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1 Introduction
In RAN1#66bis, the following agreement was made:

· Support the inter-band CA of TDD Carriers with different configurations in Rel-11.

The observed benefits of supporting inter-band CA of TDD CCs with different configurations are:
· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate

In this contribution, we provide our views on the remaining open issues and analyze the specification impact of supporting different TDD UL-DL configurations on different bands.

2 Open issues for supporting different TDD UL-DL configurations
2.1 Cross carrier scheduling

Cross carrier scheduling may provide the possibility of control channel coordination among adjacent cells in heterogenous network deployments. However, the standardization impact of supporting cross-carrier scheduling with different TDD UL-DL configurations should be carefully evaluated. 
We can consider each different case of cross carrier scheduling for PDSCH and PUSCH individually:

· PDSCH scheduling 
· Case 1: PDSCH subframe on SCell is also a DL subframe on PCell – Cross Carrier scheduling can be supported via following the PCC’s timeline 

· Case 2:  PDSCH subframe on SCell is an UL subframe on PCell - behaviour unclear. One possibility would be to introduce cross-subframe scheduling as mentioned in [1]. This “time-offset scheduling” is new behaviour for DL transmissions. 

· PUSCH scheduling 

· Case 3: Scheduling subframe of SCell is also a DL subframe on PCell - Cross Carrier scheduling can be supported via following the SCC’s timeline 

· Scheduling subframe of SCell is an UL subframe on PCell: 
· Case 4: PUSCH subframe on SCell is also an UL subframe - behaviour unclear. One possibility would be using the scheduling subframe of the PCell. 

· Case 5: PUSCH subframe on SCell is a DL subframe - there is no suitable scheduling subframe according to the PCell timeline. New timeline would need to be defined for this case if cross-carrier scheduling is to be supported.
The potentially problematic cases are highlighted. 

As an example to illuminate the above cases, we consider the following situations: PCC and SCC are assigned with configurations 1 and 3 respectively, as shown in Figure 1, and PCC and SCC are assigned with configurations 3 and 1 respectively, as shown in Figure 2:
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Fig. 1: Scheduling timeline on SCC (config. 3) with PCC being config. 1
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Fig. 2: Scheduling timeline on SCC (config. 1) with PCC being config. 3
Based on this analysis, if cross-carrier scheduling has to be supported, we propose the following baseline:
· For PDSCH on SCell, cross-carrier scheduling is supported in subframes where the PDSCH subframe on the SCell is also a DL subframe on the PCell.

· For PUSCH on SCell, cross-carrier scheduling is supported in subframes where the normal SCell scheduling subframe is also a DL subframe on the PCell.
The following two issues are suggested to be left as FFS:

· whether cross-carrier scheduling is supported if the PDSCH subframe on the SCell is an UL subframe on the PCell.
· whether cross-carrier scheduling is supported if the normal SCell scheduling subframe is an UL subframe on the PCell.

2.2 PUCCH transmission and HARQ Timing
As introduced in [1], the UE could in theory report A/N on the SCells – no new HARQ timing is needed. However, this would change the principle of Rel-10 that the PUCCH is carried only on the PCell, and it would increase the complexity of R11 UEs.

In order to maintain the compatibility with R10 and FDD, we suggest PUCCH can be always transmitted on only 1 CC – the PCC, with new HARQ timing defined for CA with different configurations. In [1], we described two simple solutions when the planned feedback subframe of the SCell is not an UL subframe in the PCell:
· Link the ACK/NACK of the SCell to the mapped DL subframe’s ACK/NACK position in the PCell , or 
· Choose the nearest UL subframe which is at least 4 TTIs after the transmitted subframe and has a valid parameter in Table 10.1-1 of [2] for a corresponding configuration of the PCell. 
2.3 PHICH transmission

Similar to the above, we suggest PHICH is transmitted on the cell carrying the UL grant. However, the PHICH timeline may need more investigation if cross-carrier scheduling is supported.
2.4 Simultaneous Tx/Rx

Without simultaneous Tx/Rx at the UE side, the benefit of “CA with different TDD UL/DL configurations” is limited, as discussed in [1]. 
Therefore, we think the UE simultaneous Tx/Rx should be mandatory for UEs which support CA with different TDD UL/DL configurations. 
3 Summary
As a summary, we suggest the following for supporting CA with different TDD UL/DL configurations:
· If the cross-carrier scheduling has to be supported, the suggested baseline is:
· For PDSCH on SCell, cross-carrier scheduling is supported in subframes where the PDSCH subframe on the SCell is also a DL subframe on the PCell.
· For PUSCH on SCell, cross-carrier scheduling is supported in subframes where the normal SCell scheduling subframe is also a DL subframe on the PCell.
· It is FFS:

· whether cross-carrier scheduling is supported if the PDSCH subframe on the SCell is an UL subframe on the PCell.
· whether cross-carrier scheduling is supported if the normal SCell scheduling subframe is an UL subframe on the PCell.

· PUCCH can be always transmitted on only 1 CC – the PCC.

· New HARQ timing needs to be defined:
· Link the ACK/NACK of the SCell to the mapped DL subframe’s ACK/NACK position in the PCell , or 
· Choose the nearest UL subframe which is at least 4 TTIs after the transmitted subframe and has a valid parameter in Table 10.1-1 of [2] for a corresponding configuration of the PCell. 
· PHICH is transmitted on the cell carrying the UL grant.

· The UE simultaneous Tx/Rx should be mandatory for UEs which support CA with different TDD UL/DL configurations.  
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