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1. Summary
In the carrier aggregation enhancement WI, it was agreed in RAN1 #66bis to support inter-band carrier aggregation (CA) of time division duplex (TDD) with different uplink-downlink (UL-DL) configurations [1]. In RAN1 #67, a working assumption was agreed to transmit PUCCH on the PCell only. Furthermore, it was agreed that there would be no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10, but FFS if there are cases where additional timing is needed or is beneficial.
In this contribution, we discuss the issues of PDSCH HARQ-ACK reporting on PCell only. Our view is that to ensure backward compatibility and reliability, the PDSCH HARQ-ACK timing on PCell should be maintained the same as Rel-10. In addition, the SCell should be modified to follow PCell timing.
2. PDSCH HARQ-ACK reporting on PCell
To be consistent with Rel-10, as well as minimizing specification impact for this feature the PUCCH or PUSCH reporting of PDSCH HARQ-ACK may be carried on the PCell only. This is also consistent with the design ethos of RAN1 that strives for a common design for both full-duplex and half-duplex operations. Intuitively, a reference TDD UL-DL configuration can be derived so that all cells may follow the timing of that reference configuration for the PDSCH HARQ-ACK timing.

For PDSCH HARQ reporting, the reference configuration may be the configuration derived from overlapping ULs in all cells [2]

 REF _Ref315678717 \r \h 
[3]

 REF _Ref315678718 \r \h 
[4]. This ensures all PDSCH subframes can be associated with an UL on the PCell. On the other hand, there are several problems with this approach:

· A different configuration from both PCell and SCell UL-DL configurations being used at a given time. If the SCell configuration changes, the reference configuration may also change.
· There are backward compatibility issues. For example in the case that the reference configuration differs from the PCell configuration, the state transition to fallback mode of the PCell configuration is not defined. A similar issue appears with SCell deactivation.
· If PCell and SCell have different periodicity, the reference configuration is forced to be 10ms even if PCell has 5 ms periodicity. This may cause additional HARQ processing delay.
· Only the overlapping ULs are used for PUCCH reporting. Thus, the HARQ-ACK payload on each report is higher and the cell coverage and PUCCH performance may be reduced.
The PCell can be thought of as the most important and most reliable cell for a UE. On the contrary, the SCell association and detachment may occur more frequently, and the SCell configuration may be changed more dramatically. The DL CA and UL CA may be configured separately and differently, e.g. a UE may be configured with CA in DL but not in UL. Furthermore, the UE may work at fallback mode in CA when only the PDCCH of PCell is detected. 
Thus, the HARQ and scheduling timing should be backward compatible with Rel-10 whenever possible. Furthermore, it is desirable that a method may work for a SCell with any TDD UL-DL configuration. 
Therefore, we propose that the reference configuration should always be set as the PCell configuration, i.e. the association timings of the PCell should be maintained the same as in Rel-10. The association timings include PDSCH HARQ-ACK timing, PUSCH scheduling and PUSCH HARQ-ACK reporting. The benefits of keeping PCell timing include
· Legacy system co-existence, and backward compatible with Rel-10;

· Consistent design regardless of the SCell configurations and the number of different TDD band configurations;
· The more reliable PCell is provided with higher priority and better utilization;

· Unified solution for full-duplex and half-duplex operations;
· The PDSCH HARQ-ACK bits are distributed in all available uplink subframes. Thus, the HARQ-ACK payload of each uplink report may be smaller, and the PUCCH coverage and reliability may be better.

For a SCell with different TDD UL-DL configuration, the PDSCH HARQ-ACK timing needs to follow the PCell uplink allocations [5]

 REF _Ref315678764 \r \h 
[6]

 REF _Ref315678765 \r \h 
[7]

 REF _Ref315678766 \r \h 
[8]

 REF _Ref315678768 \r \h 
[9]. If the PCell UL subframes are a subset of SCell UL subframes, i.e. with a DL heavy PCell configuration, the PCell HARQ-ACK timing can be applied directly on a SCell. If the PCell UL subframes are not a subset of SCell UL subframes, the SCell PDSCH HARQ-ACK timing may be modified based on the UL allocations of the PCell. The detailed method of the SCell HARQ-ACK mapping can be FFS with the principle of 
· Satisfy the (n+4) rule, i.e. the HARQ-ACK is reported in an UL subframe that is at least 4 TTI after the PDSCH transmission. 

· Reuse timings of existing configurations as much as possible;
· Distribute the HARQ-ACK bits as evenly as possible into all UL subframes in PCell.

For each PCell TDD UL-DL configuration, the modified PDSCH HARQ-ACK timing of SCell may lead to a superset mapping table that is applicable to all TDD UL-DL configurations and combinations. The superset mapping table should include all existing mappings of the PCell, and should allow the same mapping rules to be applied regardless of SCell configuration with minimum specification change.

3. Conclusions

For the PDSCH HARQ-ACK reporting of inter-band CA with different TDD configurations, we propose that
· The same PDSCH HARQ-ACK timing as in Rel-10 should be maintained for the PCell.

· The PDSCH HARQ timing of SCell should be modified based on the PCell configuration.
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