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1. Introduction
As RAN1 finalizes specification of TDD-FDD CA [1], RAN4 is expected to investigate how to define corresponding performance requirements. In RAN4 #71, there was initial discussion on how to start RAN4 work [2][3] but no agreement was reached. In this contribution, we provide our view on how to define performance requirements for TDD-FDD CA. 
2. Specification analysis
According to RAN1 discussion, following CA scenarios are supported for TDD-FDD CA in Rel-12.
· Collocated CA or non-collocated CA with ideal backhaul

· Synchronized Pcell and Scell with up to 5 CC (component carriers)

· TDD-FDD CA UE should support DL CA. TDD-FDD CA UE may or may not support TDD-FDD UL CA. 
· Assume simultaneous Rx/Tx, i.e., full duplex, capability of TDD-FDD CA UE
· Assume same UL-DL configuration among CCs within same band. 

With PUCCH transmission on only Pcell and self scheduling on Scell, following was agreed for DL HARQ timing. 
· DL HARQ timing of TDD Scell with FDD Pcell follows FDD HARQ timing, i.e., HARQ ACK/NACK for PDSCH in SF n is transmitted in SF n+4. 8 HARQ processes are assumed for rate matching for TDD Scell irrespective of UL-DL configuration. 
· New table for DL HARQ timing is defined for FDD Scell with TDD Pcell [1]. 
Also, new physical layer procedures are defined in following areas to enable TDD-FDD CA operation. 
· New DCI format for different Pcell and Scell combination and for self and cross-carrier scheduling
· Encoding for PUCCH format 1b with channel selection
· Periodic CSI reporting period
· Multiple timing advance group (TAG)

Observation 1. RAN1 specification changes for TDD-FDD CA are limited to physical layer procedures and do not seem to have any direct implication on UE performance. 
Another RAN1 decision to be noted is that separate UE capabilities are defined for TDD-FDD CA with FDD Pcell and TDD-FDD CA with TDD Pcell. This implies that there may be a UE that supports only TDD-FDD CA with FDD Pcell, only TDD-FDD CA with TDD Pcell or TDD-FDD CA with both FDD and TDD Pcell. Therefore, performance requirements should be defined for both FDD Pcell and TDD Pcell case. 
Proposal 1. Define performance requirements for TDD-FDD CA for both FDD Pcell and TDD Pcell. 
3. General assumption
In [2], several high level proposals were made regarding general framework for TDD-FDD CA performance requirements. We provide our view on high level assumption for TDD-FDD CA performance requirements definition. 

3.1. Simultaneous UL/DL transmission - full duplex mode

RAN1 assumed full duplex mode UE for TDD-FDD CA in Rel-12. Thus, we can assume same in RAN4 specification. 
3.2. Cross carrier scheduling
According to RAN1 specification, there is difference in HARQ timing and DCI format depending on whether PDSCH is scheduled via self scheduling or cross-carrier scheduling. However, specification of performance requirements is not targeted to verify all aspects of UE physical layer procedure. Considering that self scheduling was used in all existing CA performance tests, it would be desirable to assume self scheduling also for TDD-FDD CA performance tests. 
3.3. FDD Pcell and TDD Pcell

Since separate UE capabilities will be defined for FDD Pcell and TDD Pcell, we should define tests for both FDD Pcell and TDD Pcell. In [2], it was proposed to prioritize work on specification of FDD Pcell case. However, it would be desirable to define tests for FDD Pcell and TDD Pcell simultaneously since introduction of TDD-FDD CA configuration does not imply anything about duplex mode in Pcell. Also, for normal demodulation tests for TM1, TM3 and TM4, we prefer taking per-CC performance approach to minimize specification work. 
One potential issue with TDD Pcell case is HARQ ACK/NACK bandwidth when PDSCH is scheduled in every DL subframe. When UL-DL configuration 1 is used in TDD Pcell, ACK/NACK for 3 subframes needs to be transmitted in one UL SF for FDD Scell according to new HARQ timing table, which might cause insufficient ACK/NACK bandwidth. Table 1 shows number of HARQ ACK/NACK bits for TDD Pcell case with different Scell configuration. It can be observed that for TDD Pcell + 4 FDD Scells and TDD Pcell + 1 TDD Scell + 3 FDD Scells, ACK/NACK bits in SF 3/8 is larger than 20 and thus spatial bundling will be applied. 
Observation 2. For TDD Pcell case, there can be spatial bundling of ACK/NACK bits for 5 CCs with 3 or 4 FDD SCells. 
Since TDD-FDD CA with 5 CCs is not on the horizon yet, we would like to propose to define TDD-FDD CA performance requirements using per-CC performance without spatial bundling of ACK/NACK bits. When TDD-FDD CA with 5 CCs is defined in the future, we would be able to address this case.
Table 1. Number of HARQ ACK/NACK bits for TDD Pcell with UL-DL configuration 1

	CA configuration
	ACK/NACK bits in SF 2/7
	ACK/NACK bits in SF 3/8

	TDD Pcell + 1 FDD Scell
	4
	8

	TDD Pcell + 2 FDD Scells
	6
	14

	TDD Pcell + 3 FDD Scells
	8
	20

	TDD Pcell + 4 FDD Scells
	10
	26

	TDD Pcell + 1 TDD Scell + 1 FDD Scell
	6
	10

	TDD Pcell + 1 TDD Scell + 2 FDD Scells
	8
	16

	TDD Pcell + 1 TDD Scell + 3 FDD Scells
	10
	22

	TDD Pcell + 2 TDD Scell + 1 FDD Scell
	8
	12

	TDD Pcell + 2 TDD Scell + 2 FDD Scells
	10
	18


Proposal 2. Define performance requirements of FDD Pcell and TDD Pcell simultaneously. Same test setup can be used for both FDD Pcell and TDD Pcell by careful selection of PUCCH and PUSCH configuration in the test. 
Proposal 3. For normal demodulation test for TM1, TM3 and TM4, define performance requirements in terms of per-CC performance without spatial bundling of HARQ ACK/NACK bits. 

4. Test case analyses
4.1. Normal demodulation test (TM1, TM3, TM4)
For CA performance requirements, FRC tests are defined for TM1, TM3 and TM4. We would like to propose to replicate all FRC tests for TDD-FDD CA to guarantee same test coverage as FDD and TDD CA. Also, to avoid repetitive specification work with introduction of new bandwidth combinations, we prefer taking per-CC performance approach that has been discussed in several previous RAN4 meetings. Since similar approach is also being proposed for 3 DL CA, it would be desirable to reuse the outcome of 3 DL CA to TDD-FDD CA. 
Proposal 4. Replicate all existing CA FRC tests for TDD-FDD CA. 

4.2. Soft buffer management test
Soft buffer management tests for cat 3 and cat 4 UE are defined for 2 DL CA. It is doubtful that Rel-12 UE with TDD-FDD CA will be commercialized with cat 3 or cat 4 capabilities. Thus, we would like to propose not to define soft buffer management test for 2 DL CA in initial specification of TDD-FDD CA performance requirements. In case need for test for such UE is identified later, RAN4 would be able to define test. Since soft buffer management test is already defined in terms of per-CC performance, it would be straightforward to replicate for TDD-FDD CA. For 3 DL CA, we provided analyses for the need for soft buffer management test in [5] and concluded that there is no need for soft buffer management test for 3 DL CA. 
Proposal 5. Don’t introduce soft buffer management test for 2 DL CA and 3 DL CA. 

4.3. Power imbalance test
Power imbalance test is defined to verify RF image rejection performance of intraband contiguous CA UE with single receiver chain implementation. Since all example CA configuration for TDD-FDD CA with 2 DL CCs are defined as inter-band CA, there is no need for power imbalance test for TDD-FDD CA. Also, note that RAN1 assumed same UL-DL configuration between CCs within same band. Therefore, aggregation of TDD CC and FDD CC as intraband contiguous CCs can be precluded and thus there is no need to define power imbalance test with TDD and FDD CC. Since, as we proposed in [5], power imbalance test for 2 DL CA can be reused to verify RF image rejection performance for 3 DL CA or beyond, there is no need to define new power imbalance test for 3 or more CCs.
Proposal 6. Reuse power imbalance tests for 2 DL CC for TDD-FDD CA with 3 or more component CCs. 

4.4. Sustained data rate test
For 2 DL CA, we can define sustained data rate test by reusing FRC and TB success rate of existing FDD and TDD sustained data rate test. Note that we should define tests for different bandwidth combinations to guarantee same test coverage. For 3 DL CA, we have a proposal in [5] to define 3 DL sustained data rate tests only for bandwidth combinations with aggregated bandwidth equal to or larger than 40MHz. We would be able to reuse the outcome of 3 DL sustained data rate test specification for TDD-FDD CA. 
Proposal 7. Replicate 2 DL CA sustained data rate test by reusing FRC and TB success rate of existing FDD and TDD sustained data rate test. For 3 DL CA, reuse outcome of 3 DL CA sustained data rate test specification. 
4.5. CQI test
For 2 DL CA, we can define CQI test by test setup of existing FDD and TDD CQI test. For 3 DL CA, we have a proposal in [5] for 3 DL CQI test and it can be reused also for TDD-FDD CA. 

Proposal 8. Replicate 2 DL CA CQI test by reusing test setup for existing FDD and TDD CQI test. For 3 DL CA, reuse outcome of 3 DL CQI test specification. 

5. 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. RAN1 specification changes for TDD-FDD CA are limited to physical layer procedures and do not seem to have any direct implication on UE performance. 

Observation 2. For TDD Pcell case, there can be spatial bundling of ACK/NACK bits for 5 CCs with 3 or 4 FDD SCells. 

Proposal 1. Define performance requirements for TDD-FDD CA for both FDD Pcell and TDD Pcell. 

Proposal 2. Define performance requirements of FDD Pcell and TDD Pcell simultaneously. Same test setup can be used for both FDD Pcell and TDD Pcell by careful selection of PUCCH and PUSCH configuration in the test. 

Proposal 3. For normal demodulation test for TM1, TM3 and TM4, define performance requirements in terms of per-CC performance without spatial bundling of HARQ ACK/NACK bits. 

Proposal 4. Replicate all existing CA FRC tests for TDD-FDD CA. 

Proposal 5. Don’t introduce soft buffer management test for 2 DL CA and 3 DL CA. 

Proposal 6. Reuse power imbalance tests for 2 DL CC for TDD-FDD CA with 3 or more component CCs. 

Proposal 7. Replicate 2 DL CA sustained data rate test by reusing FRC and TB success rate of existing FDD and TDD sustained data rate test. For 3 DL CA, reuse outcome of 3 DL sustained data rate test specification. 

Proposal 8. Replicate 2 DL CA CQI test by reusing test setup for existing FDD and TDD CQI test. For 3 DL CA, reuse outcome of 3 DL CQI test specification. 
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