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1 Introduction

In previous RAN1 meeting there has been agreements on the HARQ timing design in case of FDD being the Pcell. There will in addition be discussion on how the define the HARQ timing for the case of TDD Pcell case, our view on this topic is provided in this contribution. 

2 DL HARQ-ACK timings for the self-scheduling case

In the case of TDD as PCell, the DL HARQ-ACK of the SCell should follow the timing determined by a DL-reference configuration. Two main types of the DL-reference configuration have been discussed on RAN1 email reflector.

Option 2 The DL-reference configuration for the FDD SCell can be configured by the network to be one of the existing TDD UL/DL configurations.

Option 1 The DL-reference configuration for the FDD SCell is determined by the SIB1 UL/DL configuration of the TDD PCell. The DL-reference configurations under this option are not the same as any of the existing TDD UL/DL configurations.

In the following, we provide analysis and our views on the different options under each of these two main option categories.

2.1 Option 2 options

Under option 2, the FDD SCell is configured by the network to follow HARQ-ACK timings based on a DL-reference configuration, which is selected from the existing TDD UL/DL configurations. An example of TDD configuration #1 PCell and FDD SCell is illustrated in Figure 1, where the FDD SCell follows the DL HARQ-ACK timing determined by the DL-reference configuration #2. There are eight SCell DL subframes with HARQ-ACK feedback timing.
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Figure 1 DL HARQ-ACK timing illustration of TDD configuration #1 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined by DL-reference configuration #2.

More specifically, a first solution candidate under this category is to allow the configurable DL-reference configurations to be those with compatible UL subframes with the PCell:

· Option 2c-B

	TDD PCell UL-DL configuration
	Allowed reference configuration for FDD-SCell

	0
	{0, 1, 2, 3, 4, 5, 6}

	1
	{1, 2, 4, 5}

	2
	{2, 5}

	3
	{3, 4, 5}

	4
	{4, 5}

	5
	{5}

	6
	{1, 2, 3, 4, 5, 6}


On the Reflector discussion, it was quickly identified by several companies that this approach will introduce substantial implementation, testing and IoT costs without clear benefits of the full configuration flexibility. It is necessary to down sample the allowed reference configurations to those that bring actual functionalities and benefits. Two such attempts were discussed on the reflector:

· Option 2c-B1

	TDD PCell UL-DL configuration
	Allowed reference configuration for FDD-SCell

	0
	{2, 4, 5}

	1
	{2, 4, 5}

	2
	{2, 5}

	3
	{4, 5}

	4
	{4, 5}

	5
	{5}

	6
	{2, 4, 5}


· Option 2c-B2

The two options of 2 and 4 for configuration #0/1/6 TDD PCell cases are further down sampled by one.

Our evaluation of the different solution proposals is to balance the benefits and the costs. We do not see there is no meaningful difference between timing reference configuration 2 or 4 for the configuration #0/1/6 TDD PCell cases. We believe timing reference configuration 2 can serve well as the FDD SCell DL-reference configuration for configuration #0/1/2/6 PCell cases. Therefore, Option 2c-B2 could be defined as

	TDD PCell UL-DL configuration
	Allowed reference configuration for FDD-SCell

	0
	{2, 5}

	1
	{2, 5}

	2
	{2, 5}

	3
	{4, 5}

	4
	{4, 5}

	5
	{5}

	6
	{2, 5}


Furthermore, our evaluation weighs heavily the extra implementation and testing costs against the claimed benefits of 12.5% extra throughput for keeping 5 as one of the allowed reference configurations for all TDD PCell cases other than the #5 TDD PCell. We note that the HARQ-ACK delays are shorter, PUCCH payloads are smaller and retransmission control is tighter (smaller number of HARQ processes) with a DL-reference configuration other than 5. It’s, hence, not entirely clear the claimed 12.5% higher throughput can be realized in the field. 

Therefore, weighing benefits and costs, we believe a good candidate for Rel-12 FDD-TDD CA is given as the following:

· Option 2c-B3

	TDD PCell UL-DL configuration
	DL-reference configuration for FDD SCell

	0
	2

	1
	2

	2
	2

	3
	4

	4
	4

	5
	5

	6
	2


Finally, we would like to comment on one other proposal Option 2c-A1, which is proposing that any of the 7 TDD UL/DL configurations can be configured as a reference configuration for a “virtual” TDD UL/DL configuration. Given the HARQ-ACK timing setting for the FDD SCell can be discussed clearly and simply in the above based on direct DL-reference configuration for the FDD SCell, we failed to see the logic or benefit, if any, of this round-about solution of setting the HARQ-ACK timings for the FDD SCell. 

· Option 2c-A1

Any of 7 U/D configurations is RRC configured to FDD SCell as a “nominal” U/D configuration. Then, HARQ timing for FDD SCell is derived from the inter-band TDD CA rule.
2.2 Option 1 options

Since every TDD UL/DL configuration contains at least one UL subframe, it can be observed that no DL-reference configuration based on the existing seven TDD UL/DL configurations can enable all FDD SCell DL subframes to have HARQ-ACK feedback timings. It may hence be worth further study whether simple extensions to the DL HARQ-ACK subframe association sets can be devised to enable more usable FDD SCell DL subframes. 

One possible such solution is to complete the existing DL HARQ-ACK subframe association set. 

It is, literally, just filling in the missing numbers as shown in Table 1.

An example of the effectiveness of this approach is illustrated in Figure 5 for the example of TDD configuration #1 PCell and FDD SCell: all ten DL subframes from the FDD SCell have HARQ-ACK timings.
Table 1 Candidate DL-reference configurations based on simple association set completion principle: K* = {kmin, kmin+1, …, kmax}.
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	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
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Figure 2 DL HARQ-ACK timing illustration of TDD configuration #1 PCell and FDD SCell, where the DL HARQ-ACK timing of the SCell is determined a DL-reference configuration #2*.

The simple extension solution does not apply directly to the remaining three TDD UL/DL configurations. Several different variations have been proposed in the Reflector email discussion with several very different design choices and ideas:

	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0A
	
	
	6, [5]
	[5], [4]
	4
	
	
	6, [5]
	[5], [4]
	4

	0B
	
	
	6, [5], [4]
	 
	[5], 4
	
	
	6, [5], [4]
	 
	[5], 4

	1*
	
	
	7, 6, [5]
	[5], 4
	
	
	
	7, 6, [5]
	[5], 4
	

	1**
	
	
	7, 6
	[6], [5], 4
	
	
	
	7, 6
	[6], [5], 4
	

	3a
	
	
	11, [10], 7, 6
	[10], 6, 5
	[10], 5, 4
	
	
	
	
	

	4a
	
	
	12, 11, [10], 8, 7
	[10], 7, 6, 5, 4
	
	
	
	
	
	

	6*
	
	
	[8], 7
	7, [6]
	[6], 5
	
	
	7
	7, [6], [5]
	

	6**
	
	
	7
	7, [6], [5]
	5
	
	
	7, [6], [5], [4]
	7
	


Note that all these association set extensions are different than those for the Rel-11 TDD UL/DL configurations. We have clearly mart them with *, ** or A/B to distinguish them from the Rel-11 TDD UL/DL configurations. All these designs do not follow any simple rules and companies are favoring different combinations of them. Two candidate combinations as shown in the following have been posted in the email discussion. Some companies are OK with either combinations and some other companies have strong opinions on certain specifics of the combinations. 

· Option 1-1

	TDD PCell UL-DL configuration
	Reference configuration for FDD-SCell

	0
	0A

	1
	1**

	2
	2*

	3
	3*

	4
	4*

	5
	5*

	6
	6*


· Option 1-2

	TDD PCell UL-DL configuration
	Reference configuration for FDD-SCell

	0
	0A

	1
	1*

	2
	2*

	3
	3a

	4
	4a

	5
	5*

	6
	6*


Building the on foundation of the analysis and discussion for Option 2 in the last section, we do not see the need to specify HARQ-ACK timing extensions to the UL/DL configurations beyond those that have been deemed beneficial/necessary for Option 2. That is, extending the number of FDD SCell subframes for DL-reference configuration 2/4/5 suffice to provide the full functionality and performance for TDD-FDD CA. From our analysis, defining more HARQ-ACK timing extensions is to bring more implementation and testing costs with questionable realizable performance benefits.

Therefore, weighing benefits and costs, we believe a good candidate for Rel-12 FDD-TDD CA is given as the following:

· Option 1-3
	TDD PCell UL-DL configuration
	Reference configuration for FDD-SCell

	0
	2*

	1
	2*

	2
	2*

	3
	4*

	4
	4*

	5
	5*

	6
	2*


3 Conclusions

We evaluate the different DL-reference configuration solution proposals by weighing benefits against implementation and testing costs. Our conclusion is that a good compromise in terms of performance is option 1-3:

	TDD PCell UL-DL configuration
	Reference configuration for FDD-SCell

	0
	2*

	1
	2*

	2
	2*

	3
	4*

	4
	4*

	5
	5*

	6
	2*
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