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1 Introduction
In RAN4 meeting #74bis, the way forward on DC SDR tests were agreed [1]. The agreed way forward is shown below:

· DC SDR tests
· Specify for both sync DC and sync+async DC UE. 
· Apply async DC SDR test when UE supports sync+async DC. If UE supports only sync DC, apply sync DC SDR test.
· Timing offset is 0us for sync DC UE test and 500us for sync+async DC UE test. 
· Apply DC SDR test to any one of the supported DC configurations covering the largest aggregated bandwidth combination. 
· Whether to specify for both DC (1A) supporting UE and DC (3C) supporting UE or not is FFS.
The open issue is whether RAN4 should specify the new SDR test for both DC (1A) and DC (3C). In this contribution, we would like to share our view on this test.
2 Discussion
2.1 Feasibility of the tests for DC capability 1A and 3C
In our view, it is beneficial to specify both test cases for DC (1A) and DC (3C). The purposes of sustained data rate test are 

· To verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated.

· To verify the UE receiver RF channel performance in order to support peak data rate at high SNR conditions.
In [4] the architectures for different DC capabilities are provided. And we refer to [4] and copy the figure below. Compared to the single carrier and CA, the Layer 1/2 architectures of DC are different. To verify the correct Layer 1 to Layer 2 process should also include the verification of the correct implementation of DC Layer 1/2 architecture.
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Figure 1: UE layer1/2 architectures of CA, DC (1A), and DC (3C) [4]
According to the offline discussion, the follow-up question is whether those tests are feasible. In our opinion they are feasible. If the test equipment follows the specified protocol to process data from higher layer to lower layer for transmission, UE should follow the same protocols in a reverse order. Otherwise, UE will fail to decode the data. So although the similar test metric, i.e., TB success rate, will be used, the implementation of the architectures of DC UE for both Option 1A and Option 3C can be verified given that the test equipment correctly follows the specifications.

Therefore we propose that

· Proposal 1: we propose to introduce the new sustained data rate tests for DC UEs with capabilities of Option 1A and Option 3C respectively.
2.2 How to specify the DC sustained data rate tests
2.2.1 Test metric
We propose to introduce the separate sustained data rate tests for DC 1A and DC 3C. Since the purpose of sustained data rate test is to verify L1/2 jointly processing of data in a sustained manner, the packet rate at PDCP layer should be used as test metric. Thus for DC sustained data rate tests, we need to reuse that test metric.
For DC 3C, the same test metric as used in CA is suitable. For DC 1A, because there are separate PDCP layer per CG, it would be more proper to use PDCP layer packet rate per CG as test metric, say, TB success rate per CG.
· Proposal 2: we propose to reuse the similar test metric as used in CA for DC 3C sustained data rate test, which the TB success rate across MCG and SCG, and to use the TB success rate per CG as test metric for DC 1A.
2.2.2 Applicability
Considering the sync/sync+async and 256QAM (in RAN4 meeting #74 it was agreed to introduce 256QAM DC sustained data rate test), there are eight combinations of test cases, which is given in Table 1. Considering the different bandwidth combinations, the number of test cases would be large. But for a certain UE at most two tests will be selected depending on whether UE supports DC 1A or DC 3C or both. If UE supports both, one DC 1A test and one DC 3C test will be selected. Otherwise only one will be selected.
Table 1: Combinations of DC sustained data rate tests

	Test Num
	DC capability
	Sync or async+sync
	Modulation order

	1
	DC 1A
	Sync
	64QAM

	2
	DC 1A
	Sync
	256QAM

	3
	DC 1A
	Sync+async
	64QAM

	4
	DC 1A
	Sync+async
	256QAM

	5
	DC 3C
	Sync
	64QAM

	6
	DC 3C
	Sync
	256QAM

	7
	DC 3C
	Sync+async
	64QAM

	8
	DC 3C
	Sync+async
	256QAM


So again the applicability rule needs to be defined. We propose the following applicability rules:
· Proposal 3: for DC sustained data rate tests, we propose the following applicability rules:
· Select tests according to DC capability, i.e., selecting DC 1A tests or DC 3C tests or both;
· For a selected DC capability, select the sync test or sync+async test;
· For UE category 11/12, run both 64QAM and 256QAM tests; for UE category 13/14, select 256QAM test.
Regarding the modulation order, there would be some issue as we discussed in SCE WI that the largest testable aggregated bandwidth when 256QAM is used is smaller than that when 64QAM is used. Since we will define the 256QAM sustained data rate test, there would be three options when applying 64QAM/256QAM sustained data rate tests:
· Option 1: If 256QAM sustained data rate test is applicable, do not apply 64QAM sustained data rate test;

· Pros: the test case number applied to a UE is reduced and the maximum capability is tested.
· Cons: the largest aggregated bandwidth supported by a UE is not tested and most useful case with 64QAM is not tested.
· Option 2: Apply both 64QAM and 256QAM sustained data rate tests for UE supporting 256QAM;

· Pros: good test coverage

· Cons: the test case number run for a UE increases

· Option 3: For Category 11 and 12 UE supporting 256QAM apply both 64QAM and 256QAM sustained data rate tests, and for DL UE category 13, 14 select 256QAM sustained data rate test, because according to TS36.306 it is mandatory for UEs of category 13-14 to support 256QAM.
In our opinion, Option 3 would be a compromise and we prefer it.
2.2.3 Specification structure
Currently we have specified the separate sub-clauses for FDD/TDD sustained data rate tests with single carrier and CA transmission scheme, FDD/TDD sustained data rate test with EPDCCH scheduling, and TDD FDD CA sustained data rate tests. Within each sub-clause, we specify the test case for each UE category and with different bandwidths/bandwidth combinations for each UE category. Whether to support 256QAM or not is tightly related to the UE category. Thus we think that it would be more proper to imbed the 256QAM tests in each existing sub-clause with new tables and to specify DC sustained data rate tests by new sub-clauses, which would make the specification more scalable for extension to cover the increasing band combinations and also more consistent.
· Proposal 4: Have new sub-clauses to define FDD/TDD DC sustained data rate tests and within each sub-clause specify both 64QAM and 256QAM tests. 
2.2.4 Bandwidth combinations
We copy the bandwidth combination table from TS36.101 v.12.7.0 below. There are totally five bandwidth combinations as the largest aggregated bandwidths for the separate DC configurations, i.e., 20+20MHz, 20+15MHz, 20+10MHz, 15+15MHz, 10+10MHz for FDD and 20+20MHz for TDD.
Following the agreement in the last RAN4 meeting, i.e., Apply DC SDR test to any one of the supported DC configurations covering the largest aggregated bandwidth combination, RAN4 should define at least five test cases for DC. In the existing CA sustained data rate requirement, there are totally six test cases defined for FDD 2DL CA. Compared to DC, one more test is for 15+10MHz. There would be no harm to specify the same test cases as CA for DC. The same thing happens for TDD.
· Proposal 5: Specify the sustained data rate test cases with the same bandwidth combinations as those specified in CA sustained data rate tests for DC, i.e., 20+20MHz, 20+15MHz, 20+10MHz, 15+15MHz, 15+10MHz, 10+10MHz test cases for FDD DC SDR requirement and 15+20MHz and 20+20MHz test cases for TDD DC SDR requirement.
--------------------------------------------- Text of TS 36.101 ---------------------------------------------------
Table 5.6C.1-1: E-UTRA DC configurations and bandwidth combination sets defined for inter-band DC (two bands)

	E-UTRA DC configuration / Bandwidth combination set

	E-UTRA DC Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	DC_1A-3A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_1A-5A
	1
	
	
	
	Yes
	
	
	20
	0

	
	5
	
	
	
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	DC_1A-7A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	DC_1A-8A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	1
	
	
	Yes
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	DC_1A-19A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_2A-4A
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	2
	
	
	Yes
	Yes
	
	
	20
	1

	
	4
	
	
	Yes
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	2

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_2A-13A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	13
	
	
	
	Yes
	
	
	
	

	
	2
	
	
	Yes
	Yes
	
	
	20
	1

	
	13
	
	
	
	Yes
	
	
	
	

	DC_3A-5A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	2

	
	5
	
	
	Yes
	Yes
	
	
	
	

	DC_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	DC_3A-8A
	3
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	
	Yes
	
	
	20
	1

	
	8
	
	
	Yes
	Yes
	
	
	
	

	DC_3A-19A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_3A-26A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	26
	
	
	Yes
	Yes
	Yes
	
	
	

	
	3
	
	
	Yes
	Yes
	
	
	20
	1

	
	26
	
	
	Yes
	Yes
	
	
	
	

	DC_4A-7A
	4
	
	
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	30
	1

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	2

	
	12
	
	Yes
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	3

	
	12
	
	
	Yes
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	4

	
	12
	
	
	Yes
	Yes
	
	
	
	

	DC_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	30
	0

	
	13
	
	
	
	Yes
	
	
	
	

	
	4
	
	
	Yes
	Yes
	
	
	20
	1

	
	13
	
	
	
	Yes
	
	
	
	

	DC_4A-17A
	4
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	DC_5A-7A
	5
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	DC_5A -12A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	12
	
	
	Yes
	Yes
	
	
	
	

	DC_5A-17A
	5
	
	
	Yes
	Yes
	
	
	20
	0

	
	17
	
	
	Yes
	Yes
	
	
	
	

	DC_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	30
	0

	
	20
	
	
	Yes
	Yes
	
	
	
	

	
	7
	
	
	
	Yes
	Yes
	Yes
	40
	1

	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	DC_7A-28A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	35
	0

	
	28
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_19A-21A
	19
	
	
	Yes
	Yes
	Yes
	
	30
	0

	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	DC_39A-41A
	39
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	41
	
	
	
	
	
	Yes
	
	

	NOTE 1:
Requirements for the dual connectivity configurations are defined in the section corresponding E-UTRA uplink CA configurations, unless otherwise specified.

NOTE 2:
For TDD inter-band dual connectivity configurations, requirements are applicable only for synchronous operation.


--------------------------------------------- Text of TS 36.101 ---------------------------------------------------

3 Conclusions
In this contribution, we discuss the open issues related to DC sustained data rate test. The proposals are summarized as below:
· Proposal 1: we propose to introduce the new sustained data rate tests for DC UEs with capabilities of Option 1A and Option 3C respectively.
· Proposal 2: we propose to reuse the similar test metric as used in CA for DC 3C sustained data rate test, which the TB success rate across MCG and SCG, and to use the TB success rate per CG as test metric for DC 1A.
· Proposal 3: for DC sustained data rate tests, we propose the following applicability rules:
· Select tests according to DC capability, i.e., selecting DC 1A tests or DC 3C tests or both;
· For a selected DC capability, select the sync test or sync+async test;
· For UE category 11/12, run both 64QAM and 256QAM tests; for UE category 13/14, select 256QAM test.
· Proposal 4: Have new sub-clauses to define FDD/TDD DC sustained data rate tests and within each sub-clause specify both 64QAM and 256QAM tests. 
· Proposal 5: Specify the sustained data rate test cases with the same bandwidth combinations as those specified in CA sustained data rate tests for DC, i.e., 20+20MHz, 20+15MHz, 20+10MHz, 15+15MHz, 15+10MHz, 10+10MHz test cases for FDD DC SDR requirement and 15+20MHz and 20+20MHz test cases for TDD DC SDR requirement.
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