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1 Introduction
For carrier aggregation with different TDD UL-DL subframe configurations, three different UL-DL configuration combination cases were identified and discussed for PDSCH scheduling/HARQ timing. Moreover, the timing relationship was discussed separately for self-scheduling and cross-carrier because different factors and principles need to be considered and prioritized. 
Some working assumptions on DL scheduling/HARQ timing were agreed upon during RAN1 #68bis meeting. To further simplify the discussion, the working assumptions are summarized below with the open issues marked as FFS: 
· HARQ-ACK timing of PCell PDSCH should follow the PCell timing that is the same as Rel-8/9/10.
· The PDSCH Scheduling/HARQ timing on SCell shall:
·    Follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration (refers to Case A in Table.1) regardless of self-scheduling or cross-carrier scheduling. 
·    For the case (refers to Case B in Table.1) where  SCell(s) downlink subframes is a superset of PCell 
· In case of self-scheduling: 
·   For full-duplex case, SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
·   For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing. (FFS)
· In case of cross-carrier scheduling, SCell PDSCH HARQ timing should follow either P-Cell timing  or SCell timing. (FFS)
·   For the case (refers to Case C in Table.1) where the set of SCell(s) downlink subframe is neither a subset nor a superset of Pcell
·   In case of self scheduling:
·    For full duplex case, the timing table in alternative 1 is agreed [1]. 
·    For half duplex case, working assumption is the timing table in alternative 1[1]. (FFS)
·   In case of cross-carrier scheduling, 
·    SCell PDSCH HARQ timing should follow either P-Cell timing   or SCell timing. (FFS)
·    working assumption is that no restriction on the combinations of TDD UL-DL configurations on different bands. (FFS)
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Table.1: Classification of various UL-DL configuration combinations
According to the agreements mentioned above, for cross-carrier scheduling case, the timing relationship for Case B and Case C are still not decided yet, which are marked with “yellow” color in Table 1. In this contribution, we further discuss and share our views on the remaining issues for inter-band TDD Carrier Aggregation.
2 Discussion 
2.1 PDSCH HARQ timing for cross-carrier scheduling case
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Figure.1: schematically illustration of DL cross-subframe scheduling functionality for Case B
In case of cross-carrier scheduling for case B and C, PDSCH scheduling on SCell is impacted due to the lack of DL subframes on PCell to schedule transmissions on the other CCs. Cross-subframe scheduling, where more than one DL subframe can be cross-carrier scheduled at a given subframe on PCell, could provide a potential solution for this issue as shown in Figure 1. Depending on whether or not cross-subframe scheduling is supported, potential Scheduling/HARQ timing candidates are listed as below: 
· Alternative 1: When cross-subframe scheduling is not supported, it is straightforward to follow the PCell SIB1 configuration for both Case B and Case C, if cross-carrier scheduling is configured [1]. 
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Figure.2:  cross-carrier scheduling functionality predefined in Rel-10
· Alternative 2: When cross-subframe scheduling is supported, it is possible to follow the same DL HARQ timing of reference configuration that is defined for self-scheduling case [2]. 
With Alternative 1, DL HARQ timing relationship of PCell and Rel-10 cross-carrier scheduling functionality can be fully reused for PDSCH on SCell; therefore less standardization effort is needed. Meanwhile, the impact on the system throughput is expected to be minor because the conflicting subframes, i.e., the subframes with different UL-DL directions between PCell and SCell (e.g. subframes 3, 4, 8, and 9 in Figure 2), still could be used for UEs with or without CA capability with self-scheduling. However, if cross-carrier scheduling is configured, substantial degradation in peak data rate for CA capable UEs is expected because conflicting subframes would be muted implicitly and hence, not be utilized. It should be noted that this disadvantage may be alleviated by introducing the enhanced PDCCH (E-PDCCH) channel in SCell to schedule the DL resources with self-scheduling [5]. 
For Alternative 2, this approach provides the full peak data rate on DL of the scheduled cell and may be a better choice since one of the identified benefits of supporting inter-band TDD CA with different configurations is to increase the downlink peak data rate. However, this would result in substantial complexity increase, not only in terms of additional specification, implementation, and testing efforts, but also have severe impact on the eNB scheduler, e.g. service prioritization policies and frequency- and spatial-domain beamforming scheduling and coordination [6], [7]. Moreover, if cross-carrier scheduling is configured, the resource allocation issue for PUCCH format 1b with channel selection needs to be solved either by eNB scheduler coordination or by modifying the existing Rel-10 mapping rules. 
Table 2 presents the attributes for the two alternatives in case of cross-carrier scheduling. 
Table.2: Comparison of the attributes of two alternatives

	
	Impact on system throughput
	Peak Data Rate
	eNB Scheduler Complexity
	Standardization/ Testing efforts

	Alternative 1
	None
	Lower
	Lower
	Less

	Alternative 2
	None
	Higher
	Higher
	More


Based on the above discussion, tradeoff between peak data rate performance and additional implementation flexibility/ testing/standardization efforts may not be avoided. Considering the available time remaining within the Rel-11 timeframe, we slightly prefer Alternative 1 for Case B and Case C in case of cross-carrier scheduling. Note that cross-subframe scheduling functionality could potentially be supported in future LTE releases.
We still prefer not to have any restriction on the configuration combination in order to simplify the core specifications. Specific configuration combinations are the choices of the operators to suit their particular deployment and application scenarios. Combination-dependent solutions are not preferred, unless there are strong motivations and/or significant performance benefits of doing so. Based on the above analysis, we propose
Proposal 1: For PDSCH HARQ timing in cross-carrier scheduling case, no restriction on the combinations of TDD UL-DL configurations on different bands is imposed, thus confirming the current working assumption agreed during RAN1 #68bis meeting.
Proposal 2: For PDSCH HARQ timing in cross-carrier scheduling case, SCell PDSCH HARQ timing follows the PCell SIB1 configuration for Case B and Case C, in case of cross-carrier scheduling.  
2.2 UL/DL prioritization in conflicting subframes for half-duplex UEs
Another open issue for half-duplex UEs with self scheduling is on the prioritization of transmission direction for conflicting subframes. For half-duplex UEs, possible candidates for UL/DL prioritization in conflicting subframes include: 
· Alternative 1: always follow the transmission direction of the PCell 
· Alternative 2: dynamically determined based on network configuration 
With alternative 1, the direction of conflicting subframe on PCell is always prioritized. On the other hand, Alternative 2 relies on the eNB scheduler for the transmission direction prioritization and potentially could provide some operational flexibility for network operators. Essentially, the difference between Alternative 1 and 2 is whether SCell resources in conflicting subframe is conditionally utilizable or not.
The choice for the above issue should be based on the usual metrics of: 
· Specification efforts: With Alternative 1, the Rel-10 HARQ timing of PCell can be straightforwardly reused for both PCell and SCell in order to minimize specification changes. This alternative clearly maximizes reusing the predefined Release 8/9/10 HARQ timing rule and also fully supports the principle that RAN1 design is agnostic to the number of supported bands and TDD configuration combinations. It should be noted that, for Alternative 2, additional issues (e.g. DL cross-subframe scheduling functionality, ePHICH channel design and implicit PUCCH resources mapping) need to be solved if cross-carrier scheduling is configured and would require substantial standardization efforts. 
· DL throughput performance: Considering the typical usages in real deployments, the demand for downlink data rate is much higher than the uplink. Therefore, performance of DL resource utilization efficiency should be regarded as an important indicator. As the majority of seven supported TDD DL/UL configurations are DL heavy cases (except configuration 0) and inevitably multiple DL subframes are associated with a single UL subframe for HARQ-ACK feedback, one single UL blocked/muted subframe in PCell could potentially lead to multiple DL subframes being blocked and consequently, may not be scheduled in PCell. Therefore, per discussion in our previous contribution [4], Alternative 1 is the best choice by eNB to provide highest DL resource utilization efficiency performance. 
· Implementation/Testing complexity aspect: With Alternative 2, new TDD UL-DL reference configurations beyond those specified in Rel-8/9/10 may occur. Generally speaking, new UL-DL configurations would be generated in many cases, as is evident from the examples shown in Figure 3a when conflicting subframes are always prioritized as UL subframes or alternatively as shown in Figure 3b. So, Alternative 2 can be seen to introduce substantial constraints on the choice of which subframes may be used for data transmission for half-duplex UEs thereby resulting in additional implementation and testing complexity. 
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Figure 3: new TDD UL-DL configurations with Alternative 2.
· UE power consumption: Alternative 2 requires a half-duplex UE, not capable of simultaneous transmission/reception in different band, to monitor DL subframes on SCCs that can potentially carry PDCCH and PHICH for possible scheduling information if it has not been instructed to perform UL transmission on any cell during a conflicting subframe. Therefore, additional battery power consumption at the mobile terminal is expected. 
While there is no practical difference between the two alternatives with respect to maximum DL throughput performance, the alternative of following PCell direction offers more robust operation and is far superior to the latter alternative in terms of specification complexity, UE power consumption and testing/implementation aspects, therefore we propose: 
Proposal 3: For half-duplex UEs, UL/DL prioritization in conflicting subframes always follows the transmission direction of the PCell. The PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration. 
3 Conclusions
In this contribution, we provide our views on DL scheduling/HARQ timing for inter-band TDD CA. Based on the discussion, it seems always following PCell configuration (Alternative 1) is much simpler in term of implementation complexity, testing, and standardization efforts at the cost of a marginal degradation on system throughput. Therefore, we propose: 
· For PDSCH HARQ timing in cross-carrier scheduling case: 
·   Proposal 1: No restriction is imposed on the combinations of TDD UL-DL configurations on different bands.
·   Proposal 2: SCell PDSCH HARQ timing follows the PCell SIB1 configuration for Case B and Case C, in case of cross-carrier scheduling. 
· For half-duplex UE: 
·   Proposal 3: UL/DL prioritization in conflicting subframes always follows the transmission direction of the PCell. The PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration. 
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