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1 Introduction

On PUSCH scheduling and HARQ timing, the agreement was made only for Case A that the set of UL subframes indicated by the scheduling cell SIB1 configuration is a superset of the UL subframes indicated by the scheduled cell SIB1 configuration [1]. 
In this contribution, the remaining cases for PUSCH scheduling and HARQ timing are analyzed, including: 
Case B: 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 C: The set of UL subframes indicated by the scheduling cell SIB1 configuration is neither a subset nor a superset of the UL subframes indicated by the scheduled cell SIB1 configuration. 

Case D: 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). 
2 Applicable cases for UL cross-carrier scheduling
· Case B
For case B, cross-carrier scheduling is mainly used in the scenarios of CA-based HetNet for DL control channel ICIC, e.g., the control channel ICIC between Macro and Pico cells. 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 avoided in case of CA-based HetNet. 
Observation 1: 

Case B should be supported while considering the control channel ICIC in HetNet scenario. 
· Case C
For case C, there are totally six aggregation combinations, which include the combinations of TDD configuration {2+4&4+2}, {2+3&3+2} and {1+3&3+1}. Furthermore, if all the UL subframes are expected to be cross-scheduled, neither the timing of the cross-scheduling cell nor the timing of the  cross-scheduled cells can be followed. We could support case C only if no big specification effort is introduced. 
Observation 2: 

Case C could be supported only if no big specification effort is introduced. 
· Case D
For case D, 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 flexibility of TDD system 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 3: 

Case D should be supported while considering the UL traffic heavy scenarios and the UL control enhancement in HetNet. 
3 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. 
3.1 Analysis for Case B
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 the 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. 1, 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. 1, 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. 

[image: image1.emf]D S

U U D D S U U D

D S U U U D S U U U

D S

U U D D S U U D

D S U U U D S

Configuration 1

(scheduling cell)

U U U

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

Configuration 0 

(scheduled cell)

Frame n-1

PHICH -> PUSCH 

(No compatible PHICH)

PHICH -> PUSCH

(Compatible PHICH)

Frame n


Fig. 1. Timing design for Case B 
One solution which could solve the issue of the legacy PHICH resource reservation is using UL grant for retransmission instead of PHICH feedback. In other words, a UE is not expected to receive PHICH transmission in the subframes where no legacy PHICH resource is reserved. Considering that the HARQ retransmission can be 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), the solution can be used without causing much UL_grant overhead, when UL_grant overhead is concerned. 
Proposal 1: 
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 (Case B), 

· The cross-scheduled cell follows its own PUSCH scheduling and HARQ timing. 
· A UE is not expected to receive PHICH transmission in the subframes where no legacy PHICH resource is reserved. 
3.2 Analysis for Case C
In this case, there are totally six aggregation combinations, which include the combinations of TDD configuration {2+4&4+2}, {2+3&3+2} and {1+3&3+1}. 
The design principle to support Case C is to reuse HARQ timing of Rel-8/9/10 so as to avoid the new timing design, at the same time, it should ensure the UL subframes can be cross-scheduled as much as possible. It should be also noticed that the timing of configuration 0 or 6 whose UL subframes are a superset of UL subframes of the cross-scheduled can be also followed, but the UL retransmission of non 10ms RTT issue needs to be solved if those 2 configurations are adopted.

Based on above considerations, we discuss the timing design case by case as following: 

For the combinations of configuration 2+3 and 2+4 with cross-scheduling cell of configuration 2, the cross-scheduled cell can follow its own PUSCH scheduling and HARQ timing to ensure all the UL subframes on the cross-scheduled cell can be cross-scheduled. 
For the combinations of configuration 3+2 and 4+2 with cross-scheduled cell of configuration 2, the cross-scheduled cell can follow the PUSCH scheduling and HARQ timing of configuration 1 to ensure all the UL subframes on the cross-scheduled cell can be cross-scheduled. 
For the remaining two combinations which are configuration 1+3 and 3+1, no current reference timing can be followed to ensure all the UL subframes on the cross-scheduled cell can be cross-scheduled. For simplicity, the timing of configuration 1 can be followed to maximize the UL resource utilization. 

Proposal 2: 

When the set of UL subframes indicated by the scheduling cell’s SIB1 configuration is neither a subset, nor a superset of the UL subframes indicated by the scheduled cell SIB1 configuration (Case C), the following options can be considered: 
· For aggregation of configuration 2+3 and 2+4, the cross-scheduled cell follows its own PUSCH scheduling and HARQ timing. 

· For aggregation of configuration 3+2, 4+2, 1+3 and 3+1, the cross-scheduled cell follows the PUSCH scheduling and HARQ timing of configuration 1. 
3.3 Analysis for Case D
For Case D, a UL subframe for PUSCH retransmission after an initial PUSCH transmission cannot be found, while it adopts the scheduling cell’s HARQ timing where the RTT is not equal to 10ms [2]. For example as shown in Fig. 2 where configuration 0 and 1 are aggregated, an 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 in subframe #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. 

Another possible solution is to leave the above issue to implementation. Specifically, if the UL subframe for PUSCH transmission according to the original timing cannot be found, eNB can temporarily pend the current HARQ process by transmitting an ACK to the UE, and then eNB can restart the process by sending UL grant when a UL subframe is available according to the original timing. 
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 (Case D), 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. 
· Implementation-based solution can be used by pending the process temporarily and restart the process by sending UL grant when a UL subframe is available according to the original timing. 
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. 3. 
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Fig. 3. The reference configuration to be followed by the cross-scheduled cell in case of UL cross-carrier scheduling

4 Conclusion
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: 

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 (Case B), 

· The cross-scheduled cell follows its own PUSCH scheduling and HARQ timing. 
· A UE is not expected to receive PHICH transmission in the subframes where no legacy PHICH resource is reserved. 
Proposal 2: 

When the set of UL subframes indicated by the scheduling cell’s SIB1 configuration is neither a subset, nor a superset of the UL subframes indicated by the scheduled cell SIB1 configuration (Case C), the following options can be considered: 
· For aggregation of configuration 2+3 and 2+4, the cross-scheduled cell follows its own PUSCH scheduling and HARQ timing. 

· For aggregation of configuration 3+2, 4+2, 1+3 and 3+1, the cross-scheduled cell follows the PUSCH scheduling and HARQ timing of configuration 1. 

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 (Case D), 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. 
· Implementation-based solution can be used by pending the process temporarily and restart the process by sending UL grant when a UL subframe is available according to the original timing. 
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