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1 Introduction

In previous RAN1 meeting there was extensive discussion about how to define the HARQ timing for the case of TDD Pcell. In the end two different WFs crystalized in [1] and [2]. The first WF had 15 supporters and the second one had 13 supporters. Due to the split views it was not possible to reach consensus on either WF. 

A potential compromise that has been used previously when consensus is hard to reach is to accept both proposals. We do not see that this is a good design approach as such, as it would lead to that both eNB and UEs may need to implement both versions. It would in such situation be better if TDD Pcell is currently not support and the topic is discussed when there is stronger market need, which would lead to more compromise willingness among companies.

In this contribution we provide further analysis on the different approaches outlined and observer were the differences are.

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. 

For the first WF in [1] it is proposed to adopt a new HARQ timing that makes it possible to schedule all the DL subframes on the FDD Scell. At the same time the design is limited to only support PUCCH format 3 in case the HARQ feedback does not fit into PUCCH format 1b with channel selection. This results in that all UL/DL reference configurations wherein M > 4 PF3 is the only support HARQ method for TDD Pcell case. The main benefit with the proposal is that it allows all the DL subframes to be utilized for CA. It further allows the HARQ bits to be spread out in time in a good manner. The last aspect is important as it allows CA to be used also when the UE is seeing worse SINR. It is then important to remember that carrier aggregation is not a feature to merely enlarge the peak rate, but is used to boost the DL data rate throughout the cell area. It is therefore important that PUCCH format that is used does not limit the area wherein CA can be utilized. 

For the second WF in [2] it is proposed that existing DL/UL configurations are reused for DL HARQ timing. The proposal is based on two different setups one for up to 2 DL cells and one above this. In [3] we provided an analysis that is still applicable to this WF. The proposal has the advantage that the existing UL/DL configurations can be reused for the HARQ timing. It can be argued in both ways whether or not this is more complex then proposal in [2]. It is however more clear that for up to 2 DL cell WF in [2] proposes to use the following UL/DL configurations as reference configuration

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

	0
	{5}

	1
	{5}

	2
	{5}

	3
	{5}

	4
	{5}

	5
	{5}

	6
	{5}


It can be observed that the proposed UL/DL configuration to use is UL/DL configuration 5. This has the consequence that the HARQ-ACK delays are longer, PUCCH payloads are larger and retransmission control is large (large number of HARQ processes). Most importantly, as a consequence of the larger PUCCH payload, the effective area wherein the DL CA can be used is limited compared to proposal [1]. Hence, if it is seen beneficial not to construct new DL HARQ timings the better choice would to adopt a DL-reference configuration table not based on configuration 5. It’s, hence, not entirely clear the claimed 12.5% higher throughput can be realized in the field. 

For the design in [2] a more suitable DL-reference configuration would be
	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


This has the obvious drawback that fewer DL subframes can be scheduled compared to proposal [2]. If it is seen that it is too complex to design new HARQ timings for all the UL/DL configurations a potential compromise is then to define this for a limited number of DL/UL configurations. Based on the analysis provided in [3] we see that this could be a very feasible approach. 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 questionably realizable performance benefits.

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

	0
	2*

	1
	2*

	2
	2*

	3
	4*

	4
	4*

	5
	5*

	6
	2*


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
	
	

	4*
	
	
	12, 11, [10], [9], 8, 7
	7, 6, 5, 4
	
	
	
	
	
	

	5*
	
	
	13, 12, 11, [10], 9, 8, 7, 6, 5, 4
	
	
	
	
	
	
	


3 Conclusions

We evaluate the different DL-reference configuration solution proposals by weighing benefits against implementation and testing costs. Based on the analysis we propose that 

· RAN1 either accepts proposal in R1-140958, Or 

· Adopts the following reference configuration for the FDD-SCell case:

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

	0
	2*

	1
	2*

	2
	2*

	3
	4*

	4
	4*

	5
	5*

	6
	2*


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
	
	

	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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