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1 Introduction

In the RAN1 #68 meeting, some agreements were achieved on PUSCH scheduling and HARQ timing for the inter-band TDD CA with different UL-DL configurations [1]. 
In this contribution, we discuss the remaining issues for the cross-carrier scheduling for inter-band TDD CA with different configurations, including DL cross-subframe scheduling, PUSCH scheduling and HARQ timing design for UL cross-carrier scheduling. 

2 DL cross-carrier scheduling 
For DL cross-carrier scheduling, we only discuss the timing between PDCCH transmission and associated PDSCH transmission in this contribution, and the PDSCH HARQ timing for both non cross-carrier and cross-carrier scheduling is discussed in another contribution [2]. 

When the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration, there are DL subframes on the cross-scheduled cell which cannot be cross-scheduled based on the Rel-8 timing if these subframes are UL on the cross-scheduling cell at the same time. For instance as shown in Fig. 1, DL subframes 3 and 8 on the SCell cannot be cross-scheduled based on the Rel-8 timing, since subframes 3 and 8 on the PCell are UL subframes. 
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Fig. 1. Scheduling timing issue for DL cross-carrier scheduling 

Two options could be used to solve this problem as below:

Option 1: Cross-subframe scheduling is introduced for the DL subframes on the cross-scheduled cell if these subframes are UL on the cross-scheduling cell at the same time. 
Option 2: Restrict the subframes supported by cross-carrier scheduling, if these subframes are UL on the cross-scheduling cell at the same time. 

By option 1, DL peak date rate can be maximized by fully utilizing all DL subframe resources. However, special design is required to support the cross-subframe scheduling. The timing between the cross-subframe PDCCH and PDSCH has to be introduced considering the scheduling latency, and possible PDCCH load balance. In addition, a DL_index similar as the UL_index for TDD UL-DL configuration 0 should be included in the DL_assignment, which would complicate both the specification and implementation. 

By Option 2, cross-carrier scheduling is only supported in the subframes when both cross-scheduling cell and cross-scheduled cell are DL subframes. Option 2 cannot provide the DL peak data rate as high as option 1, but it is simple for implementation and it requires almost no extra standardization effort.  If we take the complexity into account for both the specification and implementation, cross-subframe scheduling is not preferred in Rel-11. Instead, it can be considered in the future releases, e.g., Rel-12. 

Proposal 1: 
Downlink cross-carrier scheduling is only supported in the subframes when both cross-scheduling cell and cross-scheduled cell are DL subframes. Multiple subframes scheduling or cross-subframe scheduling can be considered in the future releases.
3 UL cross-carrier scheduling

3.1 Applicable cases for UL cross-carrier scheduling
According to the agreement of the RAN1 #68 meeting [1] as below, the analysis for whether to support the FFS scenarios are provided. 
· For uplink cross-carrier scheduling, the cases that are supported in Rel-11 are:
· At least for the case where the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· Other cases are FFS
Case 1: Whether to support the case that the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration, and the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10 ms (TDD UL-DL configuration 0 and 6)
Among the existing TDD UL-DL configurations 0-6, only configurations 0 and 6 have the UL HARQ RTT which is not equal to 10 ms. Also TDD configuration 0 and 6 have equal or more UL subframes than DL subframes, if we consider the TDD system configuration flexibility to support UL traffic heavy scenarios, TDD configuration 0 and 6 should be applicable to aggregate with other TDD configurations. In addition, a UL heavy cell may be used as the cross-scheduling cell to enhance the UL control signaling in the case of CA-based HetNet. 
Observation 1: 

The case should be supported that the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration, and the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10 ms (TDD UL-DL configuration 0 and 6). 
Case 2: Whether to support the case that the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration
The case 2 can be divided into two sub-cases as following: 

Case 2-1: The set of UL subframes indicated by the scheduling cell SIB1 configuration is a subset of the UL subframes indicated by the scheduled cell SIB1 configuration. 
Case 2-2: The special case, where for some subframes on PCell is DL and SCell is UL, and for some other subframes the other way around. 
For case 2-1, cross-carrier scheduling is mainly used in the scenarios of CA-based HetNet for DL control channel ICIC as the motivations stated in [3]. For example, Macro and Pico cells can use different cells to mainly carry the control channels respectively. According to the conclusion in [1], UL cross-carrier scheduling for the case that the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration is already supported. Therefore, it is also reasonable to support the case that the set of UL subframes indicated by the scheduling cell SIB1 configuration is a subset of the UL subframes indicated by the scheduled cell SIB1 configuration since this case cannot be avoid in case of CA-based HetNet. 
For case 2-2, there are totally three aggregation combinations which include the combination of TDD configuration {(UL-DL configuration) 2+ (UL-DL configuration) 4}, {2+3} and {1+3}. If all the UL subframes are expected to be cross-scheduled, neither of the timing of the cross-scheduling and cross-scheduled cells can be followed. In addition, as these three combinations are not the typical cases in the system deployment, we prefer to support them only if there is clear need of such combination scenarios. 

Observation 2: 

The case that the set of UL subframes indicated by the scheduling cell SIB1 configuration is a subset of the UL subframes indicated by the scheduled cell SIB1 configuration should be supported. 
Proposal 2: 

The special combinations of configurations {2+4}, {2+3} and {1+3} should be supported only if there is clear need of such combination scenarios. 
3.2 PUSCH Scheduling and HARQ timing design for UL cross-carrier scheduling
The UL scheduling and PUSCH HARQ timing refers to the timing for the UL_grant on the cross-scheduling cell to the associated PUSCH transmission on the cross-scheduled cell, and the timing for the PUSCH transmission on the cross-scheduled cell to the associated PHICH feedback on the cross-scheduling cell, respectively. 
Based on the agreement from RAN1 #68 meeting, the timing design is discussed with the two cases discussed above: 

Case 1: The set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration, and the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10 ms (TDD UL-DL configuration 0 and 6). 
According to the PUSCH scheduling and HARQ timing of TDD UL-DL configuration 0 and 6, an initial PUSCH transmission and the retransmissions for the same HARQ process may occur in different UL subframes since the RTT is not equal to 10ms [4]. While for the other UL-DL configurations with 10ms RTT, a given subframe number is always linked to the same HARQ process. For example, assuming one PUSCH initial transmission in subframe 3 scheduled by UL_grant in subframe 6 (denoted as UL_grant -> initial PUSCH: 6 -> 3), the subsequent retransmissions for the PUSCH occur in different UL subframes (denoted as UL_grant/PHICH -> retransmitted PUSCH: 0 -> 4, 0 -> 7, 1 -> 8, 5 -> 9, 5 -> 2). 

Therefore, when a cell with TDD configuration 0/6 is configured as the cross-scheduling cell to schedule another cell with other TDD configurations, the PUSCH retransmission timings are different between the scheduling cell and the scheduled cell. For example as shown in Fig. 2 (configuration 0 and 1 are aggregated), a initial PUSCH in subframe 3 is cross-scheduled, and according to the original timing of configuration 0, the first retransmission timing for the PUSCH occurs on subframe 4 (UL_grant/PHICH -> PUSCH: 0 -> 4), but subframe 4 on the cross-scheduled cell is a DL subframe. 
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Fig. 2. Timing design when configuration 0 is configured as the cross-scheduling cell 

One possible solution can be that PUSCH scheduling and HARQ timing of cross-scheduled cell follows the subsequent PUSCH retransmission timing of the cross-scheduling cell (configuration 0), which can be UL_grant/PHICH -> PUSCH: 0 -> 7. This is also consistent as the current scheme that the cross-scheduled cell follows the timing of the scheduling cell SIB1 configuration when the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration, but only part of the timing of the scheduling cell SIB1 configuration is followed. 
Furthermore, when TDD configuration 0 as the cross-scheduling cell is aggregated with the cross-scheduled cell with PUSCH RTT of 10 ms, no UL_index is needed since each UL subframe on the cross-scheduled cell can be a one-to-one mapping to a DL subframe on the cross-scheduling cell. For example, according to the original UL timing of TDD configuration 0, one PUSCH initial transmission in subframe 2 can be scheduled by the UL_grant transmitted in both subframe 5 and 6. However, if the UL timing of TDD configuration 0 is followed by a cross-scheduled cell with PUSCH RTT of 10 ms, only one branch of the above timing is needed, that is, one PUSCH initial transmission in subframe 2 can be cross-scheduled only in subframe 5 or 6 on the cross-scheduling cell with TDD configuration 0. 
Proposal 3: 
When the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration, and the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10 ms (TDD UL-DL configuration 0) in case of UL cross-carrier scheduling, two options can be considered as below: 
· The cross-scheduled cell follows the PUSCH scheduling and HARQ timing of the scheduling cell SIB1 configuration.  
· If the UL subframe for a PUSCH retransmission is not available on the SCell, the PUSCH scheduling and HARQ timing for the PUSCH retransmission should follow the timing of the next available UL subframe. 

Case 2-1: The set of UL subframes indicated by the scheduling cell SIB1 configuration is a subset of the UL subframes indicated by the scheduled cell SIB1 configuration. 
In this case, according to the timing of the cross-scheduled cell, the DL subframes carrying UL_grants to schedule the UL subframes on the cross-scheduled cell is also DL subframes on the cross-scheduling cell. Therefore, it is straightforward to keep its own PUSCH scheduling timing for the cross-scheduled cell. As shown in Fig. 3, all UL subframes on the cross-scheduled cell are cross-scheduled by the UL_grants in subframes 0,1,5 and 6 on the cross-scheduling cell, which can maximize the UE peak data rate and PUSCH resource utilization ratio. 
However, there is an issue related to the legacy PHICH resource. Specifically, when cross-scheduled cell follows its own PUSCH scheduling timing, there may be no legacy PHICH resource reserved in some DL subframes on the cross-scheduling cell. For example as shown in Fig. 3, the cross-scheduling UL_grants can be  transmitted among DL subframes 0, 1, 5 and 6, but no backward compatible PHICH resource is reserved in subframes 0 and 5. 
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Fig. 3. Timing design when the set of UL subframes indicated by the scheduling cell SIB1 configuration is a subset of the UL subframes indicated by the scheduled cell SIB1 configuration 
Considering that no new HARQ timing is introduced, the following two options can be considered to solve the issue of the legacy PHICH resource reservation. 

Option 1: Reserve non backward compatible PHICH resource in the subframe when no legacy PHICH resource exists. 

Option 2: UL grant for retransmission instead of PHICH feedback.

We do not prefer to use option 1 since the new PHICH resource requires much additional complexity for the specification and implementation. Compared with option 1, option 2 is simple to be implemented. Furthermore, considering that the HARQ retransmission is an event with relatively low probability, and also eNB can make the initial transmission for these specific subframes (without associated legacy PHICH resource) more conservatively (e.g., indicating low MCS or more RBs), option 2 can be used without causing much UL_grant overhead, when UL_grant overhead is the concerned. 
Proposal 4: 
When the set of UL subframes indicated by the scheduling cell SIB1 configuration is a subset of the UL subframes indicated by the scheduled cell SIB1 configuration, 

· The cross-scheduled cell follows its own PUSCH scheduling and HARQ timing. 
· No PHICH is transmitted if the subframe on the cross-scheduling cell has no legacy PHICH resource. 
3.3 Summary of the reference configuration for cross-scheduled cell 

According to above proposals 1-4, we summarize the reference configuration for cross-scheduled cell in case of UL cross-carrier scheduling, as shown in Fig. 4. 
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Fig. 4. The reference configuration to be followed by the cross-scheduled cell in case of UL cross-carrier scheduling

4 Conclusions
In this contribution, we discuss the remaining issues for the cross-carrier scheduling for inter-band TDD CA with different configurations, including DL cross-subframe scheduling, scheduling and HARQ timing design for UL cross-carrier scheduling. The following are proposed: 
Proposal 1: 

Downlink cross-carrier scheduling is only supported in the subframes when both cross-scheduling cell and cross-scheduled cell are DL subframes. Multiple subframes scheduling or cross-subframe scheduling can be considered in the future releases.
Proposal 2: 

The special combinations of configurations {2+4}, {2+3} and {1+3} should be supported only if there is clear need of such combination scenarios. 
Proposal 3: 

When the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration, and the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10 ms (TDD UL-DL configuration 0) in case of UL cross-carrier scheduling, two options can be considered as below: 
· The cross-scheduled cell follows the PUSCH scheduling and HARQ timing of the scheduling cell SIB1 configuration.  
· If the UL subframe for a PUSCH retransmission is not available on the SCell, the PUSCH scheduling and HARQ timing for the PUSCH retransmission should follow the timing of the next available UL subframe. 

Proposal 4: 

When the set of UL subframes indicated by the scheduling cell SIB1 configuration is a subset of the UL subframes indicated by the scheduled cell SIB1 configuration, 

· The cross-scheduled cell follows its own PUSCH scheduling and HARQ timing. 
· No PHICH is transmitted if the subframe on the cross-scheduling cell has no legacy PHICH resource. 
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