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1 Introduction
In the RAN4 meeting #58, a way forward on down link CA demodulation was agreed [1]. The remaining issues are:
·      Frequency error modelling: decide the suitable tolerance for the frequency error of test equipment;

·      An additional margin for RF impairments specific to carrier aggregation should be decided, when determining the minimum requirements
·      Soft buffer limitation should be considered when applying both SIMO and MIMO requirements to UE category 3 and category 4;
·      Details for MIMO test: number of Tx antenna ports and transmission modes, ACK/NACK and PMI reporting, and channel model
·      Details on sustained data rate tests.
For the first issue, test equipment vendors would be suitable to provide solution. We mainly focus on the issues except the first one.

2 Discussion
2.1 Additional margin
In the last meeting, the additional impairment margin for CA specific RF was proposed [2]. In our opinion this requirements reflect the mutual interferences between CC’s caused by RF impairments. For intra-band CA, the interference would occur, while for inter-band CA the mutual interference would be neglectable. So from this point of view, the additional margin would be more suitable for intra-band CA not inter-band CA.
On the other hand, if the other impacts due to RF channel imperfect implementation are taken into account for addition margin, not only the multi-carrier based requirements but also the single carrier requirements would need additional margin.
2.2 Soft buffer limitation
Firstly as shown in following tables [3] (based on which new UE categories were defined), 20MHz+20MHz would be the use cases mainly considered for UE category 6, 7 and 8. Although there was no agreement reached in RAN1 on soft buffer partitioning for CA, where the value of soft buffer bit number per CC would limit the TB size per codeword for RAN4 CA test cases, we could believe that Category 6~8 would be optimized for 20MHz+20MHz cases. Thus we suggest that 20MHz + 20MHz test cases with full PRB allocation would be only defined for category 6~8, although the TBS and soft buffer needed for 20MHz+20MHz SIMO cases would below the limitation of UE category 3 and 4.
Table 1  Layers/CA combinations of interest for Rel-10
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 4
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 5
	
	

	Category 6
	1/20MHz
	4

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 7
	1/20MHz
	4

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 8
	[2/20+20MHz]
	[8]


2.3 MIMO test cases
Firstly, from the beginning of CA demodulation discussion it seems agreeable to reuse the existing requirements for new CA requirements to speed up the standard progress, except for 20MHz+20MHz cases (for which no single carrier requirement was defined). So we propose to keep that methodology as much as possible.
Regarding Tx number and transmission modes, there would be four combinations: 2Tx + TM3, 2Tx + TM4, 4Tx + TM3 and 4Tx + TM4. For 2Tx, we think that open loop multiplexing would be better than closed loop due to the limit of CSI reporting modes and reporting delay. For 4Tx, we think that the performance for LD-CDD might be inferior to 2Tx LD-CDD. So 2Tx +TM3 and 4Tx + TM4 would be more useful. As the test purpose of CA is mostly like a function test, 4Tx with TM4 would be more suitable as proposed by the company in the last meeting. Besides if we want to test 2Tx + TM3, at least two requirements for transmit diversity and LD-CDD would be reused. But if we test 4Tx + TM4, only the Multi-Layer Spatial Multiplexing requirement seems to be needed. Considering the Rel-10 and further network, 4Tx would bring more gain than 2Tx using closed loop multiplexing. If only the limited number of test cases was needed, we prefer 4Tx + TM4.
Regarding ACK/NACK and PMI feedback, there might not be some problem and PUSCH 3-X would be competent. And since originally TDD simulation results were provided and defined not considering feedback multiplexing or bundling, there would be also no problem to reuse TDD Rel-8/9 requirements.
So for 4Tx+ TM4, we suggest reusing the requirements defined for 4Tx multi-layer spatial multiplexing as shown in below (FDD is given as an example).
Table 8.2.1.4.3-2: Minimum performance Multi-Layer Spatial Multiplexing (FRC)
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.36 FDD
	OP.1 FDD
	EPA5
	4x2 Low
	70
	TBD
	2-5


If it was agreed the additional 2Tx + TM3 would be added too, we suggest reusing the transmit diversity and LD-CDD cases as shown below (FDD is given as an example) to cover transmission mode 3.
Table 8.2.1.2.1-2: Minimum performance Transmit Diversity (FRC)

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA5
	2x2 Medium
	70
	6.8
	2-5


Table 8.2.1.3.1-2: Minimum performance Large Delay CDD (FRC)

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.0
	2-5


As for channel model, we suggest retaining the existing parameters. And we also need to re-simulate the case with 20MHz single carrier and keep the same assumptions as 10MHz to benefit comparing the simulation results.
After we check the TBS of the above three candicate requirements , the resulted new 10MHz+10MHz CA requirements could be applied for UE category 3~8. But as discussed 2.1, maybe the 20MHz+20MHz requirements are more suitable for Category 6~8.

2.4 Sustained data rate test cases

There would be two issues on this topic: payload size and the 2x2 static channel. 
For the existing sustained data rate requirements, the payloads were chosen such that the “Maximum number of DL-SCH transport block bits received within a TTI” was reached. For category 6 and 7, the same methodology might be used. So we suggest using 75376 with 2CC and 2 layers per CC for category 6 and 7, as shown in the following table. For category 8, we suggest leaving it FFS until category 6 and 7 requirements are clearly defined. For the band combination not supporting 20MHz, the additional requirements would be needed too.
	Test
	UE Category
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	
	TB success rate [%]

	1
	Category 1
	10296
	R31-1 FDD
	95

	2
	Category 2
	25456
	R31-2 FDD
	95

	3
	Category 3 (Note 1)
	51024
	R31-3 FDD
	95

	3A
	Category 3 (Note 2)
	36696 (Note 4)
	R31-3A FDD
	[85]

	4
	Category 4
	75376 (Note 5)
	R31-4 FDD
	85

	5
	Category 5
	FFS
	FFS
	FFS

	6
	Category 6, 7 ([Note 1])
	[75376]
	FFS
	FFS

	6A
	Category 6, 7 ([Note 2])
	[36696]
	FFS
	FFS

	Note 1:
If the operating band under test does not support 20 MHz channel bandwidth, then test is executed according to Test 3A.

Note 2:
Applicable to operating bands supporting up to 10 MHz channel bandwidths. 

Note 3:
For 2 layer transmissions, 2 transport blocks are received within a TTI
Note 4:
35160 bits for sub-frame 5

Note 5:
71112 bits for sub-frame 5
Note 6:
The TB success rate is defined as TB success rate = 100%*NDL_correct_rx/ (NDL_newtx + NDL_retx), where NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport blocks, and NDL_correct_rx is the number of correctly received DL transport blocks.


For the 2x2 static channel, a straight forward choice would be static channel defined in B.1 of TS36.101 as below
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Although according to our analysis two pre-coders for two-layer MIMO both might be the same from the performance point of view, we suggest following dual-codeword CQI test method, using “CodeBookSubsetRestriction bitmap” of 010000.
2.5 CSI  test
For CSI as mentioned in [2], a new 2-bit CSI request field in DCI format 0 and 4 (UE-specific Search Space) is defined for triggering aperiodic CSI reporting when more than one DL cell is configured. If the MIMO tests were defined as 2.3 in this paper, PUSCH 3-X reporting modes would be used on per CC. In that way, the PUSCH 3-X reporting functionality would be verified implictly. 
3 Conclusions
In this paper, we discuss the remaining issues on CA test. The proposals are as following:
·     Apply additional multi-carrier specific margin only for intra-band CA; 
·     20MHz + 20MHz test cases with full PRB allocation would be only defined for category 6~8;

·      If only the limited number of test cases was needed, we prefer 4Tx + TM4;
·      For sustained data rate test, we suggest using 75376 with 2CC and 2 layers per CC when supporting 20MHz and using 36696 with 2CC and 2 layers per CC when not supporting 20MHz for category 6 and 7; and we suggest reusing the 2x2 static channel defined for dual codeword CQI test.
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