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1. Introduction
At RAN1 #69 meeting, the issues on PDSCH HARQ timing were intensively discussed. Along with the discussion in previous RAN #1 meetings, some agreements [1] on PDSCH HARQ timing on the SCell in case of self scheduling can be concluded below.
Agreements:

· Follow the PCell SIB1 configuration for case A
· For full-duplex case, follow the SCell SIB1 HARQ timing for case B.
· For full duplex case, the timing table in alternative 1[1] is agreed for case C.

We note that, according to the different configurations from PCell and SCell(s), 3 different cases for PDSCH HARQ timing are identified as follows:

Case A: Scheduled SCell downlink subframes are a subset of PCell

Case B: Scheduled SCell downlink subframes are a superset of PCell

Case C: Scheduled SCell downlink subframes are neither a superset nor a subset of PCell

Based on these agreements on self scheduling case, the PDSCH HARQ timing on the SCell can be summarized in Table 1.

Table 1. PDSCH HARQ Timing Reference for Self Scheduling SCell(s)
	UL/DL configuration number for PDSCH HARQ timing reference
	Scell UL/DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	Pcell UL/DL configuration
	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


However, in case of cross-carrier scheduling there are still no agreements for case B and C. Hence, in this contribution, we would like to present our views on case B and C and solve related problems, i.e., PUCCH resource collision, in case of cross-carrier scheduling.
2. PDSCH HARQ Timing for Cross-Carrier Scheduled SCell(s)
For the two different cases of self and cross-carrier scheduling, if a UE uses different PDSCH HARQ timing reference tables, additional complexity will be introduced when eNB reconfigures self scheduling or cross-carrier scheduling. In addition, in Rel-11 or latter releases, UE may support peak data rate on the SCell(s) as described in [3], thus having the same PDSCH HARQ timing reference table is desirable for both self and cross-carrier scheduling cases. To avoid standardization fragmentation between Rel-11 and latter releases, it is suggested that the PDSCH HARQ timing reference table for the SCell under the case of self and cross-carrier scheduling should be uniformed. Furthermore, from the perspective of simplicity, the SCell PDSCH HARQ timing reference table in case of self scheduling can be simply reused for the case of cross-carrier scheduling. 
Proposal 1: SCell should reuse the self-scheduling PDSCH HARQ timing reference table for cross-carrier scheduling in Rel-11 TDD CA.
 If the SCell HARQ timing is used as reference timing in case of cross-carrier scheduling, it was reported in [4] that PUCCH resource collision may happen in Rel-11 TDD CA systems. 
3. PUCCH Collision in Case of Cross-carrier scheduling
The reason for the PUCCH collision is that the PCell and SCell use different PDSCH HARQ timing reference in case of cross-carrier scheduling. When an SCell is cross-carrier scheduled, its PUCCH resources are implicitly derived as defined in [2]. The equation used for implicit PUCCH resource mapping is:  
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 is determined from the primary cell, 
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 is the number of the first CCE used for transmission of the corresponding PDCCH in subframe 
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 as defined in [2]. When the same equation is directly used for both the PCell and SCell, respectively, the corresponding PUCCH resources can be shown in Figure 1 (M_pcell=1 and M_scell=2). If two downlink subframes share the same implicit PUCCH resource candidates, PUCCH collision happens in some cases. In this figure, the index m on PCell and SCell are denoted as m1 and m2, respectively. 
PUCCH collision can be classified into two types:

· Type 1: m is different or Ncce is different (since Nc and Nc+1 is different) between PCell and SCell
· Type 2: m1=m2 and Ncce are the same between PCell and SCell
The examples of these two types of PUCCH collisions are shown in Figure 1. 
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Figure 1 – Type 1 and Type 2 PUCCH Collision.
Currently, one possible solution to PUCCH collision is proposed in [4] as the Alt 1.
· Alt 1: PUCCH format 3 should be used in case of cross-carrier scheduling.
If PUCCH format 3, which is the explicit method to indicate PUCCH resource, is used in case of cross-carrier scheduling, the PUCCH collision issue caused by implicit PUCCH resource mapping can be avoided. However, this method significantly increases the number of PDSCH HARQ feedback bits from 2 bits to 20bits compared with the case using PUCCH format 1b with channel selection. Hence, we propose a method to avoid  an increase in PUCCH overhead.
· Alt 2: Re-numbering index m on the SCell of Rel-11 UEs.
These Type 1 and Type 2 PUCCH collisions can be avoided by newly numbering m’2 on the SCell as the following steps: 

· Step 1: first numbering a new subframe index m’2 on the SCell if DL transmission occurs on both PCell and SCell ( m’2 uses the same m index as m1 on the corresponding subframe on the PCell)
· Step 2:  Increment subframe index  m’2 on SCell if no DL transmission occurs on SCell 
· Step 3: numbering subframe index m’2 on SCell if DL transmission occurs only on SCell
We note that this m’2 is only used to derive the PUCCH resource. As shown in Figure 2, for step 1, if the downlink transmission occurs on both PCell and SCell, such subframe’s index m will be numbered first by using the same value of corresponding index m1 (m’2= m1= 0). Then, for step 2, if there is no DL transmission on the SCell, increment m’2 index will be applied to SCell. However, in most cases we do not need step 2, because such cases, for example, only happen for the combination of TDD configuration 3+4. Finally, for step 3, we can number the subframe m index if downlink transmission occurs only on SCell (m’2=1). After re-numbering the index m’2 on SCell, to align the PUCCH resource between PCell and SCell, the following equation should be used for the implicit PUCCH resources mapping of the SCell: 
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Consequently, the PUCCH resources of the SCell are allocated as shown in Figure 2. In this case, PUCCH collision will no longer exist. For example, subframe No.1 of SCell with m’2=0 is cross-carrier scheduled by subframe No.1 of PCell, so the Ncce of these two subframes will never be the same. Thus, PUCCH collision can be resolved without introducing any redundant PDSCH HARQ feedback bits.
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Figure 2 – Re-numbering index m on SCell.
Furthermore, there is another straightforward method to solve PUCCH collision issue. 
· Alt 3: For Rel-11 UEs, SCell’s PUCCH resources are mapped to a different region from that of the PCell. 
Figure 3 shows the details of Alt 3. It is a simple and straightforward solution with low complexity. Although PUCCH collision is resolved, some overhead is inevitably introduced.
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Figure 3 – New PUCCH resource region for Rel-11 UEs.
In this section, maybe all possible solutions to PUCCH collision are listed. The main factor guiding our choice of preference is low PUCCH overhead. From this perspective, Alt 2 is the best solution to PUCCH collision in case of cross-carrier scheduling. 
Proposal 2: Alternative 2 with the lowest PUCCH overhead should be used to avoid PUCCH collision in case of cross-carrier scheduling in Rel-11 TDD CA systems.

4. Conclusions
In this contribution, we presented our views on the PDSCH HARQ timing of the SCell and analyze some possible solutions to PUCCH collision issue when cross-carrier scheduling is used. Based on the analysis above, we give the following proposals:
Proposal 1: SCell should reuse the self-scheduling PDSCH HARQ timing table for cross-carrier scheduling in Rel-11 TDD CA.
Proposal 2: Alternative 2 with the lowest PUCCH overhead should be used to avoid PUCCH collision in case of cross-carrier scheduling in Rel-11 TDD CA systems.
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