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1 Introduction
The TDD-FDD CA WID is agreed in [1] with the following information included.
· RAN4 generic frame work requirement definition:

· RAN 4 has selected to use 8+40, 3+40, 1+41 and 1+42 as the example band combinations in Rel-12 TDD-FDD joint operation including Carrier Aggregation WI 
· RAN 4 has agreed that TDD-FDD CA WI can be considered completed from RAN 4 perspective if the work for at least one band combination out from the example band combinations can be consider complete.
However due to the tight schedule only Band 8+40 is selected to be specified in Rel-12 timeframe in RAN4 in [2] and leave the rest band combination into Rel-13. In [2] the CA configurations and bandwidth combination sets of Band 8+40 are defined as following.

Table 5.6A.1-2: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA

	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_8A-40A
	8
	
	
	Yes
	Yes
	
	
	30
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	


Furthermore another new WI is agreed to specify CA UE performance tests in Rel-12 including TDD-FDD CA [3]. In this contribution we provide the applicability rule and draft structure for the specification and propose how to procede the work in order to complete the work item.
2 Proposal
From reading the WID [3] the content of this WI mainly includes 3 parts.
1. Specify normal demodulation tests (TM1, TM3, TM4 CA tests) based on single carrier performance requirement if the CA performance can be specified in terms of single carrier performance.

2. Provide a flexible specification structure for the other CA performance test cases as much as possible, including CA soft buffer test, power imbalance test, sustained data rate test and CQI test, and including some cases on normal demodulation tests where the CA performance cannot be specified in terms of single carrier performance. 
3. Specify a clear applicability rule which is compatible to the rule of existing demodulation/CSI performance requirements
In order to trigger the work we propose the following chapters for the 3 parts above.
2.1 Applicability rule for TDD-FDD CA
As stated in [4] the applicability rule for CA related work for UE performance tests a good balance between good coverage and test number is to take the possible maximum bandwidth combinations. We think this rule also applies to TDD-FDD CA. With the only supported band combinations as Band 8+40 the only possible maximum bandwidth is 10MHz (FDD band) + 20MHz (TDD band) and this should be good enough to cover the work in Rel-12 for TDD-FDD CA UE performance tests.
Proposal 1: Apply the tests with all possible maximum bandwidth combination for TDD-FDD CA as 10MHz (FDD band) + 20MHz (TDD band) in order to reach a tradeoff of good coverage and limited test numbers.

2.2 Normal demodulation test structure based on single carrier requirement
TDD-FDD CA is a joint operation of TDD and FDD so it can’t fit into either TDD or FDD chapter in [2] but needs a new chapter. In case we follow the rule in Proposal 1 and also reuse the same structure based on single carrier from [4] for 3 DL CCs, we take the TM1 test as an example the following draft strcture for the spectification [2] is proposed as a starting point for TDD-FDD CA UE performance tests based on single carrier performance.
Also for the UE category in case it can be specified by single carrier without the buffer limitation problem the UE Category can be applied to5~10. 
Proposal 2: The draft structure for CA performance with TDD-FDD CA based on single carrier requirement is proposed as a general way to continue the work with UE category 5~10. 
<starting of the draft structure>
8.2.3
TDD-FDD CA (Fixed Reference Channel)

The parameters specified in Table 8.2.3-1 are valid for all tests performed on FDD carrier unless otherwise stated.

Table 8.2.3-1: Common Test Parameters (FDD carrier)

	Parameter
	Unit
	Value 

	Inter-TTI Distance
	
	1

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	4 for 1.4 MHz bandwidth, 3 for 3 MHz and 5 MHz bandwidths, 

2 for 10 MHz, 15 MHz and 20 MHz bandwidths

	Cyclic Prefix
	
	Normal

	Cell_ID
	
	0

	Cross carrier scheduling
	
	Not configured


The parameters specified in Table 8.2.3-2 are valid for all tests performed on TDD carrier unless otherwise stated.

Table 8.2.3-1: Common Test Parameters (TDD carrier)

	Parameter
	Unit
	Value 

	Uplink downlink configuration (Note 1)
	
	1

	Special subframe configuration (Note 2)
	
	4

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Number of HARQ processes per component carrier
	Processes
	7

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	4 for 1.4 MHz bandwidth, 3 for 3 MHz and 5 MHz bandwidths, 

2 for 10 MHz, 15 MHz and 20 MHz bandwidths

	Cross carrier scheduling
	
	Not configured

	Note 1:
as specified in Table 4.2-2 in TS 36.211 [4].

Note 2:
as specified in Table 4.2-1 in TS 36.211 [4].


8.2.3.1
Single-antenna port performance

The single-antenna performance in a given multi-path fading environments is determined by the SNR for which a certain relative information bit throughput of the reference measurement channels in Annex A.3.3 is achieved. The purpose of these tests is to verify the single-antenna performance with different channel models and MCS. The QPSK and 64QAM cases are also used to verify the performance for all bandwidths specified in Table 5.6.1-1. 

8.2.3.1.1
Minimum Requirement

For TDD-FDD CA the requirements are specified in Table 8.2.1.1.1-3, with the single carrier requirements for different bandwidths in Table 8.2.3.1.1-2, the addition of the parameters in Table 8.2.1.1.1-1 and the downlink physical channel setup according to Annex C.3.2.

Table 8.2.3.1.1-1: Test Parameters

	Parameter
	Unit
	Test 1

	
	
	FDD Carrier
	TDD Carrier

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	0
	0
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at antenna port
	dBm/15kHz
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 2)
	OCNG (Note 2)

	Modulation
	
	QPSK
	QPSK

	ACK/NACK feedback mode
	
	PUCCH format 1b with channel selection
	PUCCH format 1b with channel selection

	PDSCH transmission mode
	
	1
	1

	Note 1:
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Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.
Note 3:
The same PDSCH transmission mode is applied to each component carrier.


Table 8.2.3.1.1-2: Single carrier performance for multiple CA configurations
	Bandwidth num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	10MHz
	R.2 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	TBD

	2
	20MHz
	R.42 TDD
	OP.1 TDD 
	EVA5
	1x2 Low
	70
	TBD


Table 8.2.3.1.1-3: Minimum performance (FRC) for CA based on single carrier performance
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	PCell
	10MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	TBD
	≥5
	CL_A-A

	
	SCell
	20MHz
	R.42 TDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	2
	PCell
	20MHz
	R.42 TDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	TBD
	≥5
	CL_A-A

	
	SCell
	10MHz
	R.2 FDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	Note 1:
The OCNG pattern applies for each CC.

Note 2:
30usec timing difference between two CCs is applied in inter-band CA case.


<end of the draft structure>
2.3 Other CA performance tests not based on single carrier requirement
For the other CA performance tests including soft buffer test, power imbalance test, SDR test, CSI test and some normal performance tests with lower UE category the performance requirement must be based on all CCs instead of single carrier performance. 
2.3.1 Soft buffer management tests
As this test is to verify the UE implementation for instantaneous buffer and with CA the soft buffer is shared among all CCs and TDD-FDD CA with the maximum bandwidth combination as 10MHz (FDD band) + 20MHz (TDD band). It seems necessary to define new tests here with UE Category as 3 and 4. The detailed requirement should be based on the difference found between using instantaneous buffer limitation when we perform the tests. The similar structure from the existing tests can be reused here for TDD-FDD CA.
The draft specification structure can be as example as following for TDD-FDD CA test.

<starting of the draft structure>

8.2.3.3.1A
Soft buffer management test

For CA, the requirements are specified in Table 8.2.3.3.1A-2, with the addition of the parameters in Table 8.2.3.3.1A-1 and the downlink physical channel setup according to Annex C.3.2. The purpose is to verify the UE performance with proper instantaneous buffer implementation. 

Table 8.2.3.3.1A-1: Test Parameters for CA

	Parameter
	Unit
	Test 1

	
	
	FDD Carrier
	TDD Carrier

	Downlink power allocation
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	dB
	-3
	-3
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	dB
	-3 (Note 1)
	-3 (Note 1)

	
	(
	dB
	0
	0
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at antenna port
	dBm/15kHz
	-98
	-98

	ACK/NACK feedback mode
	
	PUCCH format 1b with channel selection
	PUCCH format 1b with channel selection

	PDSCH transmission mode
	
	3
	3

	Note 1:
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Note 2:
The same PDSCH transmission mode is applied to each component carrier.


Table 8.2.3.3.1A-2: Minimum performance (FRC) for CA 

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	PCell
	10MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	3
	CL_A-A

	
	SCell
	20MHz
	R.30-2 TDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	2
	PCell
	20MHz
	R.30-2 TDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	3
	CL_A-A

	
	SCell
	10MHz
	R.11 FDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	3
	PCell
	10MHz
	R.35-3 FDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	TBD
	4
	CL_A-A

	
	SCell
	20MHz
	R.35-1 TDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	4
	PCell
	20MHz
	R.35-1 TDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	TBD
	4
	CL_A-A

	
	SCell
	10MHz
	R.35-3 FDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	Note 1:
The OCNG pattern applies for each CC.


<end of the draft structure>

2.3.2 Power imbalance tests

Since power imbalance test is for intra-band contiguous CA, and  TDD-FDD CA is inter-band there is no need to define new tests here.
2.3.3 Sustained data rate tests

The sustained data rate test aims at achieving the maximum TP and for TDD-FDD CA it’s important to have good coverage for all possible maximum aggregated bandwidth combinations. With the maximum bandwidth combination as 10MHz (FDD band) + 20MHz (TDD band) similar test structure can be reused here.Based on the bandwith combination the test can be applied to UE Category from 3. But in case it’s Category 3 and 4 UE it makes sense to only perform the single carrier requirement on the TDD carrier as 20MHz bandwidth to reach the same targeted maximum TP. 
The draft specification structure can be as example as following for TDD-FDD CA test.

<starting of the draft structure>
8.7.5
TDD-FDD CA

The parameters specified in Table 8.7.5-1 are valid for tests applied for FDD carrier unless otherwise stated.

Table 8.7.5-1: Common Test Parameters (FDD carrier)

	Parameter
	Unit
	Value 

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	1

	Cross carrier scheduling
	
	Not configured

	Propagation condition
	
	Static propagation condition

No external noise sources are applied


The parameters specified in Table 8.7.5-2 are valid for tests applied to TDD carrier unless otherwise stated.

Table 8.7.5-2: Common Test Parameters (TDD carrier)

	Parameter
	Unit
	Value 

	Special subframe configuration (Note 1)
	
	4

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	1

	Cross carrier scheduling
	
	Not configured

	Propagation condition
	
	Static propagation condition

No external noise sources are applied

	Note 1:
as specified in Table 4.2-1 in TS 36.211 [4].


The requirements are specified in Table 8.7.5-4, with the addition of the parameters in Table 8.7.5-3 and the downlink physical channel setup according to Annex C.3.2. The test points are applied to UE category, CA capability and bandwidth combination with maximum aggregated bandwidth as specified inTable 8.7.5-5. The TB success rate shall be sustained during at least 300 frames.

Table 8.7.5-3: test parameters for sustained downlink data rate (TDD-FDD CA)

	Test
	Bandwidth (MHz)
	Transmission mode
	Antenna configuration
	Codebook subset restriction
	Downlink power allocation (dB)
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	ACK/NACK feedback mode
	Symbols for unused PRBs
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	(
	
	
	

	1
	20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	Bundling
	OP.1 TDD

	2
	20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	Multiplexing
	OP.1 TDD

	3
	PCell
	10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	PUCCH format 1b with channel selection
	OP.1 FDD

	
	SCell
	20
	
	
	10
	-3
	-3
	0
	-85
	
	OP.1 TDD

	4
	PCell
	20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	PUCCH format 1b with channel selection
	OP.1 TDD

	
	SCell
	10
	
	
	10
	-3
	-3
	0
	-85
	
	OP.1 FDD


Table 8.7.5-4: Minimum requirement (TDD)

	Test
	Bandwidth (MHz)
	Number of bits of a DL-SCH transport block received within a TTI for normal/special sub-frame
	Measurement channel
	Reference value

	
	
	
	
	TB success rate [%]

	1
	20
	51024/0
	R31-3 TDD
	95

	2
	20
	75376/0 (Note 2)
	R31-4 TDD
	85

	3
	PCell
	10
	36696 (Note 3)
	R.31-3A FDD
	85

	
	SCell
	20
	75376/0 (Note 2)
	R.31-4 TDD
	85

	4
	PCell
	20
	75376/0 (Note 2)
	R.31-4 TDD
	85

	
	SCell
	10
	36696 (Note 3)
	R.31-3A FDD
	85

	Note 1:
For 2 layer transmissions, 2 transport blocks are received within a TTI.

Note 2:
71112 bits for sub-frame 5.

Note 3:
35160 bits for sub-frame 5.

Note 3:
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.


Table 8.7.5-5: Test points for sustained data rate (FRC)
	CA config
	Bandwidth/ Bandwidth combination 
(MHz)
	Category 1
	Category 2
	Category 3
	Category 4
	Category 6
	Category 7
	Category 9
	Category 10

	CL_A-A
	PCell
	10
	
	--
	1 (Note 2)
	2 (Note 2)
	3
	3
	3
	3

	
	SCell
	20
	
	
	
	
	
	
	
	

	
	PCell
	20
	
	--
	1 (Note 2)
	2 (Note 2)
	4
	4
	4
	4

	
	SCell
	10
	
	
	
	
	
	
	
	

	Note 1    : The test is selected for bandwidth combination corresponding to maximum aggregated bandwidth among all CA configuration supported by UE. 

Note 2    : For category 3 or 4 UE, single carrier test is selected.


<end of the draft structure>
2.3.4 CA CQI tests

The purpose of the CA CQI test is to verify the CQI reporting from each CC does reports the correct CCs. For TDD-FDD CA the same test will be needed. The similar test structure as the existing one can be reused. 
The draft specification structure can be as example as following for TDD-FDD CA test.

<starting of the draft structure>
9.6.1.3
TDD-FDD CA

The following requirements apply to UE Category ≥3. For the parameters specified in Table 9.6.1.3-1 and Table 9.6.1.3-2, and using the downlink physical channels specified in tables C.3.2-1 and C.3.2-2 on each cell, the difference between the wideband CQI indices of Pcell and Scell reported according to Table A.4-3 shall be such that

wideband CQIPcell – wideband CQIScell ≥ 2
for more than 90% of the time. 

Table 9.6.1.3-1: Parameters for PUCCH 1-0 static test on multiple cells (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	
	
	Pcell
	Scell
	Pcell
	Scell

	PDSCH transmission mode
	
	1
	1
	1

	Uplink downlink configuration
	
	NA
	2
	2
	NA

	Special subframe configuration
	
	NA
	4
	4
	NA

	Downlink power allocation
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	dB
	0
	0
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	dB
	0
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)
	AWGN (1 x 2)

	SNR
	dB
	10
	4
	10
	4
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	dB[mW/15kHz] 
	-88
	-94
	-88
	-94
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	dB[mW/15kHz]
	-98
	-98
	-98
	-98

	Physical channel for CQI reporting
	
	PUCCH Format 2
	PUCCH Format 2

	PUCCH Report Type
	
	4
	4

	Reporting periodicity 
	ms
	Npd = 10
	Npd = 10

	cqi-pmi-ConfigurationIndex
	
	TBD
	TBD [shift of 5 ms relative to Pcell]
	TBD
	TBD [shift of 5 ms relative to Pcell]

	Note 1:
3 symbols are allocated to PDCCH. For FDD carrier, no PDSCH for user data is scheduled for the UE with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1. For TDD carrier, no PDSCH for user data is scheduled for the UE with one sided dynamic OCNG Pattern OP.1 TDD as described in Annex A.5.2.1.


Table 9.6.1.3-2: PUCCH 1-0 static test (FDD)
	Test number
	Bandwidth combination
	CA capability

	1
	PCell
	10
	CL_A-A

	
	SCell
	20
	

	2
	PCell
	20
	CL_A-A

	
	SCell
	10
	


<end of the draft structure>
2.3.5 Normal performance tests with lower UE Category

Here the purpose of the tests are to be defined to guarantee the performance with UE with lower UE category as 3 and 4 but still supporting TDD-FDD CA when needed. With the maximum bandwidth combination as 10MHz (FDD band) + 20MHz (TDD band) the UE category 3 and 4 can be applied. But this test can be FFS and in case it’s needed one more table can easily be added based on the proposed structure in Chapter 2.2.
In case we take the TM1 test as an example the following draft strcture as a following for the proposed structure from Chapter 2.2.

<starting of the draft structure>
Table 8.2.3.1.1-4: Minimum performance (FRC) for CA not based on single carrier performance

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	PCell
	10MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	TBD
	3
	CL_A-A

	
	SCell
	20MHz
	R.42 TDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	2
	PCell
	20MHz
	R.42 TDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	TBD
	3
	CL_A-A

	
	SCell
	10MHz
	R.2 FDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	3
	PCell
	10MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	TBD
	4
	CL_A-A

	
	SCell
	20MHz
	R.42 TDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	4
	PCell
	20MHz
	R.42 TDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	TBD
	4
	CL_A-A

	
	SCell
	10MHz
	R.2 FDD
	OP.1 TDD (Note 1)
	
	
	70
	TBD
	
	

	Note 1:
The OCNG pattern applies for each CC.

Note 2:
30usec timing difference between two CCs is applied in inter-band CA case.


<end of the draft structure>
Proposal 3: For other performance test that can’t be defined based on single carrier test we propose the following.
· Soft buffer test: Define new test for TDD-FDD CA with UE category 3 and 4. Similar test structure as the existing one can be reused.
· Power imbalance test: No need for new tests for TDD FDD CA.
· Sustain data rate test: New test needed for maximum bandwidth combintions with UE Category 3~10. Similar test structure as the existing one can be reused.
· CA CQI test: New test needed with UE Category 3~10. Similar test structure as the existing one can be reused.
· Normal performance tests with lower UE Category: FFS. Similar test structure as the existing one can be reused in case it’s needed.
3 Conclusions

In this contribution we listed all the issues on applying single carrier based requirement to CA as following.
Proposal 1: Apply the tests with all possible maximum bandwidth combination for TDD-FDD CA as 10MHz (FDD band) + 20MHz (TDD band) in order to reach a tradeoff of good coverage and limited test numbers.

Proposal 2: The draft structure for CA performance with TDD-FDD CA based on single carrier requirement is proposed as a general way to continue the work with UE category 5~10. 
Proposal 3: For other performance test that can’t be defined based on single carrier test we propose the following.

· Soft buffer test: Define new test for TDD-FDD CA with UE category 3 and 4. Similar test structure as the existing one can be reused.
· Power imbalance test: No need for new tests for TDD FDD CA.
· Sustain data rate test: New test needed for maximum bandwidth combintions with UE Category 3~10. Similar test structure as the existing one can be reused.
· CA CQI test: New test needed with UE Category 3~10. Similar test structure as the existing one can be reused.
· Normal performance tests with lower UE Category: FFS. Similar test structure as the existing one can be reused in case it’s needed.
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