3GPP TSG RAN WG1 Meeting #82bis


R1-156731
Anaheim, USA, 15th - 22th November 2015
Agenda Item:
6.2.2.1.2
Source:
Lenovo
Title:
Enhancements on TDD HARQ timing for Rel-13 eCA
Document for:
Discussion and decision
1 Introduction
Rel-13 CA WI aims to support aggregating up to 32 serving cells in the DL. Correspondingly, the number of HARQ-ACK feedback bits in an UL subframe is significantly increased compared to Rel-12 CA where at most 5 serving cells can be aggregated by a UE. It was agreed in RAN1 #81 that 
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits

· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits

Since Rel-11, aggregation of multiple TDD serving cells with different UL/DL configurations is supported. The HARQ-timing design of CA with different UL/DL configurations was targeting only for up to 5 serving cells. In the Rel-13 eCA WI, due to the larger number of aggregated serving cells, it is worthwhile to reconsider the HARQ timing for TDD CA with different UL/DL configurations. In this contribution, we discussion possible enhancements on TDD HARQ timing when serving cells of different UL/DL configurations are aggregated.
2 Discussion
With TDD serving cells of different UL/DL configurations are aggregated, the Rel-11 design defines a DL-reference UL/DL configuration for each TDD SCell, based on the SIB1 UL/DL configuration of the TDD PCell and the TDD SCell. The DL-reference UL/DL configuration is defined as in Table 1 [1].
Table 1: Rel-11 DL-reference UL/DL configuration for a TDD SCell 
when TDD serving cells of different UL/DL configurations are aggregated.
	
	SIB1 UL/DL configuration of the TDD PCell

	
	0
	1
	2
	3
	4
	5
	6

	SIB1 UL/DL configuration of the TDD SCell
	0
	0
	1
	2
	3
	4
	5
	6

	
	1
	1
	1
	2
	4
	4
	5
	1

	
	2
	2
	2
	2
	5
	5
	5
	2

	
	3
	3
	4
	5
	3
	4
	5
	3

	
	4
	4
	4
	5
	4
	4
	5
	4

	
	5
	5
	5
	5
	5
	5
	5
	5

	
	6
	6
	1
	2
	3
	4
	5
	6


One of the design principles in Rel-11 for CA with different UL/DL configuration is that the Rel-8 TDD HARQ timing is used for each of the TDD SCell. Hence, the DL-reference UL/DL configuration for a TDD SCell must be one of the seven UL/DL configurations supported in Rel-8. Furthermore, the following rules apply:

· when the UL subframes in the TDD SCell is a proper subset of the UL subframes of the PCell, the DL-reference UL/DL configuration of the TDD SCell is the same as the SIB-1 UL/DL configuration of the SCell, as highlighted green in Table 1;
· when the UL subframes in the TDD PCell is a proper subset of or the same as the UL subframes of the SCell, the DL-reference UL/DL configuration of the TDD SCell is the same as the SIB-1 UL/DL configuration of the PCell, as highlighted yellow in Table 1;

· For other combinations of the PCell and SCell SIB-1 UL/DL configurations, DL-reference UL/DL configuration of the TDD SCell is highlighted as purple in Table 1.

Although the specification covers the complete combination of PCell/SCell SIB-1 UL/DL configurations, in practice, only a few combinations are often used. In order to provide sufficient resources to address the DL heavy traffic, it is likely that the SCells are configured with a DL heavier UL/DL configuration (e.g. UL/DL configuration 2 or 5) than that of the PCell (e.g. UL/DL configuration 1). According to the Rel-11 design, the HARQ-ACK bits for the DL heavier SCell may be concentrated in some of the UL subframes on the PCell. An example is shown in Figure 1, where the PCell is of UL/DL configuration 1 and the SCell is of UL/DL configuration 5. It can be seen that all HARQ-ACK bits of the TDD SCell are transmitted in subframe 5. Therefore, the number of HARQ-ACK bits in the PCell UL subframes is not well balanced. Table 2 shows the number of HARQ_ACK feedback bits in different UL subframes of the PCell (UL/DL configuration 1), with the number of aggregated SCells (UL/DL configuration 5) varies. Note that it is assumed 1 HARQ-ACK bit per subframe for each of the TDD SCell. The vast difference on the number of HARQ-ACK payload in different UL subframes of the PCell leads to imbalanced coverage of the HARQ-ACK transmission. Essentially, the HARQ-ACK transmission coverage is determined by the UL subframe containing the largest HARQ-ACK payload size. Therefore, it is beneficial to enhance the HARQ timing of the TDD SCell, such that the HARQ-ACK of the SCell is more evenly distributed to the UL subframes of the PCell.

Proposal 1: The HARQ timing of a TDD SCell when aggregated with a TDD PCell of different UL/DL configurations is enhanced, compared to that supported in Rel-11.  

[image: image1.emf]0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8

0 1 2 3 4 5 6 7 8

Pcell SIB1 

UL/DL config 1

Scell SIB1 

UL/DL config 5

an UL subframe a DL or special subframe

9

9


Figure 1: HARQ timing of a TDD SCell of configuration 5, according to the Rel-11 CA design

Table 2: HARQ-ACK payload size in different UL subframes of the PCell

	Number of SCells (UL/DL configuration 5)
	PCell UL subframe index (UL/DL configuration 1)

	
	#2
	#3
	#7
	#8

	1
	2+9=11
	1
	2
	1

	9
	2+9×9=83
	1
	2
	1

	15
	2+9×15=137
	1
	2
	1


One possible alternative is to utilize the FDD SCell HARQ timing aggregated with a TDD PCell. The FDD SCell HARQ timing was introduced in the Rel-12 FDD-TDD CA WI. Table 3 shows the HARQ timing (in the form of downlink association set K) for the FDD SCell, when aggregated with a TDD PCell. Note that the DL-reference UL/DL configuration for the FDD SCell is the same as the SIB-1 UL/DL configuration of the TDD PCell. It is noted that the FDD SCell HARQ timing in Table 3 distributes the HARQ-ACK payload of the SCell among all UL subframes of the TDD PCell. Another alternative is to consider introduce new HARQ timings for the TDD SCell when aggregated with a TDD PCell of different UL/DL configurations in Rel-13 eCA, which ultimately optimize the HARQ-ACK payload size among the UL subframes of the PCell. 

Proposal 2: Consider reusing the HARQ timing of FDD SCell with TDD PCell, as the HARQ timing of a TDD SCell when aggregated with a TDD PCell of different UL/DL configurations.
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 for a FDD SCell with TDD PCell [1]
	DL-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
	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
	-


3 Conclusions
In this contribution, we discuss HARQ-ACK timing for a TDD SCell when aggregated with a TDD Pcell of different UL/DL configurations. The Rel-11 design does not evenly distribute the HARQ-ACK bits among the UL subframes of the TDD PCell, which reduces the HARQ-ACK transmission coverage. Hence, the following proposals are made:
Proposal 1: The HARQ timing of a TDD SCell when aggregated with a TDD PCell of different UL/DL configurations is enhanced, compared to that supported in Rel-11.  

Proposal 2: Consider reusing the HARQ timing of FDD SCell with TDD PCell, as the HARQ timing of a TDD SCell when aggregated with a TDD PCell of different UL/DL configurations.
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