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1 Introduction
In the RAN1 #67 meeting, some conclusions were made for the inter-band TDD CA with different UL-DL configurations [1], the conclusions applied to both cross-carrier scheduling and non cross-carrier scheduling are summarized as following: 

· Keep the number of supported bands agnostic to RAN1, and strive for common solutions for different numbers of UL-DL configuration. 

· No new HARQ-ACK timing is introduced, which means that no new HARQ-ACK table beyond those already defined in Rel-8/9/10. 

· PHICH is transmitted on the cell carrying the corresponding UL_grant. 

· PUCCH only on PCell is as the working assumption. 

· Strive for a common solution to support both the full-duplex and half-duplex UEs. 

Specially, regarding cross-carrier scheduling, the working assumption now is to support this feature, in detail [1]:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n

· FFS support of other type of cross-carrier scheduling in Rel-11

That is, for DL transmission, cross-carrier scheduling is supported when both PCell and SCell are downlink for a subframe, while the support of cross-carrier cross-subframe scheduling for other DL subframe on SCell and cross-carrier scheduling for UL subframe on SCell are still FFS. So in this contribution, we further provide our views on both uplink and downlink transmission for cross-carrier scheduling, and non cross-carrier scheduling is discussed in [2]. 

2 Motivation for cross-carrier scheduling

One of the motivations for introducing the inter-band CA with different TDD configurations is to support the scenario of the heterogeneous network (HetNet) where different UL-DL configurations can be used in different carriers depending on the traffic condition and the band co-existence. Cross-carrier scheduling was introduced in Rel-10 as an efficient scheme for CA-based HetNet to mitigate the interference of control channels by adjusting the control channels of low-geometry UEs to a light-interfered carrier. This applies to DL control channel transmission for both DL grant and UL grant. Therefore, cross-carrier scheduling for both PDSCH and PUSCH transmission should be supported. 
Based on the above discussion and also considering that cross-carrier scheduling is a mature feature specified in Rel-10. We suggest supporting cross-carrier scheduling for the inter-band TDD CA with different UL-DL configurations. 
Proposal 1: We propose to confirm the current WA to support cross-carrier scheduling for UEs with different UL-DL configurations between inter-band aggregated TDD cells. 
3 HARQ timing design for DL cross-carrier scheduling
3.1 Scheduling timing for DL cross-carrier scheduling

When the PCell is DL-heavier compared to the SCell, all the DL subframes on the SCell can be cross-carrier scheduled. However, when the PCell is UL-heavier, the DL subframes on the SCell cannot be scheduled based on the Rel-8 timing if it is uplink subframe in the same timing on the PCell. For instance (as shown in Fig. 1), the DL subframe 3 on the SCell cannot be cross-carrier scheduled in subframe 3 according to the Rel-8 timing, since the subframe 3 on the PCell is a UL subframe. 
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Fig. 1: Timing issue for DL cross-carrier scheduling (UL-heavier carrier as the PCell)
Two possible options to solve this problem are analyzed below:
· Option 1: Cross-subframe scheduling is introduced for the DL subframe on the SCell when it is uplink subframe on the PCell.

· Option 2: Not support the cross-carrier scheduling for the DL subframe on SCell when it is uplink subframe on the PCell.

Option 1 maximizes the UE DL peak date rate by fully utilizing all DL resources. However, some special designs need to be considered to support cross-subframe scheduling. For example, a DL_index similar with the UL_index might be included in the DL_grant to indicate corresponding DL subframe on the scheduled SCell, where UL_index was defined in Rel-8 as a field in UL grant for UL-DL configuration 0. However, it is not preferred to add new bits in the DL_grant, and it complicates the specification if the existing fields in current DCI format need to be re-interpreted. 
As to Option 2, cross-carrier scheduling for SCell is restricted on the subframes when both PCell and SCell are of downlink subframe. The scheduling timing for DL cross-carrier scheduling is same as Rel-8/9/10. This option cannot provide a peak data rate as high as option 1, but it requires almost no additional standardization effort since the scheduling methods can be considered as implementation issues. 
The comparison of the above two options is shown in Table 1. 
Table 1: Comparison of the options for the issue of DL cross-carrier scheduling
	
	Pros
	Cons

	Option 1
(cross-subframe scheduling)
	· All the DL resource can be fully utilized.
	· Additional specification work needed, e.g., DL_index. 

	Option 2
(restricted scheduling)
	· Small standard effort. 
	· A DL subframe cannot be cross-carrier scheduled when it is an UL subframe in the PCell. 


In conclusion, we prefer option 2 since it still has the higher throughput than single serving cell and it could significantly reduce the efforts of standardization.
Proposal 2: We prefer not to support cross-carrier scheduling for the DL subframe when it is an UL subframe in the PCell. The scheduling timing for DL cross-carrier scheduling is same as Rel-8/9/10.
3.2 HARQ-ACK timing for DL cross-carrier scheduling

In this section, we discuss the details on HARQ-ACK timing design according to option 2 as proposed in Section 3.1., where the DL subframes on SCell that can be cross-carrier scheduled are always a subset of the DL subframes on PCell. Either the HARQ-ACK timing of SCell itself or that of PCell could be considered for the HARQ-ACK timing for the SCell, though there is some potential problem if HARQ-ACK timing of SCell itself is used. 

As shown in Fig. 2, the SCell DL subframe 1 is cross-carrier scheduled by a DL_grant in PCell subframe 1. Following HARQ-ACK timing of SCell itself, The PUCCH ACK/NACK for SCell DL subframe 1 is reported in subframe 7 on the PCell, but the implicit format 1a/1b resource linked to DL_grant in PCell subframe 1 is allocated in subframe 8 instead of subframe 7. Hence, the implicit PUCCH format 1a/1b resource may not be available in the timing for ACK/NACK transmission, if SCell HARQ-ACK timing itself is used, which results in additional standardization effort to specify new resource allocation methods for ACK/NACK transmission schemes. 
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Fig. 2: Absence of implicit resource of PUCCH format 1a/1b

On the contrary, the above problem does not exist if HARQ-ACK timing of PCell is reused for SCell. As shown in Fig. 3 with the same CA configuration as Fig. 2, if following HARQ-ACK timing of PCell, the PUCCH ACK/NACK for SCell DL subframe 1 is reported in subframe 8 on the PCell, which is exactly the location for the implicit format 1a/1b resource linked by DL_grant in PCell subframe 1 as defined in Rel-8/9/10. That is, the implicit format 1a/1b resource linked to DL_grant is always present in the timing for ACK/NACK transmission for the corresponding PDSCH on SCell. Hence, the resource allocation method defined in Rel-10 can be completely reused. 
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Fig. 3: Presence of implicit resource of PUCCH format 1a/1b
Proposal 3: The HARQ-ACK timing of PCell is reused for HARQ-ACK feedback in response to a PDSCH transmission on SCell. 
4 Timing design for UL cross-carrier scheduling

For UL cross-carrier scheduling, it is a little more complicated than that for DL, because the combination of different TDD configurations may need different timing design for UL scheduling. In addition, the PHICH timing may also be different for the different combination. In this section, the timing of UL scheduling and PHICH feedback is analyzed in three cases. 

· Case 1: The UL subframes on the PCell are the superset of those on the SCell 
In this case, some UL subframes on the DL-heavier carrier may not be cross-carrier scheduled by following its own scheduling timing, because the original scheduling subframe based on its own timing may be a UL subframe on the UL-heavier carrier. For instance as shown in Fig. 4, based on the original timing, the subframe 3 for scheduling subframe 7 on the SCell is a UL subframe on the PCell. 
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Fig. 4: Case 1: UL heavier cell carries PDCCH
It is straightforward to cross-schedule the DL-heavier carrier and also the PHICH transmission by following the timing of the UL-heavier carrier. 
· Case 2: The UL subframes on the SCell are the superset of those on the PCell.
In this case, the DL subframes of SCell is the subset of the PCell. We could always find the corresponding DL subframes on PCell to transmit the UL_grant according to the HARQ timing of SCell. As shown in Fig. 5, subframes 7 and 8 on the SCell are cross-carrier scheduled by the subframes 1 and 4 on the PCell, respectively. But, there may be no legacy PHICH resource in the PCell DL subframe carrying UL grant for SCell. The options to handling PHICH issue are discussed in section 4.1. 
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Fig. 5: Case 2: DL heavier cell carries PDCCH

· Case 3: For the combination of UL-DL configurations not covered by Case 1 and Case 2
There are three combinations which include the combination (UL-DL configuration)2+(UL-DL configuration)4, 2+3, and 1+3. Considering that these configurations in special cases are not the typical cases in the system deployment, we propose not to support these three combinations so as to simplify the standardization work.
 Proposal 4: 

· The HARQ timing of the PCell is used for SCell, if the PCell is UL-heavier than cross scheduled carrier;

· The HARQ timing of the SCell itself is used, if PCell is DL-heavier than SCell; 

· The special aggregation combinations (UL-DL configuration) 2+(UL-DL configuration)4, 2+3, 1+3 are not supported for inter-band TDD CA with different configurations. 
4.1 Handling PHICH issue
As shown in Fig. 6, the SCell follows its own UL scheduling timing since PCell is DL-heavier than SCell. The DL subframe 1, 4, 6 and 9 in PCell could be used to carry UL_grant or PHICH for the corresponding UL subframe on SCell (following SCell UL timing). However,  the backward compatible PHICH resource is not  available at these subframes  on PCell. 
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Fig. 6: no legacy PHICH resource on subframe 1, 4, 6, 9 on PCell
Some possible options could be considered to solve this PHICH issue as below. A comparison among those solutions is provided in Table 2. 

Option 1: Reserve non backward compatible PHICH resource in such subframes. 

Option 2: No PHICH feedback for such subframes, and UL grant for retransmission is used to indicate HARQ-NACK. 

Option 3: New PHICH timing is introduced. 

Table 2: Comparison of the options for PHICH handling
	
	Pros
	Cons

	Option 1

(Non backward compatible PHICH resource)
	· PHICH timing not modified. 
	· Additional specification work for new PHICH resource reservation. 

	Option 2

(No PHICH feedback)
	· Simple.

· PHICH timing not modified.
	· More UL_grant overhead for retransmission. 

	Option 3

(New PHICH timing)
	· Backward compatible PHICH resource can be used. 
	· Additional specification work for new PHICH timing.


Proposal 5: FFS on the options to handle the PHICH transmission problem. 
5 Conclusion
In this contribution, we discuss the motivation and timing design principles for supporting cross-carrier scheduling in case of inter-band TDD CA with different UL-DL configurations. The proposals are given as following: 
Proposal 1: We propose to confirm the current WA to support cross-carrier scheduling for UE with different UL-DL configurations between inter-band aggregated TDD cells.
Proposal 2: We prefer not to support cross-carrier scheduling for the DL subframe when it is an UL subframe in the PCell. The scheduling timing for DL cross-carrier scheduling is same as Rel-8/9/10.

Proposal 3: The HARQ-ACK timing of PCell is reused for HARQ-ACK feedback in response to a PDSCH transmission on SCell.
Proposal 4: 

· The HARQ timing of the PCell is used for SCell, if the PCell is UL-heavier than cross scheduled carrier;

· The HARQ timing of the SCell itself is used, if PCell is DL-heavier than SCell; 

· The special aggregation combinations (UL-DL configuration) 2+(UL-DL configuration)4, 2+3, 1+3 are not supported are not supported for inter-band TDD CA with different configurations. 

Proposal 5: FFS on the options to handle the PHICH transmission problem. 
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