
3GPP TSG RAN WG1 Meeting #76bis

R1- 141183
Shenzhen, China, 31st March – 4th April 2014
Source:
CATT
Title:
PDSCH HARQ timing of FDD SCell with TDD as PCell
Agenda Item:
7.2.3
Document for:
Discussion/Decision
1 Introduction
In RAN1 #76, the following two options for PDSCH HARQ timing for self-carrier scheduling of FDD SCell when TDD PCell is configured were discussed without agreement:

· Option 1: HARQ-ACK timing for DL self-scheduling of FDD SCell in case of TDD PCell is defined as in following table
	HARQ 
timing 
	Subframe n 

	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 

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

	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] 
	- 


· ACK/NACK channel selection can be configured only with the TDD PCell UL/DL configurations which don’t require DL HARQ timing with M>4 on the FDD SCell
· When configured with PF3, maximum number of aggregated cells is limited for the M>4 cases so that number of ACK/NACK bits on PF3 does not exceed 21
· Option 2-c:  For the case of TDD as PCell and FDD as Scell and self-carrier scheduling, the PDSCH HARQ timing on the FDD SCell follows a DL reference TDD UL-DL configuration
· The DL reference TDD UL-DL configuration for the FDD Scell is determined by the following table
	TDD PCell UL-DL configuration 
	Allowed DL reference TDD UL-DL configuration for FDD SCell (2 aggregated cells) 
	Allowed DL reference TDD UL-DL configuration for FDD SCell (more than 2 aggregated cells) 

	0
	5
	2

	1
	5
	2

	2
	5
	2

	3
	5
	4

	4
	5
	4

	5
	5
	N/A

	6
	5
	2


In this contribution, we further discuss the PDSCH HARQ timing of FDD SCell with TDD as PCell and in case of self- carrier scheduling.

2 Discussion
In this section, we compare the proposed options and provide our preference.
Option 1) FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD Scell.

The benefit of option 1 is that PDSCH on all DL subframes on FDD SCell has HARQ-ACK feedback. On the other hand, with new PDSCH HARQ timing, the following potential impacts on specification should be considered:

· Field of HARQ process number in DL grant: To support up to 17 HARQ processes when TDD UL-DL configuration 5 is used on PCell, the field of HARQ process number in DL grant needs to be extended to 5 bits.
· UCI transmission: When TDD UL-DL configuration 2/3/4 is used on PCell, HARQ-ACK bits corresponding to five or six DL subframes on FDD SCell are transmitted in one UL subframe. Therefore, the following issues should be enhanced for UCI transmission:
· DAI ambiguity: In Rel-10 CA, DL DAI is used to generate the HARQ-ACK feedback sequence for both PUCCH format 3 and channel selection. For Rel-10 CA, DL DAI ambiguity only exists when TDD UL-DL configuration 5 is used, as shown in Table 1. For FDD-TDD CA with TDD as PCell, DL DAI corresponding to FDD SCell should be extended to 3 bits in order to avoid the ambiguity, at least when TDD UL-DL configuration 2/3/4 is used on PCell for FDD-TDD CA. 
Table 1: Value of Downlink Assignment Index

	DAI
MSB, LSB
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	Number of subframes with PDSCH transmission and with PDCCH/EPDCCH indicating DL SPS release

	0,0
	1
	1 or 5 or 9

	0,1
	2
	2 or 6

	1,0
	3
	3 or 7

	1,1
	4
	0 or 4 or 8


· ACK/NACK transmission on PUSCH: UL DAI is used to determine the number of HARQ-ACK feedback bits transmitted on PUSCH from Rel-8. When TDD UL-DL configuration 2/3/4 is used on TDD PCell for FDD-TDD CA, the determination of HARQ-ACK payload transmitted on PUSCH should be modified.

· The maximum number of aggregated FDD/TDD serving cells: In RAN1#74bis, it was agreed that maximum supported number of aggregated CC is 5. Since the maximum HARQ-ACK payload of PUCCH format 3 is 21 bits, when TDD UL-DL configuration 2/3/4 is used on PCell, the maximum number of aggregated FDD/TDD serving cells is limited, as shown in Table 2.
Table 2: The maximum number of aggregated FDD/TDD serving cells
	TDD UL-DL configuration on PCell
	The maximum number of aggregated FDD SCell

	0
	4

	1
	4

	2
	3

	3
	2

	4
	2

	5
	1

	6
	4


Option 2-c) The PDSCH HARQ timing of FDD SCell follows a DL reference TDD UL-DL configuration
For this option, design for Rel-11 TDD inter-band CA with different UL-DL configurations can be largely reused. Therefore, the least impacts on specification can be expected. 
The disadvantage of Option 2-c is that a few DL subframe(s) on FDD SCell have no HARQ-ACK feedback for FDD-TDD CA UEs with TDD as PCell. However, the corresponding loss on system performance is little, since the DL subframe(s) still can be used with HARQ-ACK feedback for legacy non-CA UEs, legacy FDD CA UEs and FDD-TDD CA UEs with FDD as PCell. From UE perspective, assuming aggregating one TDD PCell with UL-DL configuration 2 and one FDD SCell, the downlink peak data rate reduces by 6% with Option 2-c (with reference configuration 5 configured) compared to Option 1.
Considering the least impact on specification and the negligible loss on system performance, we propose that the DL reference TDD UL-DL configuration is used as the PDSCH HARQ timing of FDD SCell with TDD as PCell and in case of self-scheduling.
3 Conclusions

In this contribution, we discuss the PDSCH HARQ timing of FDD SCell with TDD as PCell and in case of self-scheduling, with following proposal:
· The DL reference TDD UL-DL configuration is used as the PDSCH HARQ timing of FDD SCell with TDD as PCell and in case of self-scheduling.
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