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1 Introduction
In the past few meetings it was recognized that tests set up defined for carrier aggregation in Rel-10 cover only a limited amount of carrier aggregation combinations/configurations. 
In Rel-11 more CA configurations and bandwidth combinations are defined or going to be defined, so the coverage of the CA UE demodulation tests from Rel-10 need to be extended accordingly. In future release (Rel-12 and beyond), new CA configurations may be included, and the tests should be added if needed depending on the specific test purpose.  
In RAN 4 66bis the following way forward was agreed:
· Normal tests (including CA TM1, TM3 and TM4 tests) and CQI test:

· CA configuration (or bandwidth combination set) independent handling is applicable here as for legacy single carrier tests.

· For the CA configuration (or bandwidth combination set) selected for the UE demodulation performance test, 

· if it is an intra-band contiguous CA configuration (supporting 20MHz+20MHz), run the CA normal and CQI tests with the 20MHz+20MHz bandwidth;

· if it is not an intra-band contiguous CA configuration (supporting 10MHz+10MHz), run the CA normal and CQI tests with the 10MHz+10MHz bandwidth.

· The CA capability of FDD CA normal and CQI tests with the 20MHz+20MHz bandwidth need to be set to CL_C.
· Power imbalance test:

· Among all the intra-band contiguous CA configurations supported by UE, select the lowest and highest operating bands for the power imbalance test

· Soft buffer management tests:

· For inter-band FDD CA configurations not supporting 20MHz+20MHz, define new tests for UE category 3 and category 4:

· Define a new test with 15MHz+10MHz bandwidth for UE category 3, and only test the demodulation performance on 15MHz component carrier

· Define a new test with 20MHz+X bandwidth for UE category 3 and 4, and only test the demodulation performance on 20MHz component carrier

· X is 10MHz or 15MHz

· The propagation conditions and correlation matrix of the new tests are the same as the existing one, and the FRC-s are FFS.

· The CA capability of the above new tests is CL_A-A

· Select one test case and one CA configuration among the band combinations supported by the UE corresponding to the largest supported aggregated bandwidth depending on the category and the band combination set signalled by the UE
· Sustained data rate tests:

· Define a new test with 10MHz+10MHz bandwidth for UE Category 3 and 4

· Define new tests with 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz bandwidths for UE Category 6 and 7   

· The CA capability of the above new tests is CL_A-A

· For category 3 and 4 UE with CA capability, 
· If UE supports only intra-band contiguous CA configuration, run sustained data rate test for single carrier 20MHz. 

· otherwise, band combination independent selection can be used for cat 3 and 4 UEs for the sustained data rate test with 10MHz+10MHz bandwidth

· For category 6 and 7 UE with CA capability, 

· Select one test corresponding to the largest supported aggregated bandwidth among the carrier aggregation combinations supported by the UE.

· Prioritize CA sustained data rate test. In other words, if UE can be tested against the CA sustained data rate performance requirement, UE does not need to be tested against the single carrier sustained data rate performance requirement for a given UE category

· In the next meeting, companies are encouraged to provide the simulation results to finalize the CA TM4 20MHz+20MHz demodulation performance requirement

· The extra margin is suggested to be provided, which is the difference between the simulation results with impairment margin for CA TM4 10MHz+10MHz test case and that for CA TM4 20MHz+20MHz test case.

In this paper we address the test set up for Soft Buffer and we provide simulation results for TM 4 test and we propose a requirement. We provide also initial preliminary results for SDR.
Proposal 1.  It is  proposed to send an LS to RAN 5 to indicate the agreements on the applicability of the tests and how to select band combinations in order to perform conformance testing.
2  Discussion
2.1 TM 4 test for 20+20

Figure 1 provides our results for 20+20 test for TM4 based on FRC 14.3 FDD reported below. 

	Reference channel
	
	R.14-3 FDD

	Channel bandwidth
	MHz
	20

	Allocated resource blocks (Note 4)
	
	100

	Allocated subframes per Radio Frame
	
	9

	Modulation
	
	16QAM

	Target Coding Rate
	
	1/2

	Information Bit Payload (Note 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	25456

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	22920

	Number of Code Blocks
(Notes 3 and 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	5

	  For Sub-Frame 5
	
	n/a

	  For Sub-Frame 0
	
	4

	Binary Channel Bits (Note 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	51200

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	49664

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	22.6568

	UE Category
	
	≥ 2
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Figure 1. Throughput results for R.14-3FDD, TM4 20+20.

Proposal 2. It is proposed to reuse the existing SNR requirements which is defined for 10+10 TM 4 test, i.e. 10.8dB.

2.2 Soft buffer test

Test 1. According to the way forward we define here a new test with 15MHz+10MHz bandwidth for UE category 3/cat 4, and only test the demodulation performance on 15MHz component carrier.

The FRC used for the two carriers are as follows: 

	Reference channel
	
	R.xx FDD

	Channel bandwidth
	MHz
	15

	Allocated resource blocks (Note 4)
	
	75

	Allocated subframes per Radio Frame
	
	9

	Modulation
	
	64QAM

	Code rate for 
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	0.41

	  For Sub-Frame 5
	
	n/a

	  For Sub-Frame 0
	
	0.4

	Information Bit Payload (Note 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	24496

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	22984

	Number of Code Blocks
(Notes 3 and 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	5

	  For Sub-Frame 5
	
	n/a

	  For Sub-Frame 0
	
	4

	Binary Channel Bits (Note 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	59400

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	56952

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	21.895


i.e.

	NPRB
	ITBS
	Qm
	TBS
	Code blocks number C
	Kw
	UE category
	Nsoft
	E
	Soft buffer size 

	
	
	
	
	
	
	
	
	
	

	75
	16
	6
	24496
	5
	14976
	3
	1237248
	11880
	7732


Figure 2 shows the performance results on 15MHz carrier with and without Soft buffer, for EVA70.
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Figure 2. 15MHz carrier with and without Soft buffer, for EVA70
It can be concluded that 15MHz case for Cat 3 can be considered as possible test set up for Soft buffer test while 15MHz does not need to be considered for Cat 4. 70% of the max throughput can be considered as test point. 

The 10MHz carrier needs to be configured, but OCNG can be used without real PDSCH transmission. (OCNG pattern 1 could be reused.)
Test 2. According to the way forward a new test with 20MHz+X bandwidth for UE category 3 and 4, and only test the demodulation performance on 20MHz component carrier. X can be 10MHz or 15MHz. The FRC used for the two carriers are as follows: 

The FRC defined already for Cat 3 and 4 can be reused: R.30 FDD for Cat 3 and R.35-1 for Cat 4 as reported in the able below.

	Parameter
	Unit
	Value

	Reference channel
	
	R.10 FDD
	R.11 FDD
	R.11-2 FDD
	R.11-3 FDD
	R.11-4 FDD
	R.30 FDD
	R.35-1 FDD
	R.35 FDD

	Channel bandwidth
	MHz
	10
	10
	5
	10
	10
	20
	20
	10

	Allocated resource blocks (Note 4)
	
	50
	50
	25
	40
	50
	100
	100
	50

	Allocated subframes per Radio Frame
	
	9
	9
	9
	9
	9
	9
	8
	9

	Modulation
	
	QPSK
	16QAM
	16QAM
	16QAM
	QPSK
	16QAM
	64QAM
	64QAM

	Target Coding Rate
	
	1/3
	1/2
	1/2
	1/2
	1/2
	1/2
	0.39
	1/2

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4392
	12960
	5736
	10296
	6968
	25456
	30576
	19848

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	4392
	12960
	4968
	10296
	6968
	25456
	n/a
	18336

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1
	3
	1
	2
	2
	5
	5
	4

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	1
	3
	1
	2
	2
	5
	n/a
	3

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	13200
	26400
	12000
	21120
	13200
	52800
	79200
	39600

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	12384
	24768
	10368
	19488
	12384
	51168
	n/a
	37152

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	3.953
	11.664
	5.086
	9.266
	6.271
	22.910
	24.461
	17.712

	UE Category
	
	≥ 1
	≥ 2
	≥ 1
	≥ 1
	≥ 1
	≥ 2
	4
	≥ 2

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 4: 
Given per component carrier per codeword.


Since the performance on the 20MHz carrier will not depend on the bandwidth used on the secondary carrier (soft buffer is equally split), we can conclude that the same performance as defined in legacy test could be reused. 
2.3 SDR test

For aggregation 10+10 the following FRC could be used.

Test 1. 

Bandwidth combination: 10+10,

UE category 3

FRC = 31-2 FDD/TDD

Test 2.

Bandwidth combination: 10+10,

UE category 4

FRC = 31-3A FDD/TDD

FRC for Tests 3, 4 and 5 (corresponding respectively to 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz) need to be defined.
We provide in the following as initial results according to the following settings

Test 3: 10+15 MHz, 

Test 4: 10+20MHz

Test 5: 15+20MHz

64QAM PDSCH (FDD) target coding rate 0.89 (MCS 28), TM3 Open Loop Spatial Multiplexing

2x2 in static propagation condition, 1 PDCCH symbol is considered as for the other SDR tests, no HARQ retransmissions and full RB allocation except in subframe 5 where 47, 71, and 96 RB for the 10, 15 and 20 MHz carrier respectively are considered. Figure 3-5 show the performance.
[image: image3.emf]
Figure 3. 10+15MHz SDR performance
[image: image4.emf]
Figure 4. 10+20MHz SDR performance
[image: image5.emf]
Figure 5. 15+20MHz SDR performance
According to these results, it seems that 85% of the maximum throughput can be reused as requirement.

3 LS to RAN 5
It is proposed to capture the agreements from RAN 4 66bis in an LS to RAN 5 to inform about the applicability of the requirements. The following test could be used:

RAN 4 would like to inform RAN 5 about the agreements in terms of applicability of the performance requirements for carrier aggregation scenarios.

The following has been agreed in RAN 4: 

· For regular PDSCH and CQI tests
· Performance requirements are defined in a CA configuration independent manner. The same handling as for legacy single carrier test can be reused to select a band combination (among those supported by the UE, taking into account the bandwidth combination set signalled by the UE) to run these tests.
· If an intra-band contiguous CA configuration (supporting 20MHz+20MHz) is selected to fulfil regular PDSCH tests, 20+20MHz should be configured and appropriate tests should be selected. Otherwise 10+10MHz should be configured and appropriate tests should be selected.

· Power imbalance test (applicable only to intra-band CA)
· Among all the intra-band contiguous CA configurations supported by UE, the power imbalance test is run two times by selecting the lowest and highest operating bands supported by the UE (to be selected depending on the bands active in GCF).
· Soft buffer management tests:

· Select the CA configuration among the band combinations supported by the UE corresponding to the largest supported aggregated bandwidth depending on the UE category and the band combination set signalled by the UE. The test whose set up correspond to the UE maximum aggregated bandwidth (if it exists) should be selected.
· Sustained data rate tests:

· For category 3 and 4 UE with CA capability, 
· If UE supports only intra-band contiguous CA configuration, run sustained data rate test for single carrier 20MHz. 
· Otherwise, 10+10MHz based test should be selected and  the same handling as for legacy single carrier test can be reused to select a band combination (among those supported by the UE, taking into account the bandwidth combination set signalled by the UE) to run sustained data rate test.
· For category 6 and 7 UE with CA capability, 

· Select the CA configuration among the band combinations supported by the UE corresponding to the largest supported aggregated bandwidth depending on the UE category and the band combination set signalled by the UE. The test whose set up correspond to the UE maximum aggregated bandwidth should be selected.
· Note: Prioritize CA sustained data rate test. In other words, if UE can be tested against the CA sustained data rate performance requirement, UE does not need to be tested against the single carrier sustained data rate performance requirement for a given UE category.
4  Conclusions
In this paper we provide simulation results for 
· TM4 for 20+20 MHz with the proposal for the requirements

· Results for new FRC for 15MHz bandwidth aggregated with 10MHz bandwidth for cat 3, as well as the FRC proposal

· Initial proposal to reuse existing FRC for sustained data rate for 10+10MHz
· Initial performance results for SDR for 10+15MHz, 10+20MHz and 15+20MHz have also been provided.

Additionally we propose to send an LS to RAN 5 including the agreements on how to handle carrier aggregation-specific tests. 
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