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1 Introduction
In the RAN4 meeting #72, the way forwards on 3DL CA and TDD FDD CA were agreed in [1] and [2] separately. This contribution will further discuss the framework for TDD FDD CA demodulation performance and CSI requirements.
2 Previous agreements
The agreements are provided below:

· Scope for TDD FDD CA demodulation and CSI requirements
· RAN4 should consider 2DL TDD FDD CA configurations in Rel-12 
· TDD FDD CA normal test
· Option 1: Define the demodulation performance requirements in terms of the single carrier requirements
· More evaluation is needed for whether it is feasible to apply the single carrier requirements for TDD FDD CA especially for SCell performance. 
· Other options to define the requirements in a generic way are not precluded.
· Whether the extra impairment margin is needed for TDD FDD CA demodulation performance requirements is FFS.
· Define the demodulation performance requirements with the bandwidth combinations supported by 2DL TDD FDD CA configurations in Rel-12.

· TDD FDD CA CQI test

· For 2DL TDD FDD CA CQI test, the existing methodology to specify 2DL FDD CA or TDD CA will be reused.
· Companies are encouraged to provide input about the methods to specify the requirements in a generic way for the scenarios with more CCs
· Soft buffer management tests

· It is FFS to define soft buffer management test for cat 3, 4 UE for 2 DL TDD FDD depending on justification of the need for such CA requirements.

· Reuse the same methodology as that to specify the 2DL FDD CA and 2DL TDD CA soft buffer management tests
· Companies are encouraged to provide input about the methods to specify the requirements in a generic way for the scenarios with more CCs.

· Power imbalance tests
· No new power imbalance test will be specified for 2DL TDD FDD CA.

· Sustained data rate tests
· It is agreed to specify the sustained data rate tests for TDD FDD CA with respect to different UE categories.

3 General issues
3.1 Common configurations
According to the discussion in the last meeting, we propose the following common configurations:
· Proposal 1: 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.
It was proposed to define the separate requirements for cases with TDD PCell and with FDD PCell, because the different HARQ-ACK timing is used for TDD PCell case and FDD PCell case and the maximum number of HARQ processes is changed (which may impact the operation of soft buffer management) [5, 6]. One alternative approach is like what RAN4 did for BS performance. Although the TDD and FDD uplink HARQ-timing are different, the performance gaps between them may be small and so the same requirements are applied for both TDD PCell case and FDD PCell case.
· Proposal 2: In principle, we propose to define the separate tests for FDD PCell case and TDD PCell case;
· Proposal 3: If the performance difference between FDD PCell case and TDD PCell case are small, it is proposed to consider merging the requirements for them.
3.2 Applicability
In order to avoid the test coverage hole in the future and save the effort of modification of applicability rules when the tests with the new bandwidth combinations are introduced, we propose to follow the similar approach as for 3DL CA to define the requirements according the maximum aggregated bandwidths, although that approach will lead to the increasing number of test cases.
· Proposal 4: Define the tests to cover the largest bandwidth combinations of all the TDD FDD CA configurations, and apply the requirements to a UE according the largest aggregated bandwidth supported.
Like what is discussed in 3DL CA, when multiple CA configurations supported by the UE can cover the largest aggregated bandwidth, it is proposed that:
· Proposal 5: If multiple TDD FDD CA configurations cover the largest aggregated bandwidth, one of them with the largest number of the aggregated CCs is selected for test.

For the soft buffer and sustained data rate test, we propose to follow the same way as for 3DL CA:

· Proposal 6: Define the soft buffer management and sustained data rate tests to cover the largest bandwidth combinations of all the TDD FDD CA configurations, and apply the requirements to a UE according the largest aggregated bandwidth supported and UE category. Follow the similar way as for 3DL CA to define the test points.
And regarding the applicable UE category, we follow the same proposal as that for 3DL CA:

· Proposal 7: Apply the 3DL normal TDD FDD CA performance requirements and the requirements with aggregated bandwidth larger than 20MHz for UE category ≥ 5.
3.3 Bandwidth combinations
According to reference paper [3~23], there are totally 10 different 2DL TDD FDD CA configuration bandwidth combination sets and 7 3DL TDD FDD CA configurations. Table 3.3-1 and Table 3.3-2 summarize the maximum aggregated bandwidths for 2DL TDD FDD CA and 3DL TDD FDD CA configurations.
Table 3.3-1 Summary of maximum aggregated bandwidth for 2DL TDD FDD CA
	Aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidths

	Total
	FDD CC BW
	TDD CC BW
	
	

	20+20 (40MHz)
	20
	20
	6
	CA_1A-40A, CA_1A-41A, CA_3A-38A, CA_3A-40A Set0, CA_20A-40A, CA_25A-41A

	20+10 (30MHz)
	10
	20
	3
	CA_5A-40A, CA_8A-40A, CA_8A-41A

	5+10 (15MHz)
	5
	10
	1
	CA_3A-40A Set1


Table 3.3-2 Summary of maximum aggregated bandwidth for 3DL TDD FDD CA
	Aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidths

	Total
	FDD CC BW
	TDD CC BW
	
	

	20+20+20 (60MHz)
	20
	20+20
	4
	CA_1A-41C, CA_1A-42C, CA_3A-42C, CA_25A-41C

	20+20+15 (55MHz)
	15
	20+20
	2
	CA_19A-42C, CA_26A-41C

	20+20+10 (50MHz)
	10
	20+20
	1
	CA_8A-41C


4 Discussion on frameworks for separate requirements
4.1 Normal test
One concern from companies is that the HARQ-ACK timing and maximum HARQ process number of TDD FDD CA are different from the single carrier FDD or TDD performance. So it would be problematic to use the single carrier performance to define TDD FDD CA requirements.
But in our view, the proper TDD FDD HARQ-ACK timing and maximum HARQ process number should be followed when deriving the single carrier FDD or TDD performance used to define TDD FDD CA requirements. So the obtained single carrier performance would be different from the existing single carrier requirements. And the impact of new HARQ-ACK timing and other potential operation differences compared to the pure single carrier case could be included.
· Proposal 8: For TDD FDD CA normal test, follow the TDD FDD CA HARQ-ACK timing on each carrier to derive the single carrier performance.
In [3] we assume using uplink-downlink configuration #0 and #1 and analyze the required numbers of ACK/NACK feedback bits for all the possible TDD and FDD CC combinations. According to the analysis, only 1 TDD PCell + 1 TDD SCell + 3 FDD SCell and 1TDD PCell + 4 FDD SCell will have the total ACK/NACK feedback bits beyond 20bits, where the spatial HARQ-ACK bundling across the codewords is needed.
To solve this issue, one approach is to limit the scheduled subframes on both FDD and TDD CCs for the TDD PCell case, i.e., only subframe #0, 1 and 6 to be scheduled. In that way, the numbers of feedback ACK/NACK bits on each PUCCH transmission will be within 20bits and thus the single carrier performance approach could be fully extended to cover all the possible CA cases with up to 5CCs and 1 uplink transmission.
But the drawbacks of this approach would be that the FRC-s would need to be updated because only subframe #0, #1 and #6 can be used for FDD and subframe #1 and subframe #6 for TDD. Thus it would cause the complexity for the specification and need more effort. However, according to operator offline feedback, the CA configurations of 1 TDD PCell + 1 TDD SCell + 3 FDD SCell and 1TDD PCell + 4 FDD SCell may be rare case. So maybe we could save some effort.

· Proposal 9: Define TDD FDD CA normal performance requirements in terms of single carrier performance assuming that no spatial HARQ-ACK bundling is utilized.

In that way, the specified requirements specified cannot be applied to the TDD FDD CA configuration with 1 TDD PCell, 1 TDD SCell and 3 FDD SCell and the TDD FDD CA configuration with 1 TDD PCell and 4 FDD SCell. In case that such CA configurations need to be supported, more study will be needed in the future.
According to the analysis in Section 3.3, for 2DL TDD FDD CA, there are totally 3 different bandwidth combinations, and for 3DL TDD FDD CA there are totally 3 different bandwidth combinations, too. 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 10: 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.
4.2 Soft buffer management test
For TDD FDD CA, the soft buffer will be equally split according to current specification. In that way for each TDD or FDD CC the available soft buffer size is almost the same as that for FDD CA or TDD CA with the same CC number, if the difference of maximum HARQ process number is not taken into account. If taking HARQ process number into consideration, for TDD PCell case, the soft buffer size for FDD SCell may decrease due to the increasing HARQ process number, while for FDD PCell case the available soft buffer size for TDD SCell may increase due to the decreasing HARQ process number but be equal to the soft buffer size for FDD CC. For the former case, the decreasing soft buffer will further degrade the performance. For the latter case, if the assigned TB size on FDD PCell will cause soft buffer problem, it will also cause the soft buffer problem on TDD SCell.
So for both cases, the significant performance gap between with instantaneous buffering and without instantaneous buffering could be expected under the same test setup as the existing FDD and TDD soft buffer management test. Thus we think there is a need to define TDD FDD soft buffer management requirements for TDD FDD CA to guarantee the instantaneous buffer implementation. Otherwise there will be no requirements applicable for UE only supporting TDD FDD CA.
According to analysis for 3DL CA, there is no soft buffer limitation issue for UE category 6 and 7 to support 3DL CA. The similar conclusions could be drawn for TDD FDD CA. So we propose
· Proposal 11: define 2DL TDD FDD CA soft buffer management test by following the same test setup as that used for FDD or TDD CA soft buffer management test and for bandwidth combinations of 20+20MHz and 20+10MHz.
Another issue is that for FDD and TDD CA soft buffer management test the separate MCS-s are used for UE category 3 and UE category 4 tests, i.e., 1/2 16QAM for UE category 3 and 0.39 64QAM for UE category 4. We think that we could unify the MCS for both cases. 
· Proposal 12: use 0.39 64QAM as MCS for both UE category 3 and 4 TDD FDD CA soft buffer management test.
4.3 Power imbalance test
It was agreed that no power imbalance test will be introduced for TDD FDD CA since only inter-band TDD FDD CA is specified. But to TDD FDD CA capable UE the existing FDD or TDD intra-band contiguous CA power imbalance tests can be applied when it also supports bands where intra-band contiguous CA can be configured. For example, if UE supports CA_1A-40A, then it also can support CA_40C and the TDD power imbalance test can be applied.

· Proposal 13: 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 defined can be applied to that UE.
4.4 Sustained data rate test
For TDD FDD CA sustained data rate test, we propose to follow the similar approach as for 3DL CA:
· Proposal 14: For TDD FDD CA sustained data rate test

· Define the tests to cover all the maximum bandwidth combinations, i.e., 20+20MHz, 20+10MHz, 10+5MHz, 3×20MHz, 20+20+15MHz and 20+20+10MHz;

· Do not apply the 3×20MHz, 20+20+15MHz and 20+20+10MHz 3DL TDD FDD CA sustained data rate test to UE category 6 and 7 and apply 2DL sustained data rate test to UE category 6 and 7 which can support 3DL CA;

· Apply 85% TB success rate as reference level of requirements for TDD FDD CA sustained data rate tests when the largest TB size is selected for a certain bandwidth (coding rate < 0.93) and 64QAM is used on each CC;
· FFS whether and how to apply 2DL CA sustained data rate test for UE category 9~13. 
Furthermore, since 85% seems to applicable for both FDD PCell case and TDD PCell case, there would be no need to separate them and define two sets of requirements. So it is proposed to define one set of sustained data rate requirements for both cases, but use the separate test setup like HARQ-ACK timing during the test for them.
· Proposal 15: Define one set of sustained data rate test for FDD PCell case and TDD PCell case, but the test may be conducted separately for FDD PCell case and TDD PCell case.
4.5 CQI test
We propose to follow the same methodology as for 3DL for TDD FDD CQI test, i.e., 
· Proposal 16: it is proposed that 
· For 2DL TDD FDD CA CQI test, the difference between the reported wideband CQI indices from PCell and SCell is used as test metric and the SNR values of 10dB and 4dB are configured for PCell and SCell separately;
· For 3DL TDD FDD CA CQI test, three cells are configured, i.e., PCell, SCell1 and SCell2 with 12dB, 6dB and 0dB power levels correspondingly, and the differences of the reported wideband CQI indices between PCell and SCell1 and between SCell1 and SCell2 are used as the test metric;
In our view, because there is no data scheduled, the same requirements can be applied to FDD PCell case and TDD PCell case. So we propose:
· Proposal 17: it is proposed that the same requirements are specified for FDD PCell and TDD PCell cases, but the test may be run separately for FDD PCell case and TDD PCell case.
5 Conclusions
In this contribution, we discuss the CA demodulation performance and CSI requirements for TDD FDD CA. Below we summarize our proposals.
For common configurations we propose
· Proposal 1: 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.
· Proposal 2: In principle, we propose to define the separate tests for FDD PCell case and TDD PCell case;
· Proposal 3: If the performance difference between FDD PCell case and TDD PCell case are small, it is proposed to consider merging the requirements for them.
For the applicability of the requirements, we propose that

· Proposal 4: Define the tests to cover the largest bandwidth combinations of all the TDD FDD CA configurations, and apply the requirements to a UE according the largest aggregated bandwidth supported.

· Proposal 5: If multiple TDD FDD CA configurations cover the largest aggregated bandwidth, one of them with the largest number of the aggregated CCs is selected for test.

· Proposal 6: Define the soft buffer management and sustained data rate tests to cover the largest bandwidth combinations of all the TDD FDD CA configurations, and apply the requirements to a UE according the largest aggregated bandwidth supported and UE category. Follow the similar way as for 3DL CA to define the test points.

· Proposal 7: Apply the 3DL normal TDD FDD CA performance requirements and the requirements with aggregated bandwidth larger than 20MHz for UE category ≥ 5.
For normal CA tests, we propose that
· Proposal 8: For TDD FDD CA normal test, follow the TDD FDD CA HARQ-ACK timing on each carrier to derive the single carrier performance.

· Proposal 9: Define TDD FDD CA normal performance requirements in terms of single carrier performance assuming that no spatial HARQ-ACK bundling is utilized.

· Proposal 10: 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.
For soft buffer test, we propose that
· Proposal 11: define 2DL TDD FDD CA soft buffer management test by following the same test setup as that used for FDD or TDD CA soft buffer management test and for bandwidth combinations of 20+20MHz and 20+10MHz.

· Proposal 12: use 0.39 64QAM as MCS for both UE category 3 and 4 TDD FDD CA soft buffer management test.
Related to power imbalance test, we propose that
· Proposal 13: 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 defined can be applied to that UE.
For sustained data rate tests, we propose that

· Proposal 14: For TDD FDD CA sustained data rate test

· Define the tests to cover all the maximum bandwidth combinations, i.e., 20+20MHz, 20+10MHz, 10+5MHz, 3×20MHz, 20+20+15MHz and 20+20+10MHz;

· Do not apply the 3×20MHz, 20+20+15MHz and 20+20+10MHz 3DL TDD FDD CA sustained data rate test to UE category 6 and 7 and apply 2DL sustained data rate test to UE category 6 and 7 which can support 3DL CA;

· Apply 85% TB success rate as reference level of requirements for TDD FDD CA sustained data rate tests when the largest TB size is selected for a certain bandwidth (coding rate < 0.93) and 64QAM is used on each CC;

· FFS whether and how to apply 2DL CA sustained data rate test for UE category 9~13. 
· Proposal 15: Define one set of sustained data rate test for FDD PCell case and TDD PCell case, but the test may be conducted separately for FDD PCell case and TDD PCell case.
For CQI test, we propose that
· Proposal 16: it is proposed that 
· For 2DL TDD FDD CA CQI test, the difference between the reported wideband CQI indices from PCell and SCell is used as test metric and the SNR values of 10dB and 4dB are configured for PCell and SCell separately;
· For 3DL TDD FDD CA CQI test, three cells are configured, i.e., PCell, SCell1 and SCell2 with 12dB, 6dB and 0dB power levels correspondingly, and the differences of the reported wideband CQI indices between PCell and SCell1 and between SCell1 and SCell2 are used as the test metric.
· Proposal 17: it is proposed that the same requirements are specified for FDD PCell and TDD PCell cases, but the test may be run separately for FDD PCell case and TDD PCell case.
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7 Annex: summary of 3DL CA bandwidth combinations

7.1 2DL CA TDD FDD
Table 7.1.-1: 2DL inter-band CA (TDD FDD 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_1A-40A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_1A-41A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	41
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_3A-38A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	38
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_3A-40A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	3
	Yes
	Yes
	Yes
	
	
	
	15
	1

	
	40
	Yes
	
	Yes
	Yes
	
	
	
	

	CA_5A-40A
	5
	
	
	Yes
	Yes
	
	
	30
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_8A-40A
	8
	
	
	Yes
	Yes
	
	
	30
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_8A-41A
	8
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	41
	
	
	
	
	
	Yes
	
	

	CA_20A-40A
	20
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_25A-41A
	25
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	41
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For each band combination, all combinations of indicated bandwidths belong to the set

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table 7.1.-2: 3DL inter-band CA with 2 bands (TDD FDD 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_1A-41C
	1
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	41
	See CA_41C in Table 5.6A.1-1
	
	

	CA_1A-42C
	1
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	42
	See CA_42C in Table 5.6A.1-1
	
	

	CA_3A-42C
	3
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	42
	See CA_42C in Table 5.6A.1-1
	
	

	CA_8A-41C
	8
	Yes
	Yes
	Yes
	Yes
	
	
	50
	0

	
	41
	See CA_41C in Table 5.6A.1-1
	
	

	CA_19A-42C
	19
	
	
	Yes
	Yes
	Yes
	
	55
	0

	
	42
	See CA_42C in Table 5.6A.1-1
	
	

	CA_25A-41C
	25
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	41
	See CA_41C in Table 5.6A.1-1
	
	

	CA_26A-41C
	26
	
	
	Yes
	Yes
	Yes
	-
	55
	0

	
	41
	See CA_41C in Table 5.6A.1-1
	
	

	NOTE 1:
The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For each band combination, all combinations of indicated bandwidths belong to the set

NOTE 3:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal








