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1. Introduction
In RAN4 #72, there were further discussion to define performance requirements for TDD-FDD CA and WF in [1] was agreed. 

· 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.
In this contribution, we provide our view on pending issues for test case design and propose test framework for TDD-FDD CA. 
2. Normal demodulation test
For normal demodulation test, it would be desirable to define performance requirements of TDD-FDD CA in terms of single carrier performance. In order to achieve that, we should come up with test configuration that can guarantee that demodulation performance in TDD-FDD CA is equivalent to single carrier performance. Main challenge to this question is coming from the fact that HARQ procedure in terms of HARQ timeline, HARQ ACK/NACK feedback and maximum number of HARQ processes are changed in TDD-FDD CA relative to standalone FDD and TDD operation as elaborated in [2-4]. Here, we analyse the effect of HARQ changes and provide our recommendation to resolve the issues. In order to narrow down the scope of analysis, we will assume following. 
· PUCCH is transmitted only in Pcell. This is valid assumption since only 2 DL + 1 UL CA is considered in Rel-12 TDD-FDD CA. 

· Self scheduling is used in both Pcell and Scell. It is recommended to exclude cross-carrier scheduling since self scheduling is more widely deployed and all existing CA tests are also defined with self scheduling. 
· For TDD, UL-DL configuration 1 is used since most of PDSCH demodulation test for TDD is defined with UL-DL configuration 1. 
2.1. Maximum number of HARQ processes

Maximum number of HARQ processes has direct impact on soft buffer management and rate matching operation. Table 1 summarizes number of HARQ processes for different CA configuration.
For TDD-FDD CA with TDD Pcell, maximum number of HARQ processes are same for TDD cell but different for FDD cell between TDD-FDD CA and FDD-only or TDD-only CA. However, determination of rate matching buffer size is determined by 
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. Thus, buffer size for limited buffer rate matching (LBRM) is same also for FDD cell. 
For TDD-FDD CA with FDD Pcell, maximum number of HARQ processes are same for FDD cell but different for TDD cell between TDD-FDD CA and FDD-only or TDD-only CA. For TDD cell, maximum number of HARQ processes is 7 for TDD-only CA but is 8 for TDD-FDD CA with FDD Pcell. 
Table 2 summarizes rate matching buffer size for existing TDD CA demodulation tests with cat 6 UE. Since TDD CA tests are applicable to UE category 5 and beyond, we investigated soft buffer size for cat 6 UE. It can be seen that rate matching buffer size is much bigger than coded bits for given FRC and thus there is no impact on rate matching for both 
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Observation 1. Change in number of HARQ processes with TDD-FDD CA has no impact on rate matching operation for existing 2 CC TDD CA demodulation tests. 
Table 1. Maximum number of HARQ processes

	
	FDD cell
	TDD cell

	FDD CA
	8
	N/A

	TDD CA
	N/A
	7

	TDD-FDD CA with FDD Pcell
	8
	8

	TDD-FDD CA with TDD Pcell
	11 (8)
	7


Table 2. Rate matching buffer size for existing TDD CA demodulation tests. 
	Test case
	FRC
	UE cat
	TBS
	Kw
	N_IR/C with 
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	TM1
	R.42 TDD
	6
	8760
	13632
	130505
	114192

	TM3
	R.30-1 TDD
	6
	25456
	15360
	52202
	45676

	TM4
	R.43 TDD
	6
	25456
	15360
	52202
	45676


2.2. HARQ ACK/NACK feedback

HARQ ACK/NACK feedback requirement for Pcell in TDD-FDD CA is same as FDD-only or TDD-only CA. For TDD Scell in TDD-FDD CA with FDD Pcell, there are more UL SFs available for PUCCH than DL SFs. Therefore, there would be no HARQ ACK/NACK bandwidth issue. In [2][4], there were some analysis on the HARQ ACK/NACK feedback limitation for FDD Scell in TDD-FDD CA with TDD Pcell. Since PDSCH can be scheduled in all FDD SFs while only limited UL SFs are available for HARQ ACK/NACK feedback, ACK/NACK bits from multiple SFs need to be transmitted in one PUCCH. Even with PUCCH format 3 that can accommodate up to 20 ACK/NACK bits, there are some corner cases wherein all ACK/NACK bits cannot be independently delivered to eNB. One way to avoid ACK/NACK bandwidth problem is not to schedule PDSCH in all DL SFs but on only SF 1, 6, 4 and 9. Then, each UL SF in TDD Pcell needs to carry HARQ ACK/NACK bits for only one DL SF of FDD Scell and thus number of ACK/NACK bits that needs be carried on PUCCH would be same as existing TDD CA demodulation tests. 
Proposal 1. In TDD-FDD CA with TDD Pcell, schedule PDSCH only in SF 1, 6, 4, and 9 in FDD Scell. 
2.3. HARQ retransmission timeline
HARQ retransmission timeline for Pcell in TDD-FDD CA is same as FDD-only or TDD-only CA. For TDD Scell in TDD-FDD CA with FDD Pcell, HARQ timeline of TDD Scell should follow FDD HARQ timeline. If we use same FRC as existing TDD CA tests, i.e., PDSCH is scheduled only in SF 1, 4, 6 and 9, HARQ retransmission timeline would be same between TDD-FDD CA and TDD-only CA even though ACK/NACK timing is different as shown in Figure 1. Note that retransmission for PDSCH transmitted in normal (special) SF is done in normal (special) SF. TDD Scell performance of TDD TDD-FDD CA with FDD Pcell and TDD-only CA would be same for TDD Scell and thus we can reuse single cell performance requirement of TDD CA. 
Observation 2. For TDD Scell in TDD-FDD CA with FDD Pcell, HARQ retransmission timeline is same as TDD-only CA if PDSCH is scheduled only in SF 1, 4, 6 and 9. 
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Figure 1. HARQ retransmission timeline for TDD-FDD CA with FDD Pcell
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Figure 2. HARQ retransmission timeline for TDD-FDD CA with TDD Pcell

Proposal 2. In TDD-FDD CA with FDD Pcell, schedule PDSCH only in SF 1, 6, 4, and 9 in TDD Scell. 

Figure 2 shows HARQ retransmission timeline for FDD Scell in TDD-FDD CA with TDD Pcell when PDSCH is scheduled only in SF 1, 4, 6 and 9. It can be observed that HARQ retransmission timeline of FDD Scell for TDD-FDD CA is different from that of FDD-only CA. Due to difference in HARQ timeline and PDSCH scheduling pattern, we cannot reuse FDD CA performance requirement. Thus, it would be desirable to define a new single cell performance requirements for FDD Scell in TDD-FDD CA with TDD Pcell. 
Proposal 3. Define a new single cell performance requirements for FDD Scell in TDD-FDD CA with TDD Pcell. Performance requirement should be defined based on PDSCH scheduling on SF 1, 4, 6 and 9 and FDD Scell HARQ retransmission timeline for TDD-FDD CA with TDD Pcell. 
Table 3 summarizes proposed test set up for normal demodulation test. Table 4 lists new FDD FRCs applicable to FDD Scell in TDD-FDD CA with TDD Pcell. Figure 3 shows simulation results for FDD Scell for FRCs defined in table 4. In the simulation, we compared performance of FDD SCell in TDD-FDD CA and FDD cell in FDD CA set up. SF for PDSCH scheduling and MCS is same but different HARQ retransmission timeline is applied. It can be seen that there is small performance difference due to HARQ retransmission timeline but it is less than 0.2dB. 
3. CQI test

For CQI test, we can reuse same test methodology of existing CA CQI test. CA CQI tests are defined in 9.6.1 of 36.101 and checks whether UE performs independent CQI measurement and reporting on Pcell and Scell. Test metric is defined as wideband CQIPcell – wideband CQIScell ≥ 2 when Pcell is configured with CINR 10dB and Scell is configured with CINR 4dB. In RAN4 #72, there were discussion regarding how CA CQI method can be made scalable to support up to 5 CC in the future and 3 proposals are captured in [5]. Among these options, we prefer option 3 wherein different phases are defined with different CINR configuration and phases are rotated during the course of the test. 
Proposal 3. For CQI test, adopt option 3 in [5]. 

Table 3. Proposed normal demodulation test set up for TDD-FDD CA

	
	TDD-FDD CA with FDD Pcell
	TDD-FDD CA with TDD Pcell

	
	FDD Pcell
	TDD Scell
	TDD Pcell
	FDD Scell

	FRC
	Reuse existing FDD FRCs
	Reuse existing TDD FRCs
	Reuse existing TDD FRCs
	Use new FRCs in table 4

	Performance requirement
	Reuse single carrier performance for FDD CA
	Reuse single carrier performance for TDD CA
	Reuse single carrier performance for TDD CA
	Run simulation for new FDD FRCs 


Table 4. Normal demodulation tests FRCs for FDD Scell in TDD-FDD CA with TDD Pcell

	Parameter
	Unit
	Value

	Reference channel
	
	R.2-xx FDD
	R.42-xx

FDD
	R.11-xx FDD
	R.11-yy FDD
	R.30-xx FDD
	R.14-xx FDD
	R.14-yy FDD

	Channel bandwidth
	MHz
	10
	20
	10
	5
	20
	10
	20

	Allocated resource blocks (Note 4)
	
	50
	100
	50
	25
	100
	50
	100

	Allocated subframes per Radio Frame
	
	4
	4
	4
	4
	4
	4
	4

	Modulation
	
	QPSK
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Target Coding Rate
	
	1/3
	1/3
	1/2
	1/2
	1/2
	1/2
	1/2

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	4392
	8760
	12960
	5736
	25456
	12960
	25456

	  For Sub-Frame 2,3,5,6,8
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	
	1
	2
	3
	1
	5
	3
	5

	  For Sub-Frame 2,3,5,6,8
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	13800
	27600
	26400
	12000
	52800
	25600
	51200

	  For Sub-Frame 2,3,5,6,8
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Max. Throughput averaged over 1 frame

(Note 4)
	Mbps
	1.757
	3.504
	5.184
	2.294
	10.182
	5.184
	10.182

	UE Category
	
	≥ 1
	≥ 1
	
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 4: 
Given per component carrier per codeword.
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Figure 3. PDSCH throughput performance of FDD Scell in TDD-FDD CA with TDD PCell
4. Soft buffer management test

Since TDD-FDD CA is introduced in Rel-12, we need to see if there is market need for cat 3 or cat 4 UE in Rel-12. In case such need is identified, we can define soft buffer management test. Soft buffer management test is well defined for 2 DL CA for both FDD and TDD and we would be able to pretty much reuse existing FRCs and performance requirements.
Proposal 4. Defer introduction of TDD-FDD CA soft buffer management test for cat 3 and 4 UE until market needs for such UE are identified. 

5. Sustained data rate test
Since HARQ timeline is not changed for Pcell in TDD-FDD CA, we can reuse FRCs and performance requirements of existing sustained data rate test for FDD and TDD CA. For TDD Scell with FDD Pcell, we can also reuse existing FRCs and performance requirements of existing sustained data rate test for TDD CA. For FDD Scell in TDD-FDD CA with TDD Pcell, we can follow same methodology as TDD CA. 
· When code rate is lower than 0.8, schedule PDSCH in every SF with HARQ ACK/NACK bundling. We can reuse FRCs R.31-1 FDD, R.31-2 FDD and R.31-3 FDD. 
· When code rate is higher than 0.8, schedule PDSCH only in SF 1, 4, 6 and 9 with PUCCH format 1b with channel for HARQ ACK/NACK feedback. Same TB success rate can be applied since PDSCH code rate in scheduled SFs are same. 
Table 5 summarizes proposed sustained data rate test set up for TDD-FDD CA. Table 6 lists FRCs for FDD Scell with PDSCH scheduling only on SF 1, 4, 6 and 9. 

Table 5. Proposed sustained data rate test set up for TDD-FDD CA

	
	TDD-FDD CA with FDD Pcell
	TDD-FDD CA with TDD Pcell

	
	FDD Pcell
	TDD Scell
	TDD Pcell
	FDD Scell

	FRC
	Reuse existing FDD FRCs
	Reuse existing TDD FRCs
	Reuse existing TDD FRCs
	Use new FRCs in table 6

	Performance requirement
	Reuse single carrier performance for FDD CA
	Reuse single carrier performance for TDD CA
	Reuse single carrier performance for TDD CA
	Reuse single carrier performance for FDD CA


Table 6. Sustained data rate tests FRCs for FDD Scell in TDD-FDD CA with TDD Pcell

	Parameter
	Unit
	Value

	Reference channel
	
	R.31-6A FDD
	R.31-6B FDD
	R.31-6C FDD
	R.31-6D FDD
	
	
	

	Channel bandwidth
	MHz
	10
	15
	20
	15
	
	
	

	Allocated resource blocks (Note 4)
	
	50
	75
	100
	75
	
	
	

	Allocated subframes per Radio Frame
	
	4
	4
	4
	4
	
	
	

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	
	
	

	Coding Rate
	
	0.85
	0.87
	0.88
	0.85
	
	
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	36696
	51024
	75376
	55056
	
	
	

	  For Sub-Frame 2,3,5,6,8
	Bits
	N/A
	N/A
	N/A
	N/A
	
	
	

	  For Sub-Frame 0
	Bits
	N/A
	N/A
	N/A
	N/A
	
	
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	
	6
	9
	13
	9
	
	
	

	  For Sub-Frame 2,3,5,6,8
	
	N/A
	N/A
	N/A
	N/A
	
	
	

	  For Sub-Frame 0
	
	N/A
	N/A
	N/A
	N/A
	
	
	

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	43200
	58752
	86400
	64800
	
	
	

	  For Sub-Frame 2,3,5,6,8
	Bits
	N/A
	N/A
	N/A
	N/A
	
	
	

	  For Sub-Frame 0
	Bits
	N/A
	N/A
	N/A
	N/A
	
	
	

	Max. Throughput averaged over 1 frame

(Note 4)
	Mbps
	14.678
	20.410
	30.150
	22.022
	
	
	

	UE Category
	
	≥ 1
	≥ 1
	
	
	
	
	

	Note 1:
1 symbol allocated to PDCCH for all tests.
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit). 


6. Conclusion 

In this contribution, we provided our view on TDD-FDD CA performance requirements. According to our analyses, our observations and proposals are as following. 
Observation 1. Change in number of HARQ processes with TDD-FDD CA has no impact on rate matching operation for existing 2 CC TDD CA demodulation tests. 

Observation 2. For TDD Scell in TDD-FDD CA with FDD Pcell, HARQ retransmission timeline is same as TDD-only CA if PDSCH is scheduled only in SF 1, 4, 6 and 9. 

Proposal 1. In TDD-FDD CA with TDD Pcell, schedule PDSCH only in SF 1, 6, 4, and 9 in FDD Scell. 

Proposal 2. In TDD-FDD CA with FDD Pcell, schedule PDSCH only in SF 1, 6, 4, and 9 in TDD Scell. 

Proposal 3. For CQI test, adopt option 3 in [5]. 

Proposal 4. Defer introduction of TDD-FDD CA soft buffer management test for cat 3 and 4 UE until market needs for such UE are identified. 

Proposal 5. Follow proposals in table 3 and 5 for normal demodulation test and sustained data rate test. 
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