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1 Introduction

For inter-band TDD with different UL-DL configurations, working assumptions were achieved for the remaining issues of HARQ timing in the RAN1 #70 meeting [1]. The current PUSCH HARQ timing in case of UL cross-carrier scheduling and PDSCH HARQ timing in case of both self-carrier and cross-carrier scheduling are summarized in Figure 1 and Figure 2 in the Appendix, respectively. 

There are also some issues considering the current agreement and working assumptions:
For PUSCH HARQ timing of Case D, there are combinations where all the UL subframes cannot be cross-scheduled if the cross-scheduled cell’s own timing is followed, including {cross-scheduling cell, cross-scheduled cell} aggregation combinations of {0, 2}, {0, 4}, {0, 5}, {6, 2} and {6, 5}. 
For PDSCH HARQ timing, there are cases where the reference configuration for the SCell is different from the SCell SIB1 configuration. So, the issue of soft buffer partitioning needs to be considered. 

In this contribution, the above remaining issues are analyzed and the preferred proposals are given. 
2 PUSCH HARQ timing for Case D
Case D is 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. Among the aggregation combinations in Case D, if following the current working assumption that the reference configuration is the cross-scheduled cell, there are some combinations, e.g., {0, 2}, {0, 4}, {0, 5}, {6, 2} and {6, 5}, where all the UL subframes cannot be cross-scheduled. Therefore, the working assumption for Case D needs to be reconsidered. 

Another alternative for case D HARQ timing is to use the configuration of the cross-scheduling cell as the reference configuration. However, there is an issue that a UL subframe for PUSCH retransmission after an initial PUSCH transmission cannot be found. For example as shown in Figure 3 where configurations 0 and 2 are aggregated, an initial PUSCH in subframe #2 is cross-scheduled, and according to the original timing of configuration 0, the first retransmission timing for the PUSCH occurs in subframe #3, but subframe #3 on the cross-scheduled cell is a DL subframe. If the cross-scheduled cell follows its own timing, all the UL subframes cannot be cross-scheduled. 
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Figure 3. Timing design when configuration 0 is configured as the cross-scheduling cell
One solution is to leave the above retransmission issue to implementation. Specifically, if the UL subframe for PUSCH transmission according to the scheduling serving cell’s HARQ 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 scheduling serving cell’s HARQ timing. 

Observation: 

The above issues, which all UL subframes on a scheduled cell cannot be cross-scheduled, should be considered.  
3 Soft buffer partitioning
3.1 Issue description
In the process of the rate matching defined in Rel-10 [2], the soft buffer size for a code block Ncb is obtained by 
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 is the number of bits at the output of sub-block interleaver, and NIR is the soft buffer size for the TB denoted by: 
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where Nsoft is the total number of soft channel bits, KC is parameter related to UE category, MDL_HARQ is the maximum number of DL HARQ processes, Mlimit is equal to 8, and KMIMO is equal to 2 if the UE is configured with transmission mode of 2 TBs and is equal to 1, otherwise. 

For the UE storing received soft channel bits in Rel-10 [3], if the UE is configured with more than one serving cell, for each serving cell, for at least 
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 transport blocks, upon decoding failure of a code block of a transport block, the UE shall store received soft channel bits corresponding to a range of at least 
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In Rel-10, the maximum number of DL HARQ processes MDL_HARQ of a serving cell is listed as Table 1 [3]. 
Table 1: Maximum number of DL HARQ processes for TDD

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	7

	2
	10

	3
	9

	4
	12

	5
	15

	6
	6


For inter-band TDD CA with different UL-DL configurations, the PCell follows its own PDSCH HARQ timing, and the SCell follows the PDSCH HARQ timing of a reference configuration. So for the PCell and the SCell whose reference configuration is the SCell SIB1 configuration, the Rel-10 scheme for soft buffer partitioning can be reused. However, if the reference configuration for the SCell is different from the SCell SIB1 configuration, including Case A and Case C for DL self-carrier scheduling and all cases for DL cross-carrier scheduling, the soft buffer partitioning needs to be considered. 
For instance as shown in Figure 4, where PCell with configuration 1 and SCell with configuration 0 are aggregated, SCell should follow the PDSCH HARQ timing of the PCell. Originally, SCell’s maximum DL HARQ processes is 4 according to configuration 0 in Table 1, but the maximum DL HARQ processes of the SCell is 5 considering the reference configuration is different from the SCell SIB1 configuration. So, the maximum DL HARQ processes needs to be decided for the SCell. 
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Figure 4. Maximum DL HARQ processes for SCell is 5
3.2 Candidate solutions
There are three candidate solutions for deciding the parameter MDL_HARQ. 
Option 1:  MDL_HARQ is determined by the Rel-10 scheme which follows the SCell SIB1 configuration. 

Option 2: MDL_HARQ is determined by the actual maximum DL HARQ processes of the aggregation combinations. 

Option 3: MDL_HARQ is determined by the reference configuration that the SCell follows. 
Option 1 has impact to the HARQ IR performance since the actual maximum DL HARQ processes is larger than that of the SCell SIB1 configuration. For example as shown in Figure 4, following option 1, the UE needs to store at least
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bits for each code block. However, if all the five available DL subframes are scheduled, as shown in Figure 4, and when all the DL-SCHs are not correctly received by the UE, the UE would not have enough buffers to store the soft channel bits according to option 1, which would degrade the HARQ performance. Alternatively, the eNB should introduce the scheduling restriction by scheduling 4 HARQ process at most, even though five DL subframes are available. 
For option 2, the HARQ performance loss can be avoided. However, the MDL_HARQ is derived according to each aggregation combination in a specific way, which would bring more complexity to the implementation and standardization. 
Option 3 can be a compromise solution which can avoid the situation where the UE does not have enough buffers to store the soft channel bits, but the soft buffer of the UE may not fully utilized. For example as shown in Figure 4, the reference configuration for the SCell is configuration 1 according to Figure 2, and the maximum DL HARQ processes for the reference configuration is 7. Therefore, following option 3, the eNB assumes the UE only stores 
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bits for each code block. 
As a tradeoff between option 1 with degradation of HARQ performance and option 2 with high implementation complexity, option 3 is the preferred solution. 

Proposal 
For the soft buffer partitioning, MDL_HARQ is determined by the reference configuration.
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 
For the soft buffer partitioning, MDL_HARQ is determined by the reference configuration.
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Case C: The set of UL subframes indicated by the scheduled cell SIB1 configuration is 

neither a subset nor a superset of the UL subframes indicated by the scheduling cell 

SIB1 configuration

Case A: 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 10 ms

Case B: The set of UL subframes indicated by the scheduled cell SIB1 configuration is 

a superset of the UL subframes indicated by the scheduling 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 not10 ms


Figure 1. The reference configuration for cross-scheduled cell’s PUSCH HARQ timing in case of UL cross-carrier scheduling
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Figure 2. The reference configuration by SCell’s PDSCH HARQ timing
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Case A: 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 10 ms


Case B: The set of UL subframes indicated by the scheduled cell SIB1 configuration is a superset of the UL subframes indicated by the scheduling cell SIB1 configuration
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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


Case C: The set of UL subframes indicated by the scheduled cell SIB1 configuration is neither a subset nor a superset of the UL subframes indicated by the scheduling cell SIB1 configuration
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Case B: The set of UL subframes indicated by the SCell SIB1 configuration is a subset of the UL subframes indicated by the PCell SIB1 configuration


Case C: The set of UL subframes indicated by the SCell SIB1 configuration is neither a superset nor a subset of the UL subframes indicated by the PCell SIB1 configuration
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