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1 Introduction
In the RAN meeting #64 a new work item [1] to provide the good demodulation and CSI requirements for multiple CA configurations including 3DL and beyond 3DL CA and TDD FDD CA. In the previous RAN4 meetings, the detailed solutions targeting at the scalable UE CA performance requirements are provided [2~4].
The accompanied paper discusses the requirements for 3DL and beyond 3DL CA configurations [5]. This paper will focus on the TDD FDD CA scenarios. The basic idea is to reuse the same methodologies as we proposed for 3DL and beyond 3DL CA as much as possible.
2 TDD FDD CA demodulation and CSI requirements

In Annex, we summarize the RAN1 agreements for TDD FDD CA. To make the tests applicable to all the TDD FDD CA capable UE, we propose the following assumptions:
· Proposal 1: TDD FDD CA demodulation performance and CSI requirements are designed based on the following assumptions:

· UE support simultaneous RX/TX;
· UE does not support TDD FDD UL CA;

· PUCCH is transmitted only on the PCell;
· PUCCH format 3 will be used to make the tests be extended to 5 CC cases.

And since no intra-band TDD FDD CA will be introduced, there is no need to specify the power imbalance requirements for TDD FDD CA which is similar to that specified for intra-band contiguous CA.
According to the summary, the following issues will impact the design of the requirements:
· The schemes for HARQ-timing and HARQ-ACK transmission when PCell uses FDD are different from those when PCell uses TDD;
· The maximum number of DL HARQ processes when PCell uses FDD is different from those when PCell uses TDD.
2.1 Specific issues for TDD FDD CA
2.1.1 Requirements for the case when PCell using FDD and the case when PCell using TDD
The different HARQ timing is specified for the case where PCell uses TDD and that where PCell uses FDD. 
When PCell uses FDD, the HARQ-ACK for TDD SCell will be transmitted according to the FDD HARQ timing. Since the number of DL subframes for FDD is larger than that for TDD, the ACK/NACK for each subframe on each CC can be fed back independently.
But if PCell uses TDD and SCell uses FDD, the ACK/NACK bits corresponding to more than one DL subframes on FDD CC will be packed into one UL subframe together with the TDD CC ACK/NACK bits. If the number of total bits is beyond 21 bits, then the spatial bundling across multiple codewords will be used. In that way, at least in theory the single carrier requirement with multiple layer transmission could not be applied to the TDD FDD CA tests with PCell using TDD directly, because the HARQ feedback information for each codeword in a subframe is not independent.
So it seems that the demodulation performance requirements with PCell using FDD would be different from the requirements with PCell using TDD. 
But in order to simplify the test and reuse the framework proposed for 3DL CA, we propose to find a way to make the requirements for both cases the same.
· Proposal 2: The TDD FDD CA demodulation performance and CSI requirements should be specified in a way that the same requirements can be applied to both the cases with PCell using FDD and with PCell using TDD.
2.1.2 DL reference UL-DL configuration and DL transmission scheduling
The key to achieve the target of Proposal 2 is to make the ACK/NACK feedback for each scheduled codeword independent.

In the existing demodulation performance requirements, UL-DL configuration 1 is used for all the CA demodulation performance requirements, where for most cases subframe #1, #4, #6 and #9 are scheduled during the test as shown in Table 1.

In Figure 1 we provide the ACK/NACK feedback timing for TDD as PCell with UL-DL configuration 0, while in Figure 2 we provide the ACK/NACK feedback timing for TDD as PCell with UL-DL configuration 1. In Table 2, we calculate the total number of desirable ACK/NACK feedback bits before spatial bundling for all the possible PCell and SCell combinations with respect to TDD and FDD assuming that UL-DL configuration 0 is configured. In Table 3, we calculate the corresponding total number assuming that UL-DL configuration 1 is configured.

We can observe that:
· Observation 1: If UL-DL configuration 0 is configured, the maximum number of desirable ACK/NACK bits without spatial bundling for TDD FDD CA with PCell using TDD will not exceed 20 bits. Thus no spatial bundling will be operated across multiple codewords and the single carrier requirements could be applied for CA. But for TDD maybe only subframe #0, #1, #6 can be scheduled.
· Observation 2: If UL-DL configuration 1 is configured, the maximum number of desirable ACK/NACK bits without spatial bundling for TDD FDD CA with PCell using TDD will exceed 20 bits in uplink subframe #3 and #8 for 5DL CA cases.
Based on the above observations, we have two options to extend the framework for 3DL CA to TDD FDD CA:
· Proposal 3: For CA normal test and the soft buffer management test, two options are proposed to extend the framework for 3DL CA to TDD FDD CA:

· Option 1: For TDD FDD CA, UL-DL configuration 0 is configured for TDD serving cell and as DL reference UL-DL configuration for FDD serving cell. For TDD serving cell, only #0, #1, #6 can be scheduled.
· Option 2: For TDD FDD CA, UL-DL configuration 1 is configured for TDD serving cell and as DL reference UL-DL configuration for FDD serving cell. For FDD serving cell, only #0, #1, (#5), #6 can be scheduled.
Table 1: Scheduled subframes for the existing TDD CA demodulation tests
	Test Cases
	Scheduled subframe num

	CA TM1 test
	#0, #1, #4, #6, #9

	CA TM3 test
	#1, #4, #6, #9

	CA TM4 test
	#1, #4, #6, #9

	Soft buffer test
	#4, #9

	Sustained data rate test
	All the DL subframes


Table 2: Total desirable HARQ-ACK feedback bit number without spatial bundling assuming that PCell uses TDD with UL-DL configuration 0, DL reference UL-DL configuration is Configuration 0 and two codewords are transmitted per CC
	CA PCell and SCell combination
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	TDD PCell + 1 FDD SCell
	-
	-
	6 bits
	4 bits
	4 bits
	-
	-
	6 bits
	4 bits
	4 bits

	TDD PCell + 2 FDD SCell
	-
	-
	10 bits
	8 bits
	6 bits
	-
	-
	10 bits
	8 bits
	6 bits

	TDD PCell + 3 FDD SCell
	-
	-
	16 bits
	12 bits
	8 bits
	-
	-
	16 bits
	12 bits
	8 bits

	TDD PCell + 4 FDD SCell
	-
	-
	18 bits
	16 bits
	10bits
	-
	-
	18 bits
	16 bits
	10bits

	TDD PCell + 1 TDD SCell + 1FDD SCell
	-
	-
	16 bits
	4 bits
	6 bits
	-
	-
	16 bits
	4 bits
	6 bits

	TDD PCell + 1 TDD SCell + 2FDD SCell
	-
	-
	12 bits
	8 bits
	6 bits
	-
	-
	12 bits
	8 bits
	6 bits

	TDD PCell + 1 TDD SCell + 3FDD SCell
	-
	-
	16 bits
	12 bits
	10 bits
	-
	-
	16 bits
	12 bits
	10 bits

	TDD PCell + 2 TDD SCell + 1FDD SCell
	-
	-
	10 bits
	4 bits
	8 bits
	-
	-
	10 bits
	4 bits
	8 bits

	TDD PCell + 2 TDD SCell + 2FDD SCell
	-
	-
	14 bits
	8 bits
	10 bits
	-
	-
	14 bits
	8 bits
	10 bits

	TDD PCell + 3 TDD SCell + 1FDD SCell
	-
	-
	12 bits
	4 bits
	10 bits
	-
	-
	12 bits
	4 bits
	10 bits


Table 3: Total desirable HARQ-ACK feedback bit number without spatial bundling assuming that PCell uses TDD with UL-DL configuration 1, DL reference UL-DL configuration is Configuration 1 and two codewords are transmitted per CC

	CA PCell and SCell combination
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	TDD PCell + 1 FDD SCell
	-
	-
	8 bits
	8 bits
	-
	-
	-
	8 bits
	8 bits
	-

	TDD PCell + 2 FDD SCell
	-
	-
	12 bits
	14 bits
	-
	-
	-
	12 bits
	14 bits
	-

	TDD PCell + 3 FDD SCell
	-
	-
	16 bits
	20 bits
	-
	-
	-
	16 bits
	20 bits
	-

	TDD PCell + 4 FDD SCell
	-
	-
	20 bits
	26 bits
	-
	-
	-
	20 bits
	26 bits
	-

	TDD PCell + 1 TDD SCell + 1FDD SCell
	-
	-
	12 bits
	10 bits
	-
	-
	-
	12 bits
	10 bits
	-

	TDD PCell + 1 TDD SCell + 2FDD SCell
	-
	-
	16 bits
	16 bits
	-
	-
	-
	16 bits
	16 bits
	-

	TDD PCell + 1 TDD SCell + 3FDD SCell
	-
	-
	20 bits
	22 bits
	-
	-
	-
	20 bits
	22 bits
	-

	TDD PCell + 2 TDD SCell + 1FDD SCell
	-
	-
	16 bits
	12 bits
	-
	-
	-
	16 bits
	12 bits
	-

	TDD PCell + 2 TDD SCell + 2FDD SCell
	-
	-
	20 bits
	18 bits
	-
	-
	-
	20 bits
	18 bits
	-

	TDD PCell + 3 TDD SCell + 1FDD SCell
	-
	-
	20 bits
	14 bits
	-
	-
	-
	20 bits
	14 bits
	-
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Figure 1: ACK/NACK feedback with DL reference UL-DL configuration 0 for TDD FDD CA
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Figure 2: ACK/NACK feedback with DL reference UL-DL configuration 1 for TDD FDD CA
2.1.3 Sustained data rate test and maximum number of HARQ process
But for sustained data rate test, it would be difficult to unify the requirements for the cases with PCell using FDD and with the PCell using TDD, because firstly the HARQ-timing and transmission are different between those two cases and secondly the maximum number of HARQ process are different between those two cases.
In the existing TDD CA sustained data rate test, the UL-DL configuration #5 is utilized for the lower UE category test and configuration #1 is utilized for the higher UE category test, because the TTI bundling for UL-DL configuration #5 will lead to extremely high required SNR for higher UE category tests.

And the UE is not expected to be configured with more than two serving cells having DL-reference UL-DL configuration 5. It means that the number of configured CCs will be limited if UL-DL configuration 5 is used for TDD PCell.

Therefore we propose that:
· Proposal 4: For TDD FDD CA sustained data rate test, the UL-DL configuration 5 is not configured for PCell using TDD, and instead the UL-DL configuration 1 is suggested to configure for PCell using TDD.
· Proposal 5: For TDD FDD CA sustained data rate test, the UL-DL configuration 5 is proposed to use when PCell uses FDD and for the lower UE category test (where 95% TB success rate is feasible), and the UL-DL configuration 1 is proposed to use when PCell uses FDD and for the higher UE category test (where 85% TB success rate is feasible).

· Proposal 6: Separate evaluations will be needed for the cases with PCell using FDD and PCell using TDD.
2.2 Test setups for TDD FDD demodulation and CSI requirements
2.2.1 CA Normal test and soft buffer management test
The same methodology as proposed for 3DL and beyond 3DL CA tests can be reused with the DL scheduling proposed in Section 2.1.2.
· Proposal 7: Reuse the same methodology as proposed for 3DL and beyond 3DL CA tests with the DL scheduling proposed in Proposal 3. And the test can be conducted either with TDD as PCell or FDD as PCell.
2.2.2 CA CQI test
The same methodology as proposed for 3DL and beyond 3DL CA tests can be reused.
· Proposal 8: Reuse the same methodology as proposed for 3DL and beyond 3DL CA tests with CQI feedback configurations that ensure no collision between CCs. And the test should be conducted either with TDD as PCell or FDD as PCell.
2.2.3 CA sustained data rate test

It seems that the different requirements for the case with PCell using TDD and PCell using FDD should be specified.

· Observation 3: It seems that the different requirements for the case with PCell using TDD and PCell using FDD should be specified.
3 Conclusions
In this contribution, we provide the concrete proposals for TDD FDD CA demodulation performance and CQI reporting requirements. The proposals are summarized as follows:
· Proposal 1: TDD FDD CA demodulation performance and CSI requirements are designed based on the following assumptions:

· UE support simultaneous RX/TX;

· UE does not support TDD FDD UL CA;

· PUCCH is transmitted only on the PCell;

· PUCCH format 3 will be used to make the tests be extended to 5 CC cases.

· Proposal 2: The TDD FDD CA demodulation performance and CSI requirements should be specified in a way that the same requirements can be applied to both the cases with PCell using FDD and with PCell using TDD.
· Observation 1: If UL-DL configuration 0 is configured, the maximum number of desirable ACK/NACK bits without spatial bundling for TDD FDD CA with PCell using TDD will not exceed 20 bits. Thus no spatial bundling will be operated across multiple codewords and the single carrier requirements could be applied for CA. But for TDD maybe only subframe #0, #1, #6 can be scheduled.

· Observation 2: If UL-DL configuration 1 is configured, the maximum number of desirable ACK/NACK bits without spatial bundling for TDD FDD CA with PCell using TDD will exceed 20 bits in uplink subframe #3 and #8 for 5DL CA cases.
· Proposal 3: For CA normal test and the soft buffer management test, two options are proposed to extend the framework for 3DL CA to TDD FDD CA:

· Option 1: For TDD FDD CA, UL-DL configuration 0 is configured for TDD serving cell and as DL reference UL-DL configuration for FDD serving cell. For TDD serving cell, only #0, #1, #6 can be scheduled.

· Option 2: For TDD FDD CA, UL-DL configuration 1 is configured for TDD serving cell and as DL reference UL-DL configuration for FDD serving cell. For FDD serving cell, only #0, #1, (#5), #6 can be scheduled.
For TDD FDD CA sustained data rate test, we propose:

· Proposal 4: For TDD FDD CA sustained data rate test, the UL-DL configuration 5 is not configured for PCell using TDD, and instead the UL-DL configuration 1 is suggested to configure for PCell using TDD.

· Proposal 5: For TDD FDD CA sustained data rate test, the UL-DL configuration 5 is proposed to use when PCell uses FDD and for the lower UE category test (where 95% TB success rate is feasible), and the UL-DL configuration 1 is proposed to use when PCell uses FDD and for the higher UE category test (where 85% TB success rate is feasible).

· Proposal 6: Separate evaluations will be needed for the cases with PCell using FDD and PCell using TDD.
For TDD FDD CA normal and soft buffer management test, we propose

· Proposal 7: Reuse the same methodology as proposed for 3DL and beyond 3DL CA tests with the DL scheduling proposed in Proposal 3. And the test can be conducted either with TDD as PCell or FDD as PCell.
For TDD FDD CA CQI test, we propose that

· Proposal 8: Reuse the same methodology as proposed for 3DL and beyond 3DL CA tests with CQI feedback configurations that ensure no collision between CCs. And the test can be conducted either with TDD as PCell or FDD as PCell.

For TDD FDD CA sustained data rate test, we observe that

· Observation 3: It seems that the different requirements for the case with PCell using TDD and PCell using FDD should be specified.
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5 Annex: Summary of RAN1 agreements

Table A.1 summaries the agreements for TDD FDD CA in RAN1 were summarized. The parts which will impact the RAN4 demodulation and CSI tests are highlighted by yellow.
Table A.1: Summary of RAN1 agreements for TDD FDD CA
	Topic
	Agreements

	UE requirements
	· A TDD-FDD CA-capable UE supports TDD-FDD DL CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA
· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL CA

· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous Rx/Tx capability of TDD-FDD CA UEs in Rel.12
· UE not supporting simultaneous RX/TX is not supported in Rel-12. 

	PUCCH transmission
	· For UEs not supporting TDD-FDD UL CA, the PUCCH shall be transmitted on the PCell. Thus, PUCCH transmitted only on the PCell shall be supported for TDD-FDD CA.
· For TDD-FDD CA, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA
· After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.

	HARQ timing
	· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier.
· UL HARQ timing for SCell in case of self-carrier scheduling 
· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing SCell timing regardless whether SCell is TDD or FDD.
· DL HARQ timing for TDD SCell with FDD PCell and self-carrier scheduling 

· When PCell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on SCell with self-scheduling, HARQ timing follows PCell timing, i.e. FDD timing. 

· DL HARQ timing for FDD SCell with TDD PCell and self-carrier scheduling 

· FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
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· HARQ timing for DL cross-carrier scheduling 

· The DL HARQ timing of the scheduled serving cell follows the PCell’s timing.
· HARQ timing for UL cross-carrier scheduling 

· If the scheduling serving cell is FDD and the scheduled serving cell is TDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of TDD scheduled serving cell follows the TDD scheduled serving cell’s UL/DL configuration.
· If the scheduling serving cell is TDD and the scheduled serving cell is FDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of FDD scheduled serving cell follows 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

	HARQ-ACK transmission
	· PUCCH format 1b with channel selection and PUCCH format 3 are supported for TDD-FDD carrier aggregation. 

· When PCell is using TDD and SCell is using FDD 

· PUCCH format 1b channel selection can be configured only with the TDD PCell UL/DL configurations which don’t require DL HARQ timing with M>4 on the FDD SCell 

· For PUCCH format 1b with channel selection 

· When PCell is using FDD and SCell is using TDD 

· FDD ACK/NACK tables are used 

· When PCell is using TDD and SCell is using FDD 

· TDD ACK/NACK tables are used

· For PUCCH format 1b with channel selection, when PCell is using FDD and SCell is using TDD 

· If there is an associated UL subframe on the SCell, PUCCH format 1a/1b is used as for a single FDD serving cell

· Otherwise, PUCCH format 1b with channel selection is used 

· For PUCCH format 1b with channel selection and HARQ-ACK+SR transmission in the same subframe

· When PCell is using FDD and SCell is using TDD 

· Joint HARQ-ACK and positive SR transmission is by PUCCH format 1a/1b

· If there is an associated UL subframe on the SCell, transmission is performed as for a single FDD serving cell, i.e., spatial bundling is not performed on the SR resource.

· Otherwise, transmission is performed as for two FDD serving cells, i.e., spatial bundling is performed on the SR resource. 

· When PCell is using TDD and SCell is using FDD 

· Joint HARQ-ACK and SR transmission is applied as for TDD carrier aggregation in Rel-10/11

· For HARQ-ACK transmission on PUCCH format 3 or on PUSCH 

· When PCell is using FDD and SCell is using TDD 

· The number of HARQ-ACK bits transmitted in an UL subframe is determined based on the number of serving cells that have an associated DL subframe and the downlink transmission modes configured for each serving cell

· When PCell is using TDD and SCell is using FDD 

· The number of HARQ-ACK bits transmitted in an UL subframe is determined using the Rel-10/11 way

	DCI format
	· UL/UL DCI format for PCell follows existing specification
· DCI formats for SCell
· If both PCell and the scheduled SCell use FDD 

· DL DCI and UL DCI formats: no UL index, no UL DAI, no DL DAI

· DL DCI formats include 3-bit HARQ process number field

· If PCell uses TDD and the scheduled SCell uses FDD  

· DL DCI formats include 2-bit DL DAI and 4-bit HARQ process number field

· Because the DL HARQ timing of the FDD SCell is a TDD similar HARQ timing in this case.

· UL DCI formats include 2-bit UL DAI

· Because the DL HARQ timing of the FDD SCell is a TDD similar HARQ timing in this case. 

· No UL index field exists in UL DCI formats

· Because the PUSCH scheduling timing on the FDD SCell still follows the FDD timing for self-carrier case and follows a 4ms+6ms timing for cross-carrier scheduling, which don’t need UL index in the UL DCI formats   

· If PCell uses FDD and the scheduled SCell uses TDD  

· DL DCI formats: No DL DAI, 3-bit HARQ process number field

· Because the DL HARQ timing for the TDD SCell follows FDD timing

· UL DCI formats: No UL DAI, 2-bit UL index when the UL/DL configuration of the TDD SCell is UL/DL configuration 0 

· Because the PUSCH scheduling timing still follows a TDD timing for both self-carrier scheduling and cross-carrier scheduling

	Multiple TA handling for TDD FDD CA
	· Multiple TAGs can be configured between TDD cell and FDD cell

· No additional handling is necessary  to the current specifications to keep the maximum TX timing difference of 32.47us between the TDD cell and FDD cell 

· Regarding support of single TAG across TDD cell and FDD cell, 

· When TDD cell and FDD cell are in a PTAG

· UE’s TX subframe boundary between TDD cell and FDD cell can be aligned with no additional handling to the current specifications 

· When TDD cell and FDD cell are in a STAG

· UE shall use NTA offset equals 624 Ts for the STAG

	Maximum number of DL HARQ processes
	· Based on the agreed DL HARQ timing for an FDD SCell with TDD PCell as shown in Table 2, the maximum number of DL HARQ processes for an FDD SCell with TDD PCell is shown in Table 9.
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· For the maximum number of DL HARQ processes for TDD SCell with FDD PCell.
· The maximum number of DL HARQ processes for a TDD SCell is 8 regardless of the UL/DL configuration of the TDD SCell
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