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1. Introduction
In RAN4 #78, RAN4 discussion still remained in unclear direction regarding 4RX CA and SDR tests. Up to Rel-13, there exists a few core features to achieve high data rates, the CA tests is regarded in the basic test scope. However, the test structure of the 4-RX UE SDR tests may become very complex when considering the core feature combinations. 
Although the CA tests is regarded in the basic test scope, there was a concern on the test complexity. In [1], consideration options are given as
· SDR tests for CA

· Option 1: Define SDR CA 

· Maximum aggregated bandwidth combination

· Maximum number of aggregated CCs for different layers

· All options to achieve maximum throughput for different UE categories

· Option 2: Don’t define SDR CA tests with 4Rx in Rel-13

In order to avoid simply listing up numerous feature combinations for SDR tests, RAN4 needs reasonable strategies to cover all possible UE implementations. At the same time, right test scopes covering all data rates demanded in market are also important. In this contribution, we discuss how to approach to the Rel-13 SDR tests introduction.
2. SDR Test Rules
During RAN4#78 meeting and in the email discussion after RAN4#78, we have raised a concern about option 2; “Don’t define SDR CA tests with 4Rx in Rel-13”. If Rel-13 UE won’t have CA performance tests, then simply there is no way to test the maximum data rate of the Rel-13 UE. In our view, this looks quite awkward, since we thought that the 4-RX UE feature is one of important features effectively to achieve high data rates.
In the email discussion, the intention of option-2 was explained as RAN4 could first omit 4-RX CA tests in Rel-13 phase, and then would study 4-RX CA tests in Rel-14 with more sophisticated testing scopes. However, Rel-14 discussion is unknown and open discussions at this moment. It is hard to expect what, how and when RAN4 may identify Rel-14 4-RX study scope in a future discussion. Hence, Rel-13 SDR tests including CA tests must be introduced as one Rel-13 test package. 

Proposal 1 : Rel-13 SDR tests and CA tests should be introduced for Rel-13 4-RX UEs. Test complexity won’t be different even if RAN4 discusses it later in Rel-14 phase.
We also believe that a company can propose new interesting items for Rel-14 study regarding CA + 4-RX, but it is up to new discussion and new test scopes.  However, this cannot be the reason to omit 4-RX CA studies for Rel-13.  In the worst case, RAN4 may not assure that all 4-RX tests will be ready for Rel-13 product time line. 
Then, the discussion will be back to another concern on the test structure complexity due to concurrent features. 
A goal of Rel-13 SDR test introduction is to test maximum data rate from 4-MIMO layer usecases. The current TS36.101 Chapter 8.7 has SDR test provided by lower layers. First of all, our preference is to reuse the legacy tests as much as possible as RAN4 did for the demod performance test. RAN4 needs to discuss if the legacy 2-layer SDR tests are applicable to 4-RX UE. For 4-layer SDR tests, a new chapter is required, and in the new chapter for 4-layers, all UE capability reports on CA, 256QAM with 4-MIMO layer supports must be indicated for a tester to select applicable SDR tests.
The SDR test applicability can be read from “fourLayerTM3-TM4-r10” and “fourLayerTM3-TM4-perCC-r12”. Including TM3 4layers support, maximum CA bandwidth and the maximum number of aggregated CC must be declared to apply the SDR tests to 4-RX AP UE as well as 256QAM supports.
Based on the UE capabilities, there exist various UE strategies for data rates. A simple way to reduce the number of test combinations among the listed UE capabilities is to separate 2-RX AP SDR tests (Chapter 8.7) and 4-RX AP SDR tests (new chapter). 

Also, SDR tests also needs to be carefully reviewed about CA usecases with mixed 2-MMIO layer and 4-MIMO layers. If a maximum data rate of an UE cat is only implemented with CA usecases with mixed 2-MMIO layer and 4-MIMO layers, a SDR test is required for such cases. In the next section, we discuss test designs for SDR 4-MIMO layer tests.
3. SDR Test Configurations

In this section, we discuss about SDR tests with 4-MIMO layers first. RAN4 has had discussions UE categories supporting the CRS-TMs with 4-layers, RAN2 spec indicates that CRS-TM high layer UE capability is defined from Rel-10.  Also as mentioned, the high layers are specifically interested for high data rate, we think there will be no problem to define SDR tests with 4-MIMO layers from UE cat 6. From Table 8.7.1-2 to Table 8.7.1-7 in TS36.101, 

Discusion 1 : 4-MIMO layers SDR CA tests 

In Rel-13 UEs, the maximum data rate of the Rel-13 UE cat reaches up to 1Gbps, of which basic strategy is to use 5 CA + 2 layers. When taking the limit of max 1Gbps,  4-MIMO layers + 2-CA + 256QAM achieves 800Mbps, and 4-MIMO layers  + 3-CA + 64QAM achieves 900Mbps as shown table 1. Therefore, testcases with the target data rate can be considered {2-CA for 256QAM} and {3-CA for 64QAM} with priority in Rel-13. In other words, if considering more CCs than those, the maximum data rate is exceeded more than 1Gbps. In a case that a company wants to work on beyond 1Gbps SDR tests, RAN4 can discuss at their request. 
Table 1: Maximum data rate achieved by CA, MIMO layers, QAM combination
	
	1-CA
	2-CA
	3-CA
	4-CA
	5-CA

	2-layers /  64QAM
	150Mbps
	300Mbps
	450Mbps
	600Mbps
	750Mbps

	2-layers / 256QAM
	200Mbps
	400Mbps
	600Mbps
	800Mpbs
	1Gbps

	4-layers /  64QAM
	300Mbps
	600Mbps
	900Mbps
	1.2Gbps
	1.5Gbps

	4-layers / 256QAM
	400Mbps
	800Mbps
	1.2Gbps
	1.6Gbps
	2Gbps


The bandwidth combinations are considered same as the lower layer SDR tests in TS36.101 chapter 8.7. Therefore, we propose to adopt 256QAM + 4-layer SDR tests and 64QAM + 4-layer SDR test in Table 2. RAN4 has agreed to use MCSes to construct FRC tables for the SDR tests as below.

· MCS26 for 256QAM 
· MCS27 for 64QAM 
We propose to make specific 4-RX CA tests chapter and FRC table within Table 2 test scope. A reason to propose table 2 is because the maximum data rate using 4-layers has specific interests in the market. In fields, the 4-layer + CA will be a key feature to maximize spectral efficiency, which is regarded as an important testing point to operators. For the example, currently RAN4 group is discussing antenna connection methods about UE type-2 that only supports 4-layers over all bands. We regard that 4-layer CA tests will be minimum scope of 4-RX UE test.
Proposal 2 : We propose to test 4-RX UE with 4-layer tests as Table 2.  FRC is specified with the agreed MCS (MCS26 for 256QAM and MCS27 for 64QAM ).

. 
Table 2 4RX CA tests with 4-layers
	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)

256QAM
	Maximum supported Bandwidth/ Bandwidth combination (MHz)

64QAM

	Single carrier
	10
	10

	
	15
	15

	
	20
	20

	CA with 2CCs
	10+10
	10+10

	
	10+15
	10+15

	
	10+20
	10+20

	
	15+15
	15+15

	
	15+5
	15+5

	
	20+5
	20+5

	
	15+20
	15+20

	
	20+20
	20+20

	CA with 3CCs
	
	3x20

	
	
	15+20+20

	
	
	10+20+20

	
	
	15+15+20

	
	
	10+15+20

	
	
	10+10+20

	
	
	10+15+15

	
	
	5+10+20


Discusion 2 : 4-MIMO layers + 2-MIMO layers SDR CA tests 

This is the most concern part of Rel-13 4-RX SDR tests. Test structure is unnecessarily complex. The enumerated test combination needs to be reduced due to test costs.
First of all, we would like to comment that this mixed layer CA tests will be regarded important, when a maximum data rate of an UE is found by a mixed layer CA in Table 4. As we predict, a high-end Rel-13 UE cat will achieve the max 1Gbps using 5CA 2-layer mostly. But, a certain vender or a costumer want to achieve 1Gbps in a different way such as (4-layers / 256QAM 2CC) + (2-layers / 256QAM 1CC), then this mixed layer CA tests will be required. Similarly, the previous UE cats also will be achieved in a straightforward CA manners first like 2-layer CA or 4-layer CA respectively. But perhaps certain venders want to achieve it with mixed layer CA combinations. Excluding such situations, this mixed layer cases will not be significantly important to the markets.
In fact, core CA capabilities and functions using 2-layers and 4-layers can be verified separately without this mixed layer CA tests. It implies that the 4-layer CA tests in table 2 and the legacy 2-layer tests in TS36.101 can practically test minimum UE function and usecase of Rel-13 CA.  Anyhow, if a vender or an operator wants it, then we can willingly discuss about the tests.

We enumerate that some of the maximum target data rate achievable in these ways. These cases may be interested by operators or some venders in the market.

· (4-layers / 256QAM 2CC) + (2-layers / 256QAM 1CC)  = 1Gbps      ( UE Cat 16 )

· (4-layers / 256QAM 1CC) + (2-layers / 256QAM 2CC)  = 800Mbps ( UE Cat 15 )

· (4-layers / 64QAM   1CC) + (2-layers  / 64QAM  2CC)  = 600Mbps ( UE Cat 11,12 )

· (4-layers / 64QAM   1CC) + (2-layers  / 64QAM  1CC) = 450Mbps ( UE Cat 9,10 )

In the email reflector discussion, there was a proposal to define CA tests for 4 layer CC as equivalent two 2 layer CC [2]. Rather than enumerating all CA combinations, it would be one way to simply define the mixed CA tests. Such variations are made only from number of MIMO layers and bandwidth combinations. In summary, RAN4 can introduce cases in Table-3 and Table-4 below. On the top of the tables, 64QAM and 256QAM needs to be tested respectively.
Proposal 3 : In order to reduce the testcases, possible proposals  are as below :

Option 1 :   Omit the whole 2-layer + 4-layer mixed CA tests.

Option 2  :  Reduce the number of bandwidth combination.  ( ex : Test bandwidth 10MHz and 20MHz mixed layer CA cases, omit 5MHz and 15MHz mixed layer CA cases. )
Option 3  :  For omitted CA cases, there are 2-RX SDR CA tests in chapter 8.7,  table 8.7.1-2 and table 8.7.1-5 in TS36.101. Define CA test rules that for mixed layer CA case 4-layer CC is tested with equivalent two 2 layer CC. 

Table 3 : SDR tests for 2 layers + 4 layers CA

	CA config
	Maximum supported Bandwidth/ Bandwidth combination 
[ A + B (MHz) ]
	MIMO layers in Band A 
	MIMO layers in Band B 

	CA with 2CCs
	10+10
	2 layers
	4 layers

	
	10+15
	2 layers
	4 layers

	
	
	4 layers
	2 layers

	
	10+20
	2 layers
	4 layers

	
	
	4 layers
	2 layers

	
	15+15
	2 layers
	4 layers

	
	15+5
	4 layers
	2 layers

	
	
	2 layers
	4 layers

	
	20+5
	4 layers
	2 layers

	
	
	2 layers
	4 layers

	
	15+20
	4 layers
	2 layers

	
	
	2 layers
	4 layers

	
	20+20
	2 layers
	4 layers


Table 4 : SDR tests for 2 layers + 4 layers 3-CA

	CA config
	Maximum supported Bandwidth/ Bandwidth combination 
 A + B + C(MHz)
	Max MIMO layers in Band A 
	Max MIMO layers in Band B 
	Max MIMO layers in Band C 

	CA with 3CCs
	3x20
	2 layers
	4 layers
	4 layers

	
	
	2 layers
	2 layers
	4 layers

	
	15+20+20
	4 layers
	2 layers
	2 layers

	
	
	2 layers
	4 layers
	4 layers

	
	10+20+20
	4 layers
	2 layers
	2 layers

	
	
	2 layers
	4 layers
	4 layers

	
	15+15+20
	2 layers
	2 layers
	4 layers

	
	
	4 layers
	4 layers
	2 layers

	
	10+15+20
	2 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	2 layers

	
	
	4 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	4 layers

	
	10+10+20
	2 layers
	2 layers
	4 layers

	
	
	4 layers
	4 layers
	2 layers

	
	10+15+15
	4 layers
	2 layers
	2 layers

	
	
	2 layers
	4 layers
	4 layers

	
	5+10+20
	2 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	2 layers

	
	
	4 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	4 layers

	
	5+15+20
	2 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	2 layers

	
	
	4 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	4 layers


4. Conclusions

In this contribution, we provide legacy SDR test application rules and new test preferences on 4-RX SDR test introduction. 
Proposal 1 : Rel-13 SDR tests and CA tests should be introduced as a Rel-13 4-RX UE test package. Test complexity discussion won’t be different, even if RAN4 discusses it later in Rel-14 phase.

Proposal 2 : We propose to test 4-RX UE with 4-layer tests as Table 2.  FRC tables are specified with the agreed MCS (MCS26 for 256QAM and MCS27 for 64QAM ).

Proposal 3 : In order to reduce the testcases, possible proposals  are as below :

Option 1 :   Omit the whole 2-layer + 4-layer mixed CA tests.

Option 2  :  Reduce the number of bandwidth combination.  ( ex : Test bandwidth 10MHz and 20MHz mixed layer CA cases, omit 5MHz and 15MHz mixed layer CA cases. )

Option 3  :  For omitted CA cases, utilize legacy 2-RX SDR CA tests in chapter 8.7,  table 8.7.1-2 and table 8.7.1-5 in TS36.101. In this case, define CA test rules rather. For mixed layer CA case, 4-layer CC is tested with equivalent two 2 layer CC.
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