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1 Introduction
In RAN1#66bis, support of inter-band CA of TDD carriers with different UL-DL configurations on different bands was agreed. And some questions raised are being discussed on the email reflector. In this contribution, we elaborate a bit our views on those open issues.

2 Discussions
2.1 Whether to support cross-carrier scheduling
One scenario of interest to apply inter-band CA with different TDD UL-DL configuration on different bands is CA based het-net as discussed in [1]. In R10, cross-carrier scheduling is introduced for some purposes, e.g. PDCCH load balancing and CA based eICIC in het-net scenario, which can be also applied and beneficial for inter-band CA with different TDD UL-DL configurations. Moreover, as discussed in [1][2], support of cross-carrier scheduling between cells with different UL-DL configurations is feasible and not very complicated. It is our view that concern on standard impact can be mitigated e.g. by scheduling restriction or limiting the cases where cross-carrier scheduling is permitted. 
Proposal 1: Cross-carrier scheduling is supported for the case of aggregating TDD cells with different UL-DL configurations. 
2.2 The number of bands to be aggregated
Considering typical application scenarios of inter-band CA with different UL-DL configuration given in [1], het-net scenario and co-existence requirement, it seems aggregating cells on two bands is sufficient because two different UL-DL configurations among aggregated cells can satisfy the requirement of co-existence or realistic het-net deployments, e.g. one specific UL-DL configuration on one band is for co-existence, another UL-DL configuration on another band is for traffic adaptation; or one UL-DL balanced configuration on one band is for macro cell, another DL heavy UL-DL configuration is to guarantee DL throughput in hotspots. In addition, taking RAN4 working load into account, it is better not to support more than 2 bands in R11 (notes: there is no TDD inter-band WI in RAN4 yet).
Proposal 2: for inter-band TDD CA with different UL-DL configurations, at most 2 bands can be aggregated in Rel-11.
2.3 Restriction on combinations of UL-DL configurations

To support inter-band CA with full flexible UL-DL configuration, it could bring quite lots of work load in each working group. In particular, scheduling timing and HARQ timing would be very messy considering cross-CC scheduling. By limiting the combinations where cross-carrier scheduling is allowed, standard impact can be easily reduced. In addition, for some combinations, though inter-band DL CA with cross-carrier scheduling can work well by reusing current HARQ and scheduling timing relationship, great efforts can be expected to make inter-band UL CA with cross-carrier scheduling workable due to synchronous HARQ in UL, e.g. for CA with {cell 1: configuration 0, cell 2: configuration 2}, new HARQ timeline is required regardless of which cell is scheduling cell, but cross-carrier scheduling may have limited impact on DL HARQ thanks to asynchronous HARQ in DL. So it is useful to configure UL CA and DL CA independently, then for some combinations only inter-band DL CA is supported if support of inter-band UL CA requires very complicated solution. To limit the specification efforts, we propose:

Proposal 3: it is desirable to restrict the combinations of UL-DL configurations for inter-band CA, especially for the case of cross-carrier scheduling. Inter-band TDD DL CA and UL CA should be configured independently, and then it is possible to restrict the use of inter-band UL CA for some combinations independently.

2.4 PUCCH issues
Is PUCCH still transmitted on only 1 CC?
In Rel-10, PUCCH transmission is restricted to only Pcell to avoid high PAPR of multiple PUCCHs transmission. Though transmitting multiple PUCCHs without PAPR problem is possible in R11 due to the possible implementation that multiple RF chains are deployed for inter-band TDD UL CA, it imposes that capability of inter-band DL CA should be tied with capability of inter-band UL CA. Our understanding is that DL CA should be independent of inter-band UL CA such that DL CA can be supported even if UE only can transmit single UL CC, as in R10. We do not see the need of transmitting multiple PUCCHs to support inter-band CA with different UL-DL configuration from HARQ timing point of view. In addition, it is not justified that multiple PUCCHs transmission can either simplify the implementation or reduce the standard efforts. It should be noted that multiple PUCCHs transmission will bring additional issues, e.g. power scaling and handling of UL signals coinciding in same subframe.
Proposal 4:  PUCCH is still transmitted on only one cell.
Is PUCCH always on the PCell?
As observed in [1], PUCCH on Pcell may not be available for ACK/NACK feedback corresponding to some DL HARQ processes on Scell, if Pcell’s UL-DL configuration is DL heavy with respect to Scell’s (lack of UL subframe on Pcell). This is a general issue relevant for both self-scheduling and cross-carrier scheduling. To maximize resource utilization for UEs supporting simultaneous Tx and Rx, there are several options given single PUCCH transmission:
· Option1: Restrict Pcell’s UL-DL configuration to be UL heavy with respect to Scell such that PUCCH can be still always on Pcell. 
· Option2: PUCCH is allowed to be transmitted on Scell or PUSCH on Scell is scheduled to convey ACK/NACK as long as no valid UL subframe on Pcell. It is only applicable to UL CA capable UEs.
· Option 3: Change Scell’s HARQ timeline such that PUCCH is still always on Pcell, .e.g. change to Pcell’s HARQ timeline if Pcell’s UL-DL configuration is DL heavy.
As we known, R8 TDD scheduling and corresponding HARQ timing relationship is UL-DL configuration dependent, to achieve a good trade-off between ACK/NACK payload and feedback delay. We think performance of DL CA should be optimized, while Option 3 would result in longer ACK/NACK feedback delay and increase the ACK/NACK payload on PUCCH, which accordingly hurt the DL throughput. With that spirit, Option 3 is not preferred. However, option2 requires UE to support inter-band UL CA, and Option1 imposes restriction on Pcell selection. So we propose:
Proposal 5: For inter-band UL CA capable UEs, PUCCH can be transmitted on Scell if no valid UL subframe on Pcell. Otherwise PUCCH is always on Pcell. 
2.5 PHICH issue

As observed in [1], PHICH problem only occurs when scheduling Cell is DL heavy with respect to scheduled Cell in the case of cross-carrier scheduling. In that case, due to lack of non-zero PHICH subframes on scheduling cell (The location of non-zero PHICH subframe is also UL-DL configuration dependent), some UL HARQ processes on scheduled cell do not have ACK/NACK feedback on scheduling cell. Three options can be envisioned to address this concern: 

· Option1: creating new non-zero PHICH resource. It is not backward compatible.

· Option2: PHICH is transmitted on the scheduled cell rather than scheduling cell. It is not aligned with R10 design principle and contradicted with the motivation of cross-carrier scheduling. 

· Option3: PUSCH retransmission is triggered only by dynamic UL grant when PHICH resource is not available. As PHICH-triggered retransmission is often used for SPS while SPS is only on Pcell, retransmission relying on UL grant should not be a big concern in this case. We think option 3 is the best choice.
Is PHICH transmitted on the cell carrying the UL grant?

According to above, we do not see any strong reason to change Rel-10 design principle. Changing PHICH transmission route may result in higher UE implementation complexity as UE should receive PHICH/UL grant on different cell, but the gain is unclear. 
Proposal 6:  PHICH is transmitted on the cell carrying the UL grant as that in Rel-10.
2.6 HARQ and Scheduling timing issues
From our point of view, sticking with current HARQ timeline is very important to make standard impact marginal and to easy the implementation. As discussed in [1], our views on scheduling and HARQ timing for aggregation of cells with different TDD UL-DL configurations are summarized in below table. 
Table 1 summary of solutions for various cases

	
	Self-scheduling
	Cross-CC scheduling

	DL scheduling
	Same scheduling time as in R10
	Consider cross-subframe PDSCH scheduling if scheduling cell is UL heavy with respect to scheduled cell. Else same as in R10.

	UL scheduling
	Same scheduling time as in R10
	Follow scheduling timing corresponding to the UL heavy UL-DL configuration among aggregated cells.  

	DL HARQ timing
	Each CC’s HARQ timing can still follow the HARQ timing corresponding to its configured UL-DL configuration.  
Solution for PUCCH issue discussed in section 2.4 is needed.
	Can be same as self-scheduling. And also can follow HARQ timing corresponding to either scheduling cell’s or UL heavy cell’s UL-DL configuration (to make UL/DL reference timing consistent). 
Solution for PUCCH resource mapping may be needed.
Solution for PUCCH issue discussed in section 2.4 is needed.

	UL HARQ timing
	Each CC’s HARQ timing can still follow the HARQ timing corresponding to its configured UL-DL configuration.  
	Follow HARQ timing corresponding to the UL heavy UL-DL configuration among aggregated cells. 

PHICH should be replaced by UL grant to trigger retransmission if scheduling cell is DL heavy.


For UE supporting simultaneous Tx and Rx, with additional specification works on PHICH/PUCCH and cross-subframe scheduling, it is possible to schedule all HARQ processes in both case of cross-carrier scheduling and self-scheduling without the need of new HARQ timeline. For UE without capability of simultaneous Tx and Rx, we think it is acceptable and straightforward to reuse R8 HARQ timeline with some scheduling restrictions for simplicity. So we propose:
Proposal 7:  No new HARQ timeline is introduced. HARQ timing rules defined in Rel-8 for different UL-DL configurations are reused
Proposal 8:  Cross-subframe PDSCH scheduling can be considered as a complementary mechanism, when a CC is cross-scheduled by a CC with less DL subframes. Apart from that, no new DL and UL scheduling timing is introduced. The UL scheduling time rules defined in Rel-8 for different UL-DL configurations are reused. 
3 Conclusion
In this contribution, we provide our views on the open issues for inter-band CA with different UL-DL configurations on different bands, in particular, we propose: 
Proposal 1: Cross-carrier scheduling is supported for the case of aggregating TDD cells with different UL-DL configurations.
Proposal 2: for inter-band TDD CA with different UL-DL configurations, at most 2 bands can be aggregated in Rel-11.
Proposal 3: it is desirable to restrict the combinations of TDD UL-DL configurations for inter-band CA, especially for the case of cross-carrier scheduling. Inter-band TDD DL CA and UL CA should be configured independently, and then it is possible to restrict the use of inter-band UL CA for some combinations.
Proposal 4:  PUCCH is still transmitted on only one cell.
Proposal 5: For inter-band UL CA capable UEs, PUCCH can be transmitted on Scell if no valid UL subframe on Pcell. Otherwise PUCCH is always on Pcell.   
Proposal 6:  PHICH is transmitted on the cell carrying the UL grant as that in Rel-10.
Proposal 7:  No new HARQ timeline is introduced. HARQ timing rules defined in Rel-8 for different UL-DL configurations are reused.
Proposal 8:  Cross-subframe PDSCH scheduling can be considered as a complementary mechanism, when a CC is cross-scheduled by a CC with less DL subframes. Apart from that, no new DL and UL scheduling timing is introduced. The UL scheduling time rules defined in Rel-8 for different UL-DL configurations are reused.
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