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1 Introduction
In RAN4 meeting #72bis, the way forward on TDD FDD CA was agreed in [1], and after the email discussion the simulation assumptions for TDD FDD CA [2] was acceptable to the group. This contribution will provide the simulation results and share our views on TDD FDD CA performance requirements.
2 Previous agreements
The agreements are provided below:

· General agreement
· For TDD FDD CA demodulation performance and CSI requirements, the following common configurations are proposed: 

· Full duplexing; 

· Self scheduling on each CC; 

· PUCCH format 3 as general configuration.

· TDD UL/DL configuration#1 is used in the test.

· Other UL/DL configuration can be FFS. 

· Define separate tests for FDD PCell and TDD PCell case.  

· Normal demodulation test
· Evaluate the methodology to apply single carrier performance to TDD FDD CA normal performance requirements assuming that no spatial HARQ-ACK bundling is utilized. 

· FDD PCell TDD SCell case. 

· The TDD SCell needs to follow the FDD PCell ACKNACK timing and HARQ process without soft bit overbooking. The performance of TDD SCell without soft bit overbooking can be different than TDD single carrier with soft bit overbooking.  

· TDD PCell FDD SCell case. 

· The FDD SCell needs to follow the TDD PCell ACKNACK timing and HARQ process with soft bits overbooking. The performance of FDD SCell with soft bits overbooking can be different than FDD single carrier without soft bits overbooking.

· Interested companies are encouraged to provide simulation results to evaluate the methodology in next meeting.
· Soft buffer test
· For cat 3/4 UE, define 2DL TDD-FDD CA soft buffer management for bandwidth combinations of 20+20MHz and 20+10MHz.
· Use 0.39 64QAM as MCS for cat 3/4 UE 

· For 3DL TDD-FDD CA, there is no soft buffer limitation issue for cat 6/7 UE. 
· Sustained data rate test
· Define the SDR tests to cover all the CA maximum bandwidth combinations.
· CQI test

· Use the same methodology as for 3DL CA for TDD-FDD CQI test
· Power imbalance test
· For TDD FDD CA capable UE which can support FDD or TDD intra-band contiguous CA configurations, the intra-band contiguous CA power imbalance tests for 2CC can be applied. 

3 Discussion of the remaining issue
3.1 Common configurations
The remaining issue is related to the UL/DL configuration for TDD CC. In the last meeting, although it was agreed to use UL/DL configuration 1 for test, the other UL/DL configurations are still not be precluded.
In our view, we could not cover all the possible UL/DL configurations and from test point of view using one UL/DL configuration is sufficient. Our preference is to use the same UL/DL configurations as the legacy tests. The benefit is that we can save efforts in the simulation and discussion.

Table 1 provides the UL/DL configurations used in the existing CA demodulation performance and CSI requirements.

Table 1: UL/DL configurations used in the existing CA demodulation performance and CSI requirements
	CA performance test
	UL/DL configurations

	Normal CA performance requirements: TM1, TM3, TM4
	Configuration #1

	Soft buffer test
	Configuration #1

	Intra-band contiguous CA power imbalance test
	Configuration #1

	Sustained data rate test
	Configuration #1

	CA CQI test
	N/A


Therefore, we propose that
· Proposal 1: use UL/DL configuration #1 for TDD FDD CA demodulation performance and CQI requirements.
3.2 Normal test
Firstly we would like to further discuss the concern on the impact of overbooking on the per CC performance approach. The single carrier performance for TDD SCell with FDD as PCell or FDD SCell with TDD as PCell would be different from the TDD or FDD single carrier performance not in CA mode. But the point is that we do not use the single carrier performance not in CA mode as the building block to set the TDD FDD CA requirements. To get the single carrier performance for TDD FDD CA, we should not follow the Rel-8 HARQ timing and the soft buffer management way, but should follow the TDD FDD CA HARQ timing and the soft buffer management implementation. And that point has been clearly reflected in the previous agreements.

Regarding the bandwidth combinations for TDD FDD CA normal demodulation performance requirements, there are totally 3 different bandwidth combinations, and for 3DL TDD FDD CA there are totally 3 different bandwidth combinations, based on our previous analysis. And since 10MHz FDD CC plus 20MHz TDD is different from 10MHz TDD plus 20MHz FDD, we propose to explicitly indicate the component bandwidths for FDD CC and TDD CC in a TDD FDD CA test.
· Proposal 2: Define TDD FDD CA normal performance requirements for bandwidth combinations of 20+20MHz, 20+10MHz, 10+5MHz, 3×20MHz, 20+20+15MHz and 20+20+10MHz. And it is proposed to explicitly indicate the component bandwidth for FDD CC and TDD CC in a test.
3.3 Soft buffer management test
In the existing FDD soft buffer management test, the single carrier performance approach is used to define the requirements and in Table 8.2.1.3.1A-2 the FRC with 0.39 64QAM is configured for Test 2, 5~7. In the existing TDD soft buffer management test, the FRC with 0.39 64QAM is configured for Test 2. In sum, Table 2 summarized the existing requirements. Given that UL/DL configuration 1 is assumed, the existing TDD requirement can be reused.
Table 2: summary of the existing soft buffer single carrier performance

	Bandwidth
	Requirements single carrier @70% TP

	10MHz FDD CC with FDD PCell
	15.1dB

	15MHz FDD CC with FDD PCell
	15.1dB

	20MHz FDD CC with FDD PCell
	15.9dB

	10MHz TDD CC with FDD PCell 
	TBD

	15MHz TDD CC with FDD PCell
	TBD

	20MHz TDD CC with FDD PCell
	TBD

	10MHz FDD CC with TDD PCell
	TBD

	15MHz FDD CC with TDD PCell
	TBD

	20MHz FDD CC with TDD PCell
	TBD

	10MHz TDD CC with TDD PCell 
	TBD

	15MHz TDD CC with TDD PCell
	TBD

	20MHz TDD CC with TDD PCell
	15.7dB


So we get the observation that
· Observation 1: the existing FDD 10MHz, 15MHz and 20MHz single carrier performance requirements in the existing FDD soft buffer management can be reused as FDD CC requirement with FDD PCell with the same bandwidths; the existing TDD 20MHz single carrier performance requirements in the existing TDD soft buffer management test can be reused as TDD CC requirement with TDD PCell.
4 Simulation results
Following the simulation assumptions given in [2], we provide the simulation results in the section.

4.1 Normal test
The simulation results for normal test are provided in Figure 1~ Figure 6.
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Figure 1: TM1 TDD SCell performance with FDD PCell
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Figure 2: TM1 FDD SCell performance with TDD PCell

[image: image13.png]PDSCH, TDD, TM3.1.4MHz, 2x2, EVA 70L, 6%

1.2

Througput(Mbps)
° o
& %

=
=

0.2

EVM

a

—@—TDD
= Max

—— 70%

1.4MHz

through

put

Max throughput —

10

12 14
SNR(dB)

16

18

20




 [image: image14.png]PDSCH, TDD, TM3.3MHz, 2x2, EVA 70L, 6%

EVM
B]
.- e B - ./:/J_u.....-—_‘
A #/
§ * + *— + + + *
51s /
a
[
3 /‘/
E &«
~——TDD 3MHz
05 «+-B-+ 3MHz Max throughput
=—4—3MHz70% Max
0 : thr"oughpu‘t
6 8 10 16 18 20

12 14
SNR(dB)





[image: image15.png]Througput(Mbps)

PDSCH, TDD, TM3.5MHz, 2x2, EVA 70L, 6%

5

EVM
L L L —8 L L]
y
74
4 e 4 e A
~—4—TDD 5MHz
~—fi— Max throughput
== 70% Max throughput
8 10 16 18 20

12 14
SNR(dB)




 [image: image16.png]Througput(Mbps)

PDSCH, TDD, TM3,10MHz, 2x2. EVA 70L, 6%
EVM

10

9 L L L  ad L i

4
3 ~—4—TDD 10MHz
2 ~f— Max throughput
1 —#—70% Max throughput
0 I

12 14 18 20
SNR(dB)





[image: image17.png]Througput(Mbps)

PDSCH., TDD, TM3.15MHz, 2x2. EVA 70L, 6%
EVM

16

14— i i i /.’I -
12 /'
10

L x 7 x e e A
° /(/
6 —
4 ~—4—TDD 15MHz

—— Max throughput

2 ~—70% Max throughput
0 ===

6 8 10 16 18 20

12 14
SNR(dB)




 [image: image18.png]Througput(Mbps)

PDSCH, TDD, TM3.,20MHz, 2x2. EVA 70L, 6%

20

18

16

.
=

-
~

=
5}

3

12 14
SNR(dB)

EVM
= i i e e i
& 4 4 ~7 4 % % A

=

~—4—TDD 20MHz

—— Max throughput

~—70% Max throughput
6 8 10 16 18 20





Figure 3: TM3 TDD SCell performance with FDD PCell
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Figure 4: TM3 FDD SCell performance with TDD PCell
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Figure 5: TM4 TDD SCell performance with FDD PCell
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Figure 6: TM4 FDD SCell performance with TDD PCell

4.2 Sustained data rate test
In Table 3 the test cases and test parameters are given. In Figure 7 the normalized simulation results for all the test cases except for Test 3 are provided. We can observe that 85% reference level would be feasible for TDD FDD sustained data rate test.
· Proposal 3: Use 85% reference level as requirements for TDD FDD CA sustained data rate tests.
Table 3: test parameters for sustained downlink data rate (TDD FDD CA)

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

	
	Total
	FDD CC
	TDD CC
	FDD CC
	TDD CC
	FDD CC
	TDD CC
	TB success rate [%]

	1
	2x20
	20
	20
	75376 (Note 3)
	75376/0 (Note 2)
	R.31-4 FDD
	R.31-4 TDD
	[85]

	2
	10+20
	10
	20
	36696 (Note 2)
	75376/0 (Note 2)
	R.31-3A FDD
	R.31-4 TDD
	[85]

	3
	5+10
	5
	10
	TBD
	36696/0 (Note 2)
	TBD
	TBD
	[85]

	4
	3x20
	20
	2x20
	75376 (Note 3)
	75376/0 (Note 2)
	R.31-4 FDD
	R.31-4 TDD
	[85]

	5
	15+20+20
	15
	2x20
	55056 (Note 5)
	75376/0 (Note 2)
	R.31-5 FDD
	R.31-4 TDD
	[85]

	6
	10+20+20
	10
	2x20
	36696 (Note 2)
	75376/0 (Note 2)
	R.31-3A FDD
	R.31-4 TDD
	[85]
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(a) Absolute throughput
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(b) Relative throughput
Figure 7: Simulation results for TDD FDD CA sustained data rate tests
5 Conclusions
In this contribution, we discuss the CA demodulation performance requirements for TDD FDD CA. Below we summarize our proposals.
For common configurations we propose
· Proposal 1: use UL/DL configuration #1 for TDD FDD CA demodulation performance and CQI requirements.
· Proposal 2: Define TDD FDD CA normal performance requirements for bandwidth combinations of 20+20MHz, 20+10MHz, 10+5MHz, 3×20MHz, 20+20+15MHz and 20+20+10MHz. And it is proposed to explicitly indicate the component bandwidth for FDD CC and TDD CC in a test.
· Observation 1: the existing FDD 10MHz, 15MHz and 20MHz single carrier performance requirements in the existing FDD soft buffer management can be reused as FDD CC requirement with FDD PCell with the same bandwidths; the existing TDD 20MHz single carrier performance requirements in the existing TDD soft buffer management test can be reused as TDD CC requirement with TDD PCell.

· Proposal 3: Use 85% reference level as requirements for TDD FDD CA sustained data rate tests.
And the simulation results are provided in this contribution.
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