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1. Summary

In the carrier aggregation enhancement work area, 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 [2], RAN4 replied that simultaneous transmission/reception (Tx/Rx) should be considered on a band combination specific basis. Thus, depending on the band combination, UE capability and implementation, both full-duplex (with simultaneous Tx/Rx) and half-duplex (without simultaneous Tx/Rx) may need to be specified in Rel-11. 

Some specification impact questions were raised in RAN1 #66. However, the answers to these questions may vary based on whether simultaneous Tx/Rx is applied. In this contribution, we provide our views on these questions for both the full-duplex and half-duplex cases. 

2. Half-duplex and full-duplex support with inter-band CA

For inter-band CA, each band may have its own power amplifier and filter.  Full-duplex may be supported for simultaneous transmission on a cell in one band and reception on another cell in a different band. Thus, full-duplex achieves better channel usage, and provides maximum benefit for inter-band CA. Furthermore, full-duplex may have less specification impact since most scheduling and HARQ timing of Rel-10 can be reused.

With half-duplex, in a subframe with different uplink and downlink allocations in different bands, a UE can perform either uplink transmission(s) in cell(s) with uplink allocations or downlink receptions in cell(s) with downlink allocation(s), but not both. The cells with a different allocation cannot be used with half-duplex, which causes loss of UE capacity. Half-duplex may be necessary for reduced implementation cost and/or limitations on UE capability. However, half-duplex may require more efforts on the specifications on cross carrier scheduling and HARQ timing. 
Therefore, full-duplex should be supported for inter-band CA of TDD with different configurations. Half-duplex may also be supported as complementary for UEs with reduced functions, but at the cost of higher specification effort. 
3. Response to specification impact questions 

· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

For full-duplex operation, each cell or band may maintain its own scheduling. Thus, the system may operate even without cross-carrier scheduling. Cross-carrier scheduling may also be supported to have more flexibility with the tradeoff of extra complexity. For half-duplex operation, cross-carrier scheduling may be supported. However, further study may be needed on scheduling timing and cross-TTI scheduling.

· How many bands are supported? 

We think the number of bands should be the number of TDD configurations. Limiting the number of bands to 2 ignores some scenarios, e.g. CA with 3 bands where 2 bands have the same TDD configuration which is different from the third band. 

Limiting the number of different TDD configurations to two can simplify the design. Although more than two TDD configurations is rather unlikely, the limitation on the number of bands is not necessary. 

· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

We think that no restriction on the combinations of UL-DL configurations is needed. However, some restrictions may be applied to simplify the design, e.g., PCell should have the same or smaller periodicity than SCell, combinations may be avoided that results in undefined UL-DL allocations when forming a superset by combining all UL allocations (such as Config 2 + Config 3, and Config 2 + Config 4).

· Is PUCCH still transmitted on only 1 CC?

For half-duplex operation, PUCCH should be transmitted on only one CC. For full-duplex operation, it is possible to have PUCCH transmitted on each band. However, a common PUCCH feedback design is desirable for both full-duplex and half-duplex. Therefore, we suggest that PUCCH still be transmitted on only one CC.

· Is PUCCH always on the PCell?

We are open on this question with slight preference of PUCCH on PCell only.

For both half-duplex and full-duplex operations, PUCCH always on the PCell is a simple solution that is compliant with the Rel-10 concept of UCI reporting on PCell only. 
In a subframe where PCell is downlink and SCell is uplink, it is possible to have PUCCH on a SCell. In the half-duplex case, using PUCCH on both PCell and SCell combines all uplink allocations from all bands, and leads to low spectrum efficiency with less downlink subframes and unnecessary uplink allocations.

· Is PHICH transmitted on the cell carrying the UL grant?

Yes, this is a natural extension of Rel-10. 

· Same HARQ timing rules as in Rel-10?

Two kinds of HARQ timing rules should be discussed separately.

1) PUSCH HARQ-ACK feedback on PHICH or PDCCH 

For full-duplex, PUSCH HARQ timing should be the same as in Rel-10. For half-duplex, PUSCH HARQ timing in a band may be modified, e.g. in a subframe with conflicting settings in different bands, the DL in the band may be disabled if the subframe is set as uplink following another band. 

2) PDSCH HARQ-ACK feedback on PUCCH or PUSCH 

For both full-duplex and half-duplex, the same HARQ timing rules as in Rel-10 should be maintained at least for the PCell. For SCell, depending on the PUCCH design, ACK/NACK feedback on PUCCH or PUSCH for PDSCH transmission on the SCell may be the same as or different from in Rel-10. 

Different HARQ timing is needed for the SCell if PUCCH is always transmitted on PCell. Otherwise, the HARQ-ACK bits of a SCell may be dropped in a subframe where the PCell is downlink and SCell is uplink.

Different HARQ timing may also be desirable to balance the number of HARQ-ACK bits on each PUCCH transmission. For example, if the PCell has Configuration 6 and SCell has Configuration 5, the PUCCH in subframe #2 needs to carry 1 bit of HARQ-ACK from PCell and 9 bits of HARQ-ACK from Scell, thus a total of 10 bits of HARQ-ACK on PUCCH Format 3. The PUCCH in other uplink subframes (#3, #4, #7, #8) on PCell carries only 1 bit of HARQ-ACK. This will cause serious issues for uplink power control, PUCCH coverage, and PUCCH resource allocation.
Therefore, the same PDSCH HARQ timing rules as in Rel-10 should be used for the PCell, and the PDSCH HARQ timing rules of SCell should FFS considering the PUCCH design.

· Same scheduling timing as in Rel-10?

Yes, the Rel-10 scheduling timing should be reused as much as possible. For full-duplex operation, the same timing as in Rel-10 can be re-used for both per CC scheduling and cross-carrier scheduling. For half-duplex operation, some new cross-carrier scheduling timing may be needed. Thus, there are more specification impacts with half-duplex operation. 

4. Conclusions

In consideration of inter-band CA with different TDD configurations, we propose that
· Both full-duplex (simultaneous Tx/Rx) and half-duplex (no simultaneous Tx/Rx) should be considered in the design.

· A unified design on PUCCH allocation, scheduling and HARQ timing is desirable for both full-duplex and half-duplex.

· The same PDSCH HARQ timing rules as in Rel-10 should be used for the PCell, and the PDSCH HARQ timing rules of SCell should be FFS taking into account the PUCCH design.
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