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1 Introduction

In RAN1#68, the following agreements were made:

· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.
· PCell timing is the same as Rel-8/9/10.

· The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration
And then in RAN1#68bis, the remaining cases that the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration was agreed for self scheduling. 
· On PDSCH timing for the case where  SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self scheduling
· For full-duplex case, agreement is that SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing
· Can be revisited after discussion of other DL and UL cases

· On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)

· In case of self-carrier scheduling, 
· For full duplex case, the timing table in alternative 1 is agreed.

· For half duplex case, working assumption is the timing table in alternative 1

· In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.

Based on the above agreements, PDSCH HARQ timing for Pcell PDSCH follows Pcell UL-DL configuration itself, and the UL-DL configuration used as PDSCH HARQ timing reference for a Scell at least for full duplex case of self scheduling is summarized in Table 1. 
Table 1: UL-DL configuration for PDSCH HARQ timing reference
	UL-DL configuration for PDSCH HARQ  timing reference 
	PCell SIB1 UL-DL configuration 

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration 
	0
	- 
	1
	2
	3
	4
	5
	6

	
	1
	1
	- 
	2
	4
	4
	5
	1

	
	2
	2
	2
	- 
	5
	5
	5
	2

	
	3
	3
	4
	5
	- 
	4
	5
	3

	
	4
	4
	4
	5
	4
	- 
	5
	4

	
	5
	5
	5
	5
	5
	5
	- 
	5

	
	6
	6
	1
	2
	3
	4
	5
	- 

	Meaning of the colors 
	Case A 
	Case B 
	Case C 
	　
	　
	　
	　


A key observation here is the timing reference for a Scell can be different from Pcell UL-DL configuration. As a result, the HARQ-ACK transmission methods defined in Rel-10 assuming Pcell timing for all configured cells needs a change accordingly [2]. Hence, in this contribution, we discuss the issues and possible solutions for HARQ-ACK transmission schemes for the CA scenarios with different TDD UL-DL configurations. 
2 Bundling window for Pcell and Scell

LTE TDD is typically operated as a DL heavier system, which results in a UL subframe usually feeding back HARQ-ACKs for multiple DL subframes. As defined in TS 36.213 [1], the set of DL subframes whose HARQ-ACKs are reported in the same UL subframe is captured in Table 2. 
Table 2: Downlink association set index
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

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

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Based on the current agreement till RAN1#68bis, PDSCH HARQ timing for Pcell PDSCH follows Pcell UL-DL configuration itself, so it is straightforward that the bundling window is kept unchanged for Pcell compared to Rel-10. That is, bundling window is defined by Table 2 for a Pcell configuration. 
As to Scell, we see 2 alternatives to define the bundling window. 
· Alt-1: The bundling window for a Scell could be defined based on the UL-DL configuration used as PDSCH timing reference for the Scell
· Alt-2: In addition to Alt-1, only the real DL subframes of the Scell in the determined set of DL subframes based on the UL-DL configuration used as timing reference are defined as bundling window for the Scell. So the exact bundling window size determined may be smaller than Alt-1. 
Bundling window defined by Alt-1 and Alt-2 can be the same. For example, as shown in Figure 1, for the case that Scell DL subframes is a superset of Pcell DL subframes, i.e. Case B, the bundling window for the Scell could be defined by Scell UL-DL configuration itself following Table 2, which is the same for both Alt-1 and Alt-2. 
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Figure 1
On the other hand, bundling window size defined by Alt-2 can be smaller than Alt-1. As shown in Figure 2, for Case A, i.e. Scell DL subframes is a subset of Pcell DL subframes, the same bundling window as Pcell is defined by Alt-1. It is easily seen that the subframe 8 in the bundling window defined by Pcell UL-DL configuration is actually a UL subframe in the Scell. After excluding the subframe 8, the real bundling window for the Scell defined by Alt-2 is DL subframe 4, 5 and 6. 

[image: image4.emf]D S U D D D S U D D D S U D D D S U D D

D S U U D D S U U D D S U U D D S D D D

M=4 defined by Alt-1

M=3 defined by Alt-2

Pcell: conf#2

Scell: conf#1

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Subframe:

M=4


Figure 2
Based on the above discussion, the bundling window size for Pcell and Scell can be different, e.g. Figure 1, or Figure 2 with Alt-1 for Scell used. The different bundling window size in Pcell and Scell causes some new issues in the design of PUCCH HARQ-ACK transmission. We discuss it in detail in Section 3. 
3 PUCCH HARQ-ACK transmission

In Rel-10 TDD CA, all configured cells share the same bundling window size, since it is assumed all configured cells use the same UL-DL configuration. As a consequence, the same spatial/time bundling method is applied to Pcell and Scell for format 1b with channel selection; and the codebook size for PUCCH format 3 is simply 
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 is the common bundling window size, 
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 is the number of configured cells, 
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 is the number of configured cells with configured TM enabling the reception of 2 TBs for the UE. 
3.1 For PUCCH format 1b with channel selection
In the TDD CA with different UL-DL configurations, if the bundling window size is the same for Pcell and Scell, it’s straightforward to reuse the Rel-10 scheme; if the bundling window size for Pcell and Scell is different, basically 2 options can be considered here. 
Option 1: separate size approach

For better performance, different cell should be treated according to its exact bundling window size. Take Figure 1 as an example. The bundling window size M equals 2 for Pcell, so only spatial bundling is needed to get 2 spatial bundled bits for Pcell; while the bundling window size M equals 4 for Scell, time bundling as defined in Rel-10 in addition to spatial bundling has to be used to reduce the overhead to 2 bits. 

Option 1 is optimized for performance, but one issue is there is no mapping table for channel selection currently available in Rel-10 for such case of unequal bundling window size. One possible way is to add dedicate mapping table for each possible case of different bundling window size of Pcell and Scell. Another method is that first specify the method for each cell to get 2 bits for HARQ-ACK feedback, and then specify a 4-bit mapping table [3] to report the 4 bits of Pcell and Scell. 
Option 2: common size approach

For the simplicity in standardization, a common bundling window size could be used to manage the HARQ-ACK feedback in each cell, which allows the reuse of the current mapping table for channel selection in [1]. 
A direct method to derive this common size is to use the maximum value between Pcell bundling window size 
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. As shown in Figure 1, Pcell bundling window size is 2, and Scell bundling window size is 4, we can simply use common size 
[image: image11.wmf](

)

(

)

4

4

,

2

max

,

max

=

=

=

Scell

Pcell

M

M

M

to treat each cell. It keeps the same operation based on M equals 4 for the Scell compared to Option 1, but it causes performance loss for Pcell due to the excessive timing bundling with bundling window size 4. 

Another method providing a better performance is to select a proper common size based on the bundling window size of Pcell and SCell. For the example in Figure3, i.e. Pcell configuration 0 and Scell configuration 2, PDSCH timing of Scell follows the UL-DL configuration of itself according to current agreement in RAN1.The Pcell bundling window size  
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 equals one; and the Scell bundling window size 
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 equals four.  Hence, the HARQ-ACK feedback for in total 5 DL subframes in 2 cells needs to be reported in UL subframe 2. We could reuse the mapping table in Rel-10 for the case of M equals 3 to serve this CA case. The HARQ-ACK bits for the 5 DL subframes are ordered in line, 
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is the only subframe in bundling window of Pcell and 
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 means kth DL subframe in bundling window of Scell and; then one by one mapped to the first 5 HARQ-ACK in the Rel-10 mapping table for M equals 3. The 6th HARQ-ACK bit in the Rel-10 mapping table for M equals 3 is set to NACK/DTX. 
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Figure 3
3.2 For PUCCH format 3
In this section, we discuss the possible ways to handle HARQ-ACK transmission on PUCCH format 3. Again, if the bundling window size is the same for Pcell and all Scells, it’s enough to reuse the Rel-10 scheme; if a different bundling window size for a Scell exists from Pcell, still 2 options can be considered, which are differentiated based on how is the codebook used in HARQ-ACK transmission determined. 
Option 1: separate size approach

In this approach, the number of reported bits for a cell is set based on its exact bundling window size. Denote the bundling window size for cell k as 
[image: image18.wmf]k

M

, the number of reported bits for cell k is 
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 for transmission mode with two transport block (TB). Thus, the total number of reported bits is 
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 is the number of configured cells for the UE.
Option 2: common size approach

Another possibility is to determine the number of reported bits based on a common bundling window size. Typically, the common size could be the maximum number among Pcell and all Scells, i.e. 
[image: image23.wmf](

)

1

0

,...,

max

-

=

k

M

M

M

. For the cell with a smaller bundling window size 
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Comparing the 2 options, it is obvious that Option 2 may results in larger size of codebook in PUCCH format 3. If the total bit number is more than 20 bits, spatial bundling will be enabled according to Rel-10, though the real number according to Option 1 maybe still less than 20 bits. That is, Option 2 may result in DL throughput loss. In another aspect, if the number of bits is bigger than 11 bits but still less than 21 bits for Option 2, dual-RM coding will be used, however, the real number of bits may still less than 12 bits and allows the use of single RM coding by Option 1. It is well known single RM coding is better than dual RM coding for the same number of bits, so Option 2 results in link level performance loss of PUCCH format 3. 
4 Conclusions
In this contribution, we discuss the possible methods to define bundling window size for a Scell, analyze that the bundling window size for Pcell and Scell can be different, and then provide our views on HARQ-ACK transmission schemes for both format 1b with channel selection and PUCCH format 3. 
· For format 1b with channel selection, 2 options are discussed. It is optimized in performance if each cell is processed separately based on its exact bundling window size; while the approach based on common bundling window size in the processing for each cell is much simpler. 

· For PUCCH format 3, the issue is how to determine the codebook used. We slightly prefer that the reported bits for a cell can be determined based on its exact bundling window size, denote it as 
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 is the number of configured cells for the UE.
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