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1 Introduction
After the email discussion on issues for support of inter-band CA of TDD carriers with different UL-DL configurations [1], we have made great progress in RAN1#67 but still we have many open issues to be addressed, for which email discussion is continued. 
In this contribution, we further give our views on those leftover issues for aggregation of cells with different TDD UL-DL configurations.

2 Discussions
2.1 Whether to support cross-carrier scheduling?
In RAN1#67, working assumption to support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells was made:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n
· FFS support of other type of cross-carrier scheduling in Rel-11
Check until RAN1#68 whether this working assumption can be confirmed. 

From our point of views, 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 [2]. 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 [2][3], 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. In addition, considering the motivation of cross-carrier scheduling and cross-carrier mechanism in R10 (e.g. for the CA based het-net, the need of cross-carrier scheduling for DL also implies a need of cross-carrier scheduling for UL, and CIF shall exist in both DCI format 1A and DCI format 0 once configured), we do not see any reason/benefit to only support DL cross-carrier scheduling for TDD CA with different UL-DL configurations in R11. 
Proposal 1: cross-carrier scheduling should be supported and applicable to both UL and DL scheduling for aggregation of TDD cells with different UL-DL configurations. 
2.2 Whether to restrict 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 or special handling 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 2: 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.

2.3 Scheduling timing and HARQ timing 

As we known, TDD scheduling and corresponding HARQ timing relationship is UL-DL configuration dependent. In R10, CA mechanism design does not need to consider that as the UL-DL configuration is aligned when CA is deployed. However, when inter-band cells with different UL-DL configurations are aggregated, impact on scheduling signalling and HARQ timing can be expected. From our point of view, sticking with current HARQ timelines defined in R8 is very important to make standard impact marginal and to easy the implementation. In addition, it has been concluded in RAN1#67 that RAN1 solution should support both full duplex mode and half duplex mode and RAN1 should strive for a common solution for both full duplex mode and half-duplex mode. 
In this section, we analyze the solutions for different cases based on the working assumption made in RAN1#67 that no new HARQ-ACK timeline beyond those already defined in Rel-8/9/10. We focus on two UL-DL configurations case and take the aggregation of two cells with UL-DL configuration #1 and #2 respectively as example in the below discussion.
UL scheduling and HARQ timing in the case of self scheduling
Figure 1 shows the current HARQ timelines corresponding to UL-DL configuration #1 and #2. In RAN1#67, it has been concluded that same scheduling timing rule in R8/9/10 should be used for non-cross carrier scheduling case. 
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Figure 1 UL scheduling and HARQ timing
· For full-duplex operation mode: as shown in Figure 1, obviously there is no need to modify any cell’s UL HARQ timing and all the UL HARQ processes on both Cells can be scheduled.
· For half-duplex operation mode: different TDD UL-DL configuration on different cells results in the existence of “inconsistent subframes”, where communication directions on different cells are reverse. Determination rule for the communication direction is needed, and CA capable UE only can use resource on cell(s) where there is same communication direction as determined, other cell(s) with reverse communication direction should be “muted” e.g. by eNB scheduling. Based on current HARQ timing design and each CC’s HARQ timing still follows the HARQ timing corresponding to its configured UL-DL configuration, we can find that blocking DL subframes would impact UL scheduling too much as those DL subframes usually carry UL grants. As shown in figure 1, if we block the DL subframes on RRH cell, no PUSCH can be scheduled on RRH cell unless RRH cell’s UL grant timing is modified, e.g. change RRH cell HARQ timing to follow Macro cell’s. Typically, when aggregating Macro cell and RRH cell, Macro cell’s UL subframe seems more suitable to be blocked, as shown in figure 1, UL traffic does not be affected too much as total 4 HARQ processes still can be used though UL HARQ processes in subframe #3 and #8 on Macro cell shall not be scheduled, while the DL throughput can be maximized. 
Proposal 3: in the case of self-scheduling, each cell’s PUSCH scheduling timing and HARQ timing still follows the timeline corresponding to its own UL-DL configuration defined in R8.
Proposal 4: for half-duplex operation mode, communication direction in those inconsistent subframes can be either indicated implicitly by eNB scheduling in a dynamical manner or fixed to DL transmission for simplicity. 

UL scheduling and HARQ timing in the case of cross-carrier scheduling
As analyzed in [2], if cross-carrier UL scheduling is supported, the scheduled cell’s scheduling and HARQ timing should follow the timeline corresponding to the UL heavier UL-DL configuration between scheduling cell and scheduled cell to maximize the UL resource utilization. As shown in red line in figure 1, if Macro cell on CC1 is the scheduling cell, the scheduled RRH cell on CC2 follows the timeline corresponding to CC1’s UL-DL configuration. 

The only concern for UL cross-carrier scheduling would be the PHICH problem which only occurs when scheduling Cell is DL heavy with respect to scheduled Cell. However, as analyzed in [4], the PHICH problem can be figured out by dynamical UL grant triggered PUSCH retransmission when PHICH resource is not available. 

Proposal 5: in the case of cross-carrier scheduling, the scheduled cell’s PUSCH scheduling timing and HARQ timing follows the timeline corresponding to the UL heavier UL-DL configuration between scheduling cell and scheduled cell.
DL Scheduling timing and HARQ timing in the case of self-scheduling
Figure 2 shows the current DL HARQ timelines corresponding to TDD UL-DL configuration #1 and #2. In RAN1#67, the proposal that DL grant and PDSCH are in same TTI as in R8/9/10 for non cross-carrier scheduling and FFS whether to support cross-subframe scheduling for cross-carrier scheduling has been concluded. It is obvious from the figure 2 that there is no need to change the DL scheduling timing. 
For the DL HARQ timing, given that PUCCH is still always transmitted on Pcell only, as analyzed in [2], PUCCH on Pcell may not be available for ACK/NACK feedback for 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), accordingly those HARQ processes cannot be scheduled. 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 in that case, three options can be envisioned assuming PUCCH on Pcell only is confirmed:
· Option1: Restrict Pcell’s UL-DL configuration to be UL heavy with respect to Scell such that PUCCH can be still always on Pcell. Drawback is the restriction on Pcell selection. 
· Option2: 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: when Pcell is DL heavy with respect to Scell(s), change Scell’s HARQ timeline o Pcell’s HARQ timeline. 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. Option 3 would result in longer ACK/NACK feedback delay and increase the ACK/NACK payload on PUCCH.
In addition, other issues related to DL HARQ are the ACK/NACK resource reservation/allocation on Pcell and ACK/NACK mapping table for format 1b with channel selection, which should be carefully studied. For example, if macro cell on CC2 is the Pcell, originally in subframe #7 and #2 we only need to reserve ACK/NACK resource for PDSCH transmissions on two DL subframes, but now we need to reserve more resources. Moreover, in the case of cross-carrier scheduling, implicitly ACK/NACK resource allocation would be used for format 1b with channel selection, the ACK/NACK resource mapping rule and ACK/NACK mapping table should be checked again.
From the figure 2, ignoring the ACK/NACK resource reservation/allocation issue, we can observe that for UE capable of simultaneous Tx and Rx, if macro cell on CC 2 is Pcell, all DL processes on both cells can be scheduled following the timeline corresponding to each cell’s own UL-DL configuration, and if RRH cell on CC2 is Pcell, to maximize the DL resource utilization, ether option 2 or option 3 can be used, e.g. by Option 3 Macro cell’s DL HARQ timing can follow the Pcell’s HARQ timeline such that PUCCH on Pcell are available to convey corresponding ACK/NACK feedback. 
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Figure 2 DL HARQ timing
DL HARQ and Scheduling timing in the case of cross-carrier scheduling

The DL HARQ timing solution for cross-carrier scheduling could be same as that for self-scheduling because the PUCCH issue above is general for both cases. Likewise, the ACK/NACK resource reservation/allocation and mapping table issues are also general for both cases. 
Proposal 6: for both self-scheduling and cross-carrier scheduling, if Pcell is UL heavy with respect to Scell(s), each cell’s DL HARQ timing follows the timeline corresponding to its own UL-DL configuration defined in R8. If Pcell is DL heavy with respect to Scell, Scell’s DL HARQ timing could follow the timeline corresponding to either Pcell’s or its own UL-DL configuration.

The specific issue for cross-carrier DL scheduling is whether cross-subframe PDSCH scheduling is supported or not as identified in [1]. As observed in [2], cross-subframe PDSCH scheduling is only required if scheduling cell is UL heavy with respect to scheduled cell in the case of cross-carrier scheduling. In our point of view, forward sub-frame scheduling would not result in much scheduling implementation complexity at eNB side as we have similar UL multiple TTI scheduling mechanism in R8. The details of cross-carrier scheduling can be FFS. One solution in our mind is to reuse some code points of CIF in the DL grant to indicate the subframe index. 
Proposal 7: cross-subframe PDSCH scheduling can be considered as a complementary mechanism, when a Cell is cross-scheduled by another Cell with less DL subframes.
To sum up, it can be concluded that for full duplex operation UE, with some additional specification works, e.g. on PUCCH and/or cross-subframe scheduling, resources can be almost fully scheduled in either cross-carrier scheduling or self-scheduling case without the need of new HARQ timeline. For half-duplex operation UE, we think it is acceptable not to optimize the performance and scheduling based solution can achieve common solution for both full-duplex mode and half-duplex mode. 
Proposal 8: working assumption that no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10 can be confirmed, and HARQ timeline should be common for full-duplex mode and half duplex mode.
3 Conclusion
In this contribution, we discuss the open issues for inter-band CA with different UL-DL configurations on different bands, in particular, we propose: 
Proposal 1: cross-carrier scheduling should be supported and applicable to both UL and DL scheduling for aggregation of TDD cells with different UL-DL configurations.
Proposal 2: 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.
Proposal 3: in the case of self-scheduling, each cell’s PUSCH scheduling timing and HARQ timing still follows the timeline corresponding to its own UL-DL configuration defined in R8.

Proposal 4: for half-duplex operation mode, communication direction in those inconsistent subframes can be either indicated implicitly by eNB scheduling in a dynamical manner or fixed to DL transmission for simplicity.
Proposal 5: in the case of cross-carrier scheduling, the scheduled cell’s PUSCH scheduling timing and HARQ timing follows the timeline corresponding to the UL heavier UL-DL configuration between scheduling cell and scheduled cell.
Proposal 6: for both self-scheduling and cross-carrier scheduling, if Pcell is UL heavy with respect to Scell(s), each cell’s DL HARQ timing follows the timeline corresponding to its own UL-DL configuration defined in R8. If Pcell is DL heavy with respect to Scell, Scell’s DL HARQ timing could follow the timeline corresponding to either Pcell’s or its own UL-DL configuration.

Proposal 7: cross-subframe PDSCH scheduling can be considered as a complementary mechanism, when a Cell is cross-scheduled by another Cell with less DL subframes.
Proposal 8: working assumption that no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10 can be confirmed, and HARQ timeline should be common for full-duplex mode and half duplex mode.
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