for XB-YA (XA-YA, this is currently a rare case (2A-12B and 4A-12B)
· Option 3: Wait with the decision: 3DL CA WI has no XB-YA config for now

Note a smaller side issue: If testing XA-YA-ZA, strength of blockers around band Z will be lower than it would have been if we tested only XA-YA, since distance to band Z will count for blocker strength. This is already so for XA-YA VS Single carrier testing, extending this approach to 3DL CA is reasonable.  

4.6 Narrow band blocking (7.6.3A)

Same considerations as OOB blocking.

4.7 Narrow band blocking (7.7A)

Same considerations as OOB blocking.

4.8 Wide band intermodulation (7.8.1A)

Same considerations as ACS. 
5. Conclusions
Conclusions per CA type, in which testcases “if testing 3DL CA, skip 2DL CA fallback” rule can be implemented:
· XA-YA-ZA and XA-XA-YA: No major obstacles in all RX testcases
· XC-YA/XC-XA/XB-YA ( XC/XB: No major obstacles in all RX testcases
· XC-YA and XC-XA ( XA-YA/XA-XA: Potential obstacles in ACS, In-Band Blocking and Wide band intermodulation tests. No major obstacles in other RX testcases
· XB-YA ( XA-YA: Potential obstacles in a all RX testcases, apart from REFSESNS
· XD: Potential obstacles in ACS, In-Band Blocking and Wide band intermodulation tests. No major obstacles in other RX testcases
· XA-XA-XA: Not fully analyzed, not in 3DL CA WI or RAN4, but no major obstacles in all RX testcases expected
Proposals:
Proposal 1: Apply “if testing 3DL CA, skip 2DL CA fallback” Rule for all Fallbacks of XA-YA-ZA and XA-XA-YA CA Types, for all RX testcases
Proposal 2: Apply “if testing 3DL CA, skip 2DL CA fallback” Rule to all XC/XB fallbacks of XC-YA/XC-XA/XB-YA, for all RX testcases.

Proposal 3: Apply “if testing 3DL CA, skip 2DL CA fallback” Rule to all XA-YA/XA-XA fallbacks of XC-YA/XC-XA, for all RX testcases.

Can be controversial for ACS, In-Band Blocking and Wide band intermodulation tests, but it follows logic of the XA-YA testcases (Test XA with the highest possible BW only, ie. XC).

Proposal 4 (if 3 not agreed): Apply “if testing 3DL CA, skip 2DL CA fallback” Rule to XA-YA/XA-XA fallbacks of XC-YA/XC-XA, for all testcases apart of ACS, In-Band Blocking and Wide band intermodulation tests.

Proposal 5: Apply “if testing 3DL CA, skip 2DL CA fallback” Rule to XA-YA fallback of XB-YA for all testcases.

Can be controversial for all cases except REFSENS, but it follows logic of the XA-YA testcases (Test XA with the highest possible BW only, ie. XB).
Proposal 6 (if 5 not agreed): Apply “if testing 3DL CA, skip 2DL CA fallback” Rule to XA-YA fallback of XB-YA, for REFSENS and OOB Blocking test.

Proposal 7: Apply “if testing 3DL CA, skip 2DL CA fallback” Rule to XC fallback of XD for all testcases apart of ACS, In-Band Blocking and Wide band intermodulation tests.

Proposal 8: Wait with decision on XA-XA-XA CA until RAN4 defines requirements. 
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