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1 Introduction
In RAN1#66 meeting, the following questions are brought forward to analyze the influence on different UL-DL configurations in different bands.
Questions to address:

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

· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic)

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

· Is PUCCH still transmitted on only 1 CC?

· Is PUCCH always on the PCell?

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

· Same HARQ timing rules as in Rel-10?

· Same scheduling timing as in Rel-10?
In this document, we share our views on simultaneous tx/rx issues on different bands with different UL-DL configurations.
2 Discussion
2.1 Motivation
In Rel-10, intra-band carrier aggregation with different TDD UL-DL configurations was not agreed because of severe interferences between UL and DL subframes. Actually, for TDD system, the flexible UL-DL configuration should be achieved to adapt its UL-DL resource allocation to the traffic characteristic.

The motivation of supporting different configurations is to satisfy the requirement of asymmetric services. In HetNet scenarios, for hop-spot region, heavy DL traffic is demanded and the corresponding subframes configuration with the number of DL subframes more than that of UL subframes will be beneficial. Meanwhile, balanced UL-DL subframes configuration is helpful for Macro cell coverage. Then, while UL/DL data service rate is balanced, higher UL-DL peak data rate is provided. One band for heavy load service, another band compensating coverage is a reasonable configuration.
2.2 Possible issues

The different UL-DL configuration on different bands can bring some problems for design, which should be carefully considered.
2.2.1 The combinations of UL-DL configurations
If different TDD UL-DL configurations on different bands are supported, the condition of simultaneous transmission-reception will occur, as Figure.1 depicted, Figure.1 (a), (b), (c) are aggregation with 5ms switch-point periodicity、10ms switch-point periodicity, and hybrid switch-point periodicity respectively.
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(a) 5ms switch-point periodicity                 (b) 10ms switch-point periodicity
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(c) 5ms and 10ms switch-point periodicity

Fig 1. 2 inter-band aggregated carriers with different UL/DL configuration
Observation1: there are three types of UL-DL configurations:

1. Combination of 5ms switch-point periodicity
2. Combination of 10ms switch-point periodicity

3. Combination of hybrid switch-point periodicity
In Fig.1 (a), the UE aggregates 2 CCs, and CC1 with UL-DL configuration 1 and CC2 with UL-DL configuration 2. For subframe 3 and 8, the UL subframe and DL subframe will co-exist. For the combinations of 5ms switch-point periodicity or 10 ms switch-point periodicity, there are the same asymmetric states between PCell and SCell, generally speaking, UL or DL subframes of PCell is more than SCell in a radio frame, and vice versa. For the combination of hybrid switch-point periodicity, the hybrid subrame condition occurs, for instance, in some subframes PCell is UL subframe and SCell is DL subframe, in the other subframes PCell is DL and SCell is UL, as Fig.1 (c) shown.

For 5ms or 10ms switch-point periodicity subframe, the tendency of UL-DL subframes is the same. However, for some hybrid switch-point periodicity subframes, the hybrid subframes condition will complicate the possible scheduling timing or cross-carrier scheduling or HARQ timing and so on. For the perspective of simplicity of specification and implementation, the combinations of UL-DL configurations should be restricted. 
Proposal 1: for the combinations of UL-DL configurations, 5ms switch-point periodicity or 10ms switch-point periodicity may be supported. Some hybrid switch-point periodicity subframes seem inappropriate.
2.2.2 The supported number of bands

The supported number of bands should consider the realistic scenario, the impact on UE device and the needed specification efforts. 

From the discussion about motivation, the aggregating two bands is reasonable scenarios. 
From the perspective of UE device, the supported number of bands should be restricted to reduce the complexity. More than two bands with different TDD configurations mean more complicated design of scheduling timing and so on. 

Proposal 2: for UE, the support of maximum two different bands in CA scenario should be considered.
2.2.3 Cross-carrier scheduling 
Cross-carrier scheduling is introduced in Rel-10, while PDCCH of one CC is carried on another CC (Pcell or Scell). For different UL-DL configuration, cross-carrier scheduling can result in some problems. In figure 1 (a), if CC1 is Pcell, for subframe 3 and 8, CC2 can’t be cross-scheduled due to CC1 being the UL subframe. Scheduling restriction always exists for the asymmetric subframe as shown in the red oval areas of Fig.1.
The possible solutions include the following options:

Option 1: eNB scheduling 

In this solution, only in schedulable subframes cross-carrier scheduling can be operated. As in Fig.1 (a) shown, CC1 is PCell and CC2 is SCell, then for subframe 3, 8, cross-carrier scheduling isn’t done. When in reverse condition, cross-carrier scheduling can be used. From eNB scheduling DCI only be transmitted by same-carrier scheduling for the subframe in which cross-carrier scheduling doesn’t work. eNB scheduling is a scheduling of subframe level. This method requires less standardization efforts, however some subframes schedule is restricted.  
Option 2: DCI scheduling across subframes
In this condition, for UL and DL subframe coexist, the DL DCI can be scheduled by latest available subframe, as Fig.2 shown. This changes schedule timing. Moreover, for different UL-DL configuration, the schedule timing can vary. This complicates the design and requires more standardization effort. 
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Fig.2 cross-carrier scheduling (2 inter-band aggregated carriers with different UL/DL configuration)

Option 3：disable cross-carrier scheduling

This method has less standardization impact, but can have a little influence on reducing interference aspect of control channel in HetNet scenario.
Option 4: partially enable cross-carrier scheduling 

Compared with option 1, in this method, when DL subfrmae of PCell is more than DL SCell, the cross-carrier scheduling is enabled. Otherwise, the cross-carrier scheduling is disabled. This option is the trade-off between option1 and option 3. This method is simple for implementation and has less impact on specification. But some combinations of UL-DL configurations still result in some problem, such as Figure 1 (c) shown. For configuration of 5ms switch-point periodicity or 10ms switch-point periodicity subframe this method can work well. 
Proposal 3: We slightly prefer option 4. We are also fine if option 3 is supported.
2.2.4 PHICH 
In Rel8/9/10, for 7 UL-DL configurations, it is not all DL subframes or special subframes to be transmitted for UL grant and PHICH. When cross-scheduling is used in different UL-DL configuration scenario, the PHICH/PDCCH design will become more complicated for synchronous HARQ in UL. The option 4 in cross-carrier scheduling section, i.e. partially enable cross-carrier scheduling, seems to be a good selection. In Fig.3, we assume CC1 is PCell and CC2 is SCell. The PHICH transmission can take the same principle with Rel-10 even in cross-scheduling. PHICH still can be transmitted on the cell carrying the UL grant. The same scheduling timing as in Rel-10 can be reused. The option has the excellent backward compatibility and the most principles defined in Rel-10 needn’t change.
Proposal 4: PHICH still be transmitted on the cell carrying the UL grant.

Proposal 5: The same scheduling timing as in Rel-10 can be reused. 
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Fig.3 PHICH transmission with cross-scheduling

2.2.5 HARQ timing
In Rel-10 ACK/NACK is carried on PUCCH/PUSCH of PCell or on PUSCH of the CC with the smallest SCellIndex value (without aperiodic CSI trigger). For the same type of subframes such as the blue oval areas of Fig.1 depicted, considering the backward compatibility and standardization effort, the Rel-10 principle should be maintained as much as possible.

Proposal 6: The rule as Rel-10 is maintained as much as possible in case of all CCs being simultaneous UL subframes, i.e., UCI is carried on PUCCH/PUSCH of PCell or on PUSCH of the CC with the smallest SCellIndex value (without aperiodic CSI trigger).
For the asymmetric subframe, i.e, multiple UL subframes with 1 or multiple DL subframes, as the red oval areas depicted in Fig.4, the two options may be considered for ACK/NACK feedback:

Option1: Each CC maintains respective HARQ timing. When multiple UL subframes occur, the CC with the smallest SCellIndex value is selected to transmit UCI.
The ACK/NACK from each carrier can be treated based on the timing of the same carrier, but is irrespective of the other carrier. For example, for UL subframe3, 8 in Fig. 4, ACK/NACK only links the corresponding CC1 and CC3. ACK/NACK from the CC2 is only transmitted on UL subframes 2, 7. This method can maintain the mapping table of ACK/NACK feedback based on Rel-10. For subframes 3, 8, the A/N is carried on the CC with the smallest SCellIndex value. The design principles of Rel-10 could be simply expanded.
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Fig 4. 3 inter-band aggregated carriers with different UL/DL configuration
Option 2: ACK/NACK is transmitted on the first available UL resources at least four subframes later.
ACK/NACK of one carrier can be transmitted on the other available carrier which has the UL grant. For example, subframe 7, 8 of CC1 in Fig.5 (b) can transmit ACK/NACK of CC2. This method can reduce the ACK/NACK feedback delay from UE, which should be subjected to UE transmitting the ACK/NACK in the first UL subframe at least four subframes later. Moreover, the balancing ACK/NACK payload size of UL subframe between CCs is achieved easily. However, the new ACK/NACK feedback timing should be redefined.
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(a) ACK/NACK timing in Rel-8/9/10
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(b)ACK/NACK feedback timing 
Fig. 5 Optino2
Proposal 7:For multiple UL subframes with 1 or multiple DL subframes the feedback of ACK/NACK:

Option1: Each CC maintains respective HARQ timing, when multiple UL subframes occur, the CC with the smallest SCellIndex value is selected to transmit UCI

Option2: ACK/NACK is transmitted on the first available UL resources at least four subframes later.

2.2.6 PUCCH 
During Rel-10 specification establishment, there are some discussions on multiple PUCCH transmission. Simultaneous multiple PUCCH transmissions can bring severe link performance degradation, moreover, power back-off is required to decrease inter-modulation interference and out-of-band emissions. The standardization effort on power control of multiple PUCCH transmission should be required. Thus the number of transmitted PUCCH should be restricted as 1 in one TTI even though in aggregated 5 CCs scenario.  
Proposal 8: one PUCCH is transmitted in one TTI for different UL-DL configuration.
In Fig.1(a), if CC2 is PCell, for subframe 3 and 8, there is a UL scheduling on SCell. In this condition, the UCI can’t be transmitted on SCell UL subframe unless a UL grant is received. This can increase the signaling overhead when without data service. Thus, PUCCH transmission of SCell may be considered. 
Proposal 9: PUCCH transmission on secondary CC should be enabled.
3 Conclusions
In this document, we discussed the possible issues in supporting of simultaneous tx/rx on different bands with different TDD UL-DL configurations. We suggest:

Observation1: there are three types of UL-DL configurations:

1. Combination of 5ms switch-point periodicity

2. Combination of 10ms switch-point periodicity

3. Combination of hybrid switch-point periodicity
Proposal 1: for the combinations of UL-DL configurations, 5ms switch-point periodicity or 10ms switch-point periodicity may be supported. The hybrid switch-point periodicity seems inappropriate.
Proposal 2: for UE, the support of maximum two different bands in CA scenario should be considered.
Proposal 3: We slightly prefer option 4. We are also fine if option 3 is supported.
Proposal 4: PHICH still be transmitted on the cell carrying the UL grant.

Proposal 5: The same scheduling timing as in Rel-10 can be reused. 

Proposal 6: The rule as Rel-10 is maintained as much as possible in case of all CCs being simultaneous UL subframes, i.e., UCI is carried on PUCCH/PUSCH of PCell or on PUSCH of the CC with the smallest SCellIndex value (without aperiodic CSI trigger).

Proposal 7:For multiple UL subframes with 1 or multiple DL subframes the feedback of ACK/NACK:
Option1: Each CC maintains respective HARQ timing, when multiple UL subframes occur, the CC with the smallest SCellIndex value is selected to transmit UCI

Option2: ACK/NACK is transmitted on the first available UL resources at least four subframes later.
Proposal 8: one PUCCH is transmitted in one TTI for different UL-DL configuration.
Proposal 9: PUCCH transmission on secondary CC should be enabled.
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