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1
Introduction

A new work item on flexible CA performance requirements was approved in RAN#64 [1]. The new WI is to specify at least normal demodulations tests based on single carrier performance if the CA performance can be specified in terms of single carrier performance. There has been previous discussions in RAN4 regarding the feasibility of using single carrier demodulation performance to define CA demodulation performance [2-4], but these discussions mostly focus on FDD-FDD CA or TDD-TDD CA scenarios.
With a significant number of FDD-TDD CA configurations being discussed in RAN4 now, it is important to also look into the feasibility of using single carrier performance to specify FDD-TDD CA performance. In this paper we first review the current status of Rel 12 FDD-TDD CA design. Within the framework of the current design, we explore how to evaluate FDD-TDD CA performance under different scenarios of FDD-TDD configurations. Finally we make some proposals on how to proceed with this work and topics for further investigations.
2
Review of the current FDD-TDD CA status
Rel-12 FDD-TDD CA reuses much of the Rel-11 inter-band TDD CA framework. UE with 2DL and 1 UL is supported with at least PUCCH transmission on PCell. Both self-scheduling and cross-carrier scheduling are supported. Cross-carrier scheduling can be used to reduce inter-cell interference of PDCCH in scenarios like range extension zones of heterogeneous networks.
PDSCH HARQ timing is different for self-scheduling and cross-carrier scheduling cases. For the self-scheduling case, if PDSCH is transmitted on PCell, PDSCH scheduling and DL HARQ timing follow the existing PCell HARQ timing. For PDSCH transmitted on SCell, 
· If PCell is a FDD carrier, TDD SCell DL HARQ timing follows FDD PCell timing.
· If PCell is a TDD carrier, FDD SCell follows new HARQ timing as defined in Table 1.
Table 1: Downlink association set index: 
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for FDD SCell when PCell is TDD, where PDSCH is transmitted in subframe n-k
	TDD PCell UL-DL
Conf.
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 5
	5, 4
	4
	-
	-
	6, 5
	5, 4
	4

	1
	-
	-
	7, 6
	6, 5, 4
	-
	-
	-
	7, 6
	6, 5, 4
	

	2
	-
	-
	8, 7, 6, 5, 4
	-
	-
	-
	-
	8, 7, 6, 5, 4
	-
	-

	3
	-
	-
	11, 10, 9, 8, 7, 6
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 11, 10, 9, 8, 7
	7, 6, 5, 4
	
	
	-
	-
	-
	

	5
	-
	-
	13, 12, 11, 10, 9, 8, 7, 6, 5, 4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	8, 7
	7, 6
	6, 5
	-
	-
	7
	7, 6, 5
	-


For the cross-carrier scheduling case, if PCell is a FDD carrier, DL HARQ timing of SCell follows FDD PCell timing. In the case of TDD PCell, DL HARQ timing of the scheduled FDD serving cell follows the TDD PCell’s timing, which is determined according to PCell’s SIB1 TDD UL/DL configuration or DL-reference HARQ timing of the PCell if eIMTA is configured on TDD PCell. Same as in Rel-10/11 CA, cross-carrier scheduling in TDD-FDD CA can only support scheduling for Scell subframes where the corresponding subframes in PCell are DL or special subframes – that is, no cross-/multi-subframe scheduling is supported for Rel-12 TDD-FDD CA.
Due to the new DL HARQ timing in SCell, the maximum HARQ process numbers are also modified accordingly. For FDD PCell and TDD SCell, MDL_HARQ = 8 for the TDD SCell regardless of TDD UL/DL configuration. When TDD PCell and FDD SCell, MDL_HARQ for the FDD SCell is determined by the UL/DL configuration of the TDD PCell as indicated in Table 2 below.
Table 2: Maximum number of DL HARQ processes for FDD SCell when PCell is a TDD carrier
	TDD PCell UL/DL configuration
	Maximum number of HARQ processes

	0
	10

	1
	11

	2
	12

	3
	15

	4
	16

	5
	16

	6
	12


As for FDD-TDD CA band combinations, 11 combinations, including 2 and 3 DL CA, have been created and worked on in RAN4. The band and bandwidth combinations of the existing FDD-TDD CA configurations are listed in Table 3.
Table 3: Maximum number of DL HARQ processes for FDD SCell
	Band Combinations
	CC1 band and bandwidth 
	CC2 band and bandwidth
	CC3 band and bandwidth
	Maximum Aggregated Bandwidth

	CA_1A-41A
	Band 1: 5, 10, 15, 20
	Band 41: 5, 10, 15, 20
	-
	40

	CA_1A-42A
	Band 1: 5, 10, 15, 20
	Band 42: 5, 10, 15, 20
	-
	40

	CA_3A-42A
	Band 3: 5, 10, 15, 20
	Band 42: 5, 10, 15, 20
	-
	40

	CA_8A-40A
	Band 8: 5, 10
	Band 40: 5, 10, 15, 20
	-
	30

	CA_19A-42A
	Band 19: 5, 10, 15
	Band 42: 5, 10, 15, 20
	-
	35

	CA_26A-41A
	Band 26: 5, 10, 15
	Band 41: 5, 10, 15, 20
	-
	35

	CA_1A-41A-41A
	Band 1: 5, 10, 15, 20
	Band 41: 5, 10, 15, 20
	Band 41: 5, 10, 15, 20
	60

	CA_1A-42C
	Band 1: 5, 10, 15, 20
	Band 42: 5, 10, 15, 20
	Band 42: 20
	60

	CA_3A-42C
	Band 3: 5, 10, 15, 20
	Band 42: 5, 10, 15, 20
	Band 42: 20
	60

	CA_19A-42C
	Band 19: 5, 10, 15, 20
	Band 42: 5, 10, 15, 20
	Band 42: 20
	60

	CA_26-41A-41A
	Band 26: 5, 10, 15
	Band 41: 5, 10, 15, 20
	Band 41: 5, 10, 15, 20
	55


3
Discussion on the framework and methodology of FDD-TDD CA demodulation tests
3.1
Normal CA demodulation tests
For normal CA demodulation tests, it is noted from Table 3 that the FDD CC always supports 10 Mhz bandwidth and the TDD CC always support 20 Mhz bandwidth. Therefore such bandwidth combination can be considered as a baseline or a starting point to investigate the FDD-TDD CA demodulation tests. To specify FDD-TDD CA demodulation performance in terms of single CC performance, we need to divide the discussions into the FDD PCell case and the TDD PCell case because HARQ timing and the maximum number of DL HARQ processes are different in these two cases. From the review of section 2, we first note that PCell does not have any change in HARQ timing or process numbers in either FDD or TDD with self-scheduling or cross-carrier scheduling. Therefore PCell performance can be verified with a single cell performance.
Proposal 1: For FDD-TDD CA demodulation tests, use 10 Mhz FDD and 20 MHz TDD as the baseline bandwidth combination.
Proposal 2: PCell performance can be verified with a single FDD or TDD cell with either self-scheduling or cross-carrier scheduling.
If PCell uses a FDD carrier, TDD SCell will adopt the FDD HARQ timing, which means that UE has less time to prepare for UL Ack/Nack transmission in some cases. Due to DL HARQ timing change, the maximum number of HARQ processes of the TDD SCell is 8 regardless of UL/DL configurations. With the change of maximum HARQ process, the rate-matching operation and soft buffer management can also changes for the TDD SCell as oppose to the single TDD cell, due to the operation of min(MDL_HARQ, Mlimit) in both rate-matching and soft buffer operation. Note that the outcome of min(MDL_HARQ, Mlimit) operation is different between a TDD SCell in FDD-TDD CA and a single TDD cell only for UL/DL configuration 0, 1 or 6. To simplify testing efforts, UL/DL configuration 1 can be used as most TDD tests. Therefore performance of TDD SCell could be different from the single TDD cell but conclusion can’t be drawn without thorough investigation. It is also noted that self-scheduling and cross-carrier scheduling do not differ in terms of HARQ processing in this case.
Proposal 3: For FDD PCell and TDD SCell, study the performance difference between the TDD SCell and a single TDD cell with UL/DL configuration 1.
If PCell is a TDD carrier and SCell is a FDD carrier, the situation is quite different. Although the maximum HARQ process number of the FDD SCell is very different from a single carrier FDD cell, the rate-matching process and soft buffer management are not affected because min(MDL_HARQ, Mlimit) gives the same value of 8. However there are several reasons that the FDD SCell can have difference performance than a single FDD carrier. First, the FDD SCell has new HARQ timing similar but not exactly the same as the TDD HARQ timing as shown in Table 1. From the demodulation performance evaluation RAN4 carried out before, FDD and TDD usually have slightly different demodulation difference even with the same PDSCH configuration. The difference can be caused by different HARQ timing and HARQ process numbers. Therefore when a FDD CC adopts TDD like HARQ timing, it can be expected that the demodulation performance can be somewhat different than a single FDD carrier. However the exact performance difference would require further investigation for a particular UL/DL configuration considered in the TDD PCell.
Proposal 4: For TDD PCell and FDD SCell with self-scheduling, study the performance difference between the FDD SCell and a single FDD cell with UL/DL configuration 1 for the TDD PCell.
Second, if cross-carrier scheduling is used, HARQ timing of the FDD SCell becomes identical to the HARQ timing of the TDD PCell. Additionally the peak throughput of the FDD SCell also becomes similar to the peak throughput of the TDD PCell. Therefore the demodulation performance of the FDD SCell should be very close to the performance of the TDD PCell. However the maximum HARQ process of FDD PCell is changed based on Table 2. Therefore it also requires some study to confirm whether the performance of a FDD SCell can be verified by a single FDD cell.
Proposal 5: For TDD PCell and FDD SCell with cross-carrier scheduling, study the performance difference between the FDD SCell and a single FDD cell with PDSCH allocation in subframes corresponding to DL and special subframes of the TDD PCell. 
3.2
Soft buffer tests

It is apparent from the above discussions that FDD-TDD CA requires new soft buffer tests because the changes on the SCell maximum HARQ process number affect how UE performs soft buffer division. From this perspective, it is more important to have a test with FDD PCell and TDD SCell because min(MDL_HARQ, Mlimit) can be different between TDD SCell and a single TDD cell. For TDD PCell and FDD SCell, min(MDL_HARQ, Mlimit)=8 which is the same as the case with single FDD cell.

Proposal 6: For FDD-TDD soft buffer tests, introduce only tests with a FDD PCell of 10 MHz and a TDD SCells of 20 Mhz for the moment. Category 3 and 4 UEs should be tested against different test cases respectively.
3.3
Sustained data rate tests

It is necessary to define new sustained data rate tests for FDD-TDD CA. To reduce the number of test cases, it is also our recommendation to use FDD PCell in these tests. According to Table 3, the following bandwidth combinations are needed to cover FDD-TDD 2 CA and 3 CA cases.
Table 4: Summary of bandwidth combinations of FDD-TDD CA
	Aggregated bandwidth (Mhz)
	30
	35
	40 
	55
	60

	2 CA bandwidth combinations
	10+20
	15+20
	20+20
	
	

	3 CA bandwidth combinations
	
	
	
	15+20+20
	20+20+20


For the sake of discussion, we follow the structure similar to current SDR tests and identify two tables, one to define test cases and one to specify test points for different UE categories and bandwidth combinations. The fixed reference channels defined for existing SDR tests can be reused to generate new FDD-TDD SDR tests. Additionally we also think 3 DL CA SDR tests should be tested against UE category of 6 or higher [2]. We can therefore obtain the following SDR test cases for FDD-TDD CA.
Table 5: New SDR tests for FDD-TDD CA
	Test
	Bandwidth Combinations

(FDD BW + TDD BW)
	Measurement Channels

(FDD FRC, TDD FRC)
	Transport Block Size

(FDD TBS, TDD TBS)

	1
	10+10
	R.31-2 FDD, R.31-2TDD
	25456, 25456

	1A
	10+10
	R.31-3A FDD, ?
	36696, 36696

	2
	10+20
	R.31-3A FDD, R.31-4TDD
	36696, 75376

	3
	15+20
	R.31-5 FDD, R.31-4 TDD
	55056, 75376

	4
	20+20
	R.31-4 FDD, R.31-4 TDD
	75376, 75376

	5
	15+20+20
	R.31-5 FDD, R.31-4 TDD
	55056, 75376

	6
	20+20+20
	R.31-4 FDD, R.31-4 TDD
	75376, 75376


The question mark indicates that a new TDD FRC may be required for testing Category 4 UE supporting FDD-TDD CA. The following table specifies our views on test points for different UE categories and bandwidth combinations.
Table 6: Test points for FDD-TDD CA SDR
	Maximum supported Bandwidth/ Bandwidth Combination
	Category 3
	Category 4
	 Category 6/7
	Category 9/10

	10+20
	1
	1A
	2
	2

	15+20
	1
	1A
	3
	3

	20+20
	1
	1A
	4
	4

	15+20+20
	N/A
	N/A
	Fallback to 4
	5

	20+20+20
	N/A
	N/A
	Fallback to 4
	6


Proposal 7: A new set of sustained data rate tests should be introduced for FDD-TDD CA with FDD PCell. Reference measurement channels of existing FDD and TDD SDR tests can be reused with possible addition of new reference measurement channels.
3.4
Power imbalance test

Power imbalance tests are designed to verify UE’s image rejection capability for intra-band contiguous CA. Since FDD and TDD bands are always different, there is no need to design new power imbalance tests for FDD-TDD CA. Some FDD-TDD CA configurations may include two contiguous TDD carriers. In this case, the TDD power imbalance test can be used to verify a fallback mode for FDD-TDD CA with two contiguous TDD carriers.
Proposal 8: There is no need to introduce a new power imbalance test for FDD-TDD CA.
4
Conclusion

In this contribution we provide our views on how to verify FDD-TDD CA demodulation performance. Our proposals are summarized in the following.
Proposal 1: For FDD-TDD CA demodulation tests, use 10 Mhz FDD and 20 MHz TDD as the baseline bandwidth combination.
Proposal 2: PCell performance can be verified with a single FDD or TDD cell with either self-scheduling or cross-carrier scheduling.
Proposal 3: For FDD PCell and TDD SCell, study the performance difference between the TDD SCell and a single TDD cell with UL/DL configuration 1.
Proposal 4: For TDD PCell and FDD SCell with self-scheduling, study the performance difference between the FDD SCell and a single FDD cell with UL/DL configuration 1 for the TDD PCell.
Proposal 5: For TDD PCell and FDD SCell with cross-carrier scheduling, study the performance difference between the FDD SCell and a single FDD cell with PDSCH allocation in subframes corresponding to DL and special subframes of the TDD PCell. 
Proposal 6: For FDD-TDD soft buffer tests, introduce only tests with a FDD PCell of 10 MHz and a TDD SCells of 20 Mhz for the moment. Category 3 and 4 UEs should be tested against different test cases respectively.
Proposal 7: A new set of sustained data rate tests should be introduced for FDD-TDD CA with FDD PCell. Reference measurement channels of existing FDD and TDD SDR tests can be reused with possible addition of new reference measurement channels.
Proposal 8: There is no need to introduce a new power imbalance test for FDD-TDD CA.
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