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1. Summary
In this contribution, we present our views on PDSCH HARQ-ACK timing design with self-scheduling for TDD-FDD CA when the PCell is a TDD cell. To maximize the peak data rate, the eNB should be able to schedule all DL subframes of a FDD SCell. We analysed the potential issues of the two remaining options, and proposed the following:

· Option 1 is preferred for better peak rate and flexibility. Thus, for a FDD SCell, a DL association set that includes all subframes should be specified depending on the TDD PCell configuration. 

· If Option 2 is used, DL association set or radio frame shifting may be considered to enable the usage of all DL subframes at least by different TDD-FDD CA UEs. 

2. DL HARQ-ACK association for a FDD cell 

In RAN1 #75, it was agreed that when Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows PCell FDD timing. The PDSCH HARQ-ACK reporting with self-scheduling when the PCell is a TDD was left FFS with two options remaining.

[image: image1]
One of the main benefits of CA is to increase the peak data rate of a UE. And the eNB should be able to schedule PDSCH transmission in all DL subframes of a FDD SCell. Furthermore, considering the PUCCH performance, it is better to have a design with more balanced HARQ-ACK distribution among the uplink subframes of the PUCCH reporting PCell.

Table 1 compares the two remaining options. 

Table 1. Comparison of Option 1 and Option 2 for self-scheduling when the PCell is a TDD cell

	
	Option 1
	Option 2c

	Potential usage of all DL subframes
	Yes
	No

	HARQ-ACK payload distribution
	More balanced among PCell UL subframes
	More concentrated in a subset of PCell UL subframes 

	Extra RRC signalling required
	No
	Yes

	DL association set and timing
	New timing is added to existing TDD timing
	Reuse of existing TDD timing

	Potential issues
	Maximum number of HARQ process for configuration 5.
PUCCH format 1b with channel selection support for DL association set with more than 4 subframes, e.g. 5.
	Reduced peak rate for a UE.
Reduced scheduling flexibility at eNB since some DL subframes cannot be used by TDD-FDD CA UEs.



With Option 1, a DL association set for a FDD cell can be defined as a superset of the DL association set of a TDD cell. Thus, all DL subframes of the FDD SCell may be utilized by a UE. Furthermore, since all UL subframes can be used to report HARQ-ACK bits for the FDD SCell, the HARQ-ACK bits of the SCell can be more evenly distributed to each uplink HARQ-ACK feedback/report, which effectively reduces the maximum payload of a PUCCH report and increases the PUCCH performance and reliability. Moreover, no extra higher layer signalling is needed since the DL association set of a FDD cell is determined by the PCell TDD UL/DL configuration.

For the association set design of a FDD cell, the following aspects can be considered, and the priority of each aspect can be further discussed.

1) Distribute subframes into all possible UL subframes depending on PCell TDD configuration.

2) Avoid “schedule first and report late” issue, thus, subframes in an association set should be a continuous subframe block.

3) Balance the number of subframes in each association set as much as possible.

Table 2 presents a detailed proposal of DL association sets for Option 1 following all of the above mentioned criteria. The underline indexes are existing associations for the corresponding TDD UL/DL configuration, and the red indexes are new added associations for a FDD cell.
Table 2. Proposed DL association set for a FDD cell
	Reference UL/DL
Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 5
	5, 4
	4
	-
	-
	6, 5
	5, 4
	4

	1
	-
	-
	7, 6, 5
	5, 4
	-
	-
	-
	7, 6, 5
	5, 4
	-

	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
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	8, 7
	7, 6
	6, 5
	-
	-
	7
	7, 6, 5
	-


With Option 2c, a TDD reference configuration on a FDD cell is configured by higher layer signalling, and the TDD CA methods are applied accordingly. However, the subframes that are indicated as UL cannot be scheduled for PDSCH transmission for a TDD-FDD CA UE. This will cause reduced peak data rate for each individual TDD-FDD CA UE. Furthermore, to schedule more DL subframes on a FDD SCell, a DL heavy TDD UL/DL configuration needs to be configured on a FDD SCell, which leads to less UL subframes that can be used for HARQ-ACK reporting for the FDD cell, and high payload in HARQ-ACK reports in some subframes.
To achieve higher peak rate and better scheduling flexibility, we prefer Option 1 over Option 2c. 

Proposal 1: Option 1 is preferred for better peak rate and flexibility. For a FDD SCell, a DL association set that includes all subframes should be specified depending on the TDD PCell configuration. 

3. Observations of potential issues with Option 1 

In RAN1 #75, it was agreed that for Option 1, if UL/DL configuration 5 is used, the number of HARQ processes is less than 17. Thus, the number of bits in a DCI format to indicate the HARQ process does not need to be increased. From the UE’s perspective, nothing is changed since a UE cannot be indicated with more than 16 HARQ processes. However, it is unnecessary to exclude a DL subframe in the scheduling. First of all, the number of HARQ process is far less than 16 in most cases since a HARQ process number can be reused if an ACK is reported for a DL transmission. Having the maximum number of HARQ processes greater than 16 will happen only under the worst case scenario where many PDSCH transmissions are NACKed and all DL subframes are scheduled for PDSCH transmissions. Secondly, the eNB can assign the HARQ process number by implementation, e.g. the eNB can disable the PDSCH transmission on any DL subframe to satisfy the limitations of the maximum number of HARQ processes.  This allows better flexibility for eNB scheduling compared with excluding a fixed DL subframe (e.g. subframe #2) for PDSCH transmission.

With Option 1, the DL association set for a FDD SCell may include more than 4 subframes, e.g. if the PCell has TDD UL/DL configuration 2 or 4. To support PUCCH format 1b with channel selection, some restrictions can be applied. For example, a UE should not expect to receive more than 4 PDSCH assignments in a DL association set with more than 4 DL subframes. Thus, the existing PUCCH format 1b with channel selection tables can be reused. This results in the same restriction of limiting the maximum DL assignments to 4 in Option 2c. But Option 1 provides better flexibility because, the eNB may choose up to 4 subframes in the association set to achieve the same peak data rate as in Option 2c. 
Observation 1: The potential issues of Option 1 can be easily solved with minimum or no specification impact.

· The number of HARQ process for configuration 5 can be an eNB implementation issue to disable PDSCH scheduling of any DL subframe.

· The PUCCH format 1b with channel selection can be supported for a DL association set with more than 4 subframes by limiting the maximum number of PDSCH assignments to 4 for a UE.

4. Observations of potential issues with Option 2c 

Besides the main disadvantage of reduced peak data rate, another problem of Option 2c is that some DL subframes cannot be used for PDSCH transmissions for any TDD-FDD CA UEs since some subframes may always be allocated as UL in the reference configuration, e.g. subframe 2. However, if a shifting of DL association set or radio frame is introduced, a FDD subframe that is indicated as an UL for one TDD-FDD CA UE may be scheduled for DL transmission to another TDD-FDD CA UE with a shifted association set or radio frame. 
Figure 3 shows an example of shifting the DL association set of the FDD cell for a TDD-FDD CA UE. For UE1, subframe #2 and #7 are configured as UL in the reference configuration for the FDD SCell, thus cannot be scheduled for PDSCH transmission for UE1. If the DL association set or the radio frame is shifted by 1 subframe, subframe #2 and #7 can be used for UE2, but subframe #3 and #8 cannot be scheduled for UE2. 

Allowing a shifting of DL association set or radio frame can enable the scheduling of all DL subframes in a FDD cell among different TDD-FDD CA UEs. Thus, although the peak rate of a single UE is reduced, the DL resources are not wasted for TDD-FDD CA UEs. Furthermore, it also balances the HARQ-ACK reports of different UEs into different UL subframes. For example in Figure 3, UL subframes #2 and #7 will carry the aggregated HARQ-ACK report for UE1, while UL subframes #3 and #8 will carry the aggregated HARQ-ACK report for UE2.
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Figure 3. Example of shifted DL association set for different TDD-FDD CA UEs

Observation 2: If Option 2c is used, the peak data rate of a UE will be reduced. To avoid waste of DL resources for TDD-FDD UEs, DL association set or radio frame shifting may be considered to enable PDSCH transmission in all DL subframes by different TDD-FDD CA UEs.
5. Conclusions
In this contribution, we compared the remaining candidates for the PDSCH HARQ-ACK design with self-scheduling for TDD-FDD CA when the PCell is a TDD cell. To maximize the peak data rate with more scheduling flexibility, eNB should allow PDSCH scheduling and HARQ reporting for all DL subframes of a FDD SCell for TDD-FDD CA UEs. Therefore, we propose:

Proposal 1: Option 1 is preferred for better peak rate and flexibility. For a FDD SCell, a DL associate set that includes all subframes should be specified depending on the TDD PCell configuration. 

Furthermore, we analyzed the potential issues of both Option 1 and Option 2, and present some simple approaches to alleviate the problems. We observed that:

Observation 1: The potential issues of Option 1 can be easily solved with minimum or no specification impact.

· The number of HARQ process for configuration 5 can be an eNB implementation issue to disable PDSCH scheduling of any DL subframe.

· The PUCCH format 1b with channel selection can be supported for a DL association set with more than 4 subframes by limiting the maximum number of PDSCH assignments to 4 for a UE.

Observation 2: If Option 2c is used, the peak data rate of a UE will be reduced. To avoid waste of DL resources for TDD-FDD UEs, DL association set or radio frame shifting may be considered to enable PDSCH transmission in all DL subframes by different TDD-FDD CA UEs.
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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





Conclusion:


Email discussion until RAN1 #76 meeting about the detail of Options 1) and 2-c) of  HARQ timing of PDSCH transmission on SCell with self-scheduling when PCell is TDD carrier and SCell is FDD carrier











- 5/5 -

_1450607894.vsd
D


D


U


S


D


D


D


U


S


D


D


D


U


S


D


D


D


D


U


S


U


D


D


U


S


U


0


4


2


1


3


5


9


7


6


8


D


D


U


S


U


0


4


2


1


3


TDD PCell: 
Config 1


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


FDD SCell of UE1:
Configured  with Config 2 


DL of FDD Cell


D


D


D


U


S


D


D


D


U


S


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


D


D


0


8


2


1


3


9


PDSCH HARQ-ACK association


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


D


FDD SCell of UE2: 
Configured  with Config 2 
and a shift of 1 subframe


Radio frame


9


Shift d  = 1



