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1 Introduction
In RAN1#75 meeting, both DL and UL HARQ/scheduling timing issues for TDD-FDD CA were discussed based on different scheduling assumption (i.e. self-carrier or cross-carrier scheduling), and following agreements related to the HARQ timing issues were made for some cases in TDD-FDD CA [1].
	Agreements:
· For the case of PUCCH transmission on PCell only:
· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier
· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing Scell timing regardless whether SCell is TDD or FDD
· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing


For remaining HARQ timing issues, as coordinated by Chairman in RAN1#75, the email discussion (i.e. [75-08], [75-09]) was held on the email reflector in order to conclude the remaining cases for the HARQ timing. In this contribution, we would like to discuss the remaining HARQ timing issues on which PDSCH HARQ timing shall be supported for a SCell for both self-scheduling and cross-carrier scheduling cases, and additionally, the possible specification impacts and implementation issues from a candidate solution for the DL HARQ timing will be shown.

2 DL HARQ timing for PDSCH transmitted on SCell
2.1 DL HARQ timing in self-scheduling
With the agreement in last RAN1 meeting for the case where PCell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on SCell in self-scheduling, the remaining HARQ timing issue in self-scheduling is when PCell is TDD carrier and SCell is FDD carrier. For the issue, RAN1 has put two main alternatives on the table now as shown in following:
Option 1) FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· If UL/DL configuration 5 is used, the number of HARQ processes is less than 17

Option 2-c) The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations

· 2-c) The DL reference TDD U/D configuration is configured by higher layers
Based on the option 1, more details of each solution in self-scheduling for TDD-FDD CA have been gathering and discussed during email discussion. The following table 1 has been made including two different DL association set for PCell TDD UL-DL configuration 0A/0B, 1/1*, 3/3a, 4/4a and 6/6* as defined by option 1-1 and 1-2.
· Option 1: New DL HARQ timing:
· Option 1-1) 0A, 1*, 2, 3, 4, 5, 6
· Option 1-2) 0A, 1, 2, 3a, 4a, 5, 6
Table 1. Proposed new DL association set for SCell
[image: image1.emf]UL - DL   Conf.  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   

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

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

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

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

4a    12, 11,  [10],  8, 7  [10],  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]  -  

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

 


Each UL subframe n in PCell TDD may correspond to additional DL subframes in SCell FDD, in order to provide scheduling opportunity to all DL subframes in SCell FDD. More specifically, there are several design aspects of the option 1 regarding how to pick up the proper new DL association elements within each bundling window, which is either option 1-1 or 1-2 in table 1. 
1. Reverse HARQ-ACK reporting order
With certain proposed timing, reverse HARQ-ACK reporting order will occur, which means PDSCH transmission in DL subframe k is scheduled but, its HARQ-ACK feedback is reported later than those of DL subframes that can be for example DL subframe k+1 and so on. For example, when PCell is TDD UL-DL configuration 3 and 4, the alternative 3a and 4a would cause it due to no continuous DL associated subframe values within a bundling window, compared to that of alternative 3 and 4. So, it may be likely that some scheduling complexity (e.g. accumulation of TPC command for PUCCH power control) and PUSCH resource waste from fixed HARQ-ACK bit size with M (not to rely on UL DAI) are existed, but we see that it will not result in significant complexity increase in UE and performance degradation. Thus, same handling methods as in Rel-11 inter-band TDD CA can be directly reused for TDD-FDD CA. Finally, it can be observed that those drawbacks may be justified by well balanced HARQ-ACK distribution among UL subframes in a radio frame.
2. Balanced HARQ-ACK bit distribution among UL subframes

For all DL subframes on SCell FDD, it would be basically preferable to adopt the balanced HARQ-ACK distribution among UL subframes so that PUCCH coverage and power allocation is evenly shared among UL subframes in a radio frame. With consideration of the number of HARQ-ACK in PCell, it is also desired that there is no much difference of the number of HARQ-ACK bits between PCell and SCell in a UL subframe, in order to increase PUCCH reception reliability by avoiding unnecessary DTX insertion which may cause HARQ-ACK state overlapping in channel selection mapping table.
3. Impacts on the M=6 over M=5
Depending on which alternative is selected between 3/4 and 3a/4a for TDD UL-DL configuration 3 or 4 in PCell, bundling window size equal to either 5 or 6 can be provided. Allowing either M=5 or M=6 can directly affect how to perform both the PUCCH format 1b with channel selection and PUCCH format 3. Because for PUCCH format 1b with channel selection, if additional bundling with logical AND operation to match the size of channel selection mapping table up to 4 (e.g. A=4) is performed in case of M>4, then there may be performance difference in case between M=5 and M=6. We think that although its performance difference may not be significant, there would be at least the consideration whether special care is needed to cope with the PDCCH missing with DAI>4 depending on the maximum bundling window size. Finally, if M=5 is only represented by supporting new DL HARQ timing like both 3a and 4a, it may not be important to consider different solutions or scheduling restrictions (e.g. up to DAI=4 within M=6) regarding how PDCCH with DAI>4 missing problem is handled, which means that bundling by logical AND operation is only performed in case of M=5.
For PUCCH format 3, depending on supporting either M=5 or 6, the number of serving cells for TDD-FDD CA is limited due to the maximum size of HARQ-ACK reporting (up to 21bits) by PUCCH format 3. For example, if M=6 within option 1 is supported for TDD-FDD CA, then the maximum number of aggregated serving cells would be limited to three serving cells by the consideration of TDD(4)+FDD(6)+FDD(6) meanwhile, in case of M=5, maximum 4 serving cells can be aggregated for TDD-FDD CA configured with PUCCH format 3 (i.e. TDD(4)+FDD(5)+FDD(5)+FDD(5)). This aspect also needs to be considered for the selecting one among the alternative with M=5 or 6.
Proposal 1: In case of self-scheduling, for option 1, the alternative of option 1 with 3a and 4a is supported. But, the other alternatives can be acceptable for progress.
· Option 2c : RRC configured reference TDD UL-DL configuration
As seen above, the option 2c is to configure one of the 7 existing UL-DL configuration by higher layer signaling for SCell FDD in self-scheduling. Therefore, per each combination of TDD and FDD CA, there will be several possible DL reference UL-DL configurations, thus it will cause additional implementation efforts and test cases different from Rel-11 inter-band TDD CA which only support one DL reference UL-DL configuration per each of the TDD-TDD CA combinations. 

Based on appropriate UL-DL configuration set for TDD-FDD CA, following reduced reference configuration sets (i.e. Set A/B) has been considered in option 2c. It can be argued that there is a trade-off between a flexibility (with Set A) and complexity (with Set B) on the details of option 2c. In our view, it will be beneficial for a network provider to give faster deployment of TDD-FDD CA by applying Set B which provides less complexity and test efforts than Set A.
Table 2. Allowed reference configuration set A and B
	TDD PCell UL-DL configuration
	Allowed reference configuration for FDD-SCell

	
	Set A
	Set B

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

	1
	{1, 2, 4, 5}
	{2, 4, 5}

	2
	{2, 5}
	{2, 5}

	3
	{3, 4, 5}
	{4, 5}

	4
	{4, 5}
	{4, 5}

	5
	{5}
	{5}

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


Proposal 2: In case of self-scheduling, for option 2c, the alternative of option 2c with set B is slightly preferred due to less test complexity, if there is no consensus on the details of option 1 in RAN1. 

2.2 DL HARQ timing in cross-carrier scheduling
In case of cross-carrier scheduling, two alternatives have been proposed as followings:
Alt. DL-A: 

· For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing

Alt. DL-B: 

· For DL cross-carrier scheduling, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing

· except for a cross-carrier scheduled FDD serving cell when the PCell is TDD

· reuse the HARQ timing for self-carrier scheduling on FDD SCell when the TDD is PCell (option 1 or option 2-c)
The main difference between DL-A and DL-B is whether DL-A with Rel-11 principle is supported for TDD-FDD CA. In Rel-11 inter-band TDD CA, similar discussion was held for the case where which DL HARQ timing for the SCell (scheduled cell) shall be applied in case of cross-carrier scheduling, and finally, it was agreed that SCell DL HARQ timing in case of cross-carrier scheduling follows PCell's timing. 
In Rel-12, considering small cell environments under macro coverage applied with the DL-A in case of cross-carrier scheduling, depending on TDD UL-DL configuration and FDD CA combination, PDSCH transmission on some DL subframes in the scheduled cell cannot be scheduled due to the PCell’s timing. However, since it was agreed that cross-subframe scheduling is not supported for Rel-12 TDD-FDD CA in last meeting, the necessity of introducing the DL-B in this case would be reduced in case two serving cells as TDD-FDD CA is configured to a UE. Accordingly, in email discussion [75-09], in the CA scenario where three and more serving cells are configured to a UE, it has been argued that the DL-B provides more DL subframes on a scheduled cell (e.g. FDD SCell) to be scheduled for a TDD-FDD CA UE, and in the future, if the cross-subframe scheduling is supported, higher peak data rate even in only two serving cells can be supported, compared to the DL-A.
In summary, when considering TDD-FDD CA scenario with larger number of configured serving cells in small cell environments together with an introduction of the cross-subframe scheduling in future deployment, it is slightly preferred to apply the DL-B for a commonality between different releases resulting in less implementation complexity for TDD-FDD CA.

Proposal 3: In case of cross-carrier scheduling, it is slightly preferred to support the DL-B.
3 Conclusions

In this contribution, we mainly discuss the PDSCH HARQ timing on SCell in self-scheduling when PCell is TDD and SCell is FDD for TDD-FDD CA. Finally, we would like to propose the followings for further discussion.
Proposal 1: In case of self-scheduling, for option 1, the alternative of option 1 with 3a and 4a is supported. But, the other alternatives can be acceptable to us for progress.
Proposal 2: In case of self-scheduling, for option 2c, the alternative of option 2c with set B is slightly preferred due to less test complexity, if there is no consensus on the details of option 1 in RAN1.

Proposal 3: In case of cross-carrier scheduling, it is slightly preferred to support the DL-B.
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