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1. Introduction

In RAN1#67 meeting, following agreements have been made after online and offline discussions based on email discussion summary from RAN1#66bis meeting [1]. 

Working assumptions: 
· Working assumption to support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· 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. 

· The HARQ timing rules is as follows,

· Option 1: Additional HARQ-ACK timing is added, in addition to existing HARQ-ACK timing in Rel-8/9/10.

· Option 2: No new HARQ-ACK timing. 

· Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. The application of H-ARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.

· Working assumption is option 2. FFS if there are cases where additional timing is needed or is beneficial.

· For PUCCH transmission, working assumption is PUCCH on PCell-only.

Conclusions:

· The number of supported bands
· keep the number of supported bands agnostic to RAN1 

· Strive for common solution for different numbers of UL-DL configurations

· Focus on 2 configuration case

· PHICH is transmitted on the cell carrying the UL grant.
· RAN1 solution should support both full-duplex and half-duplex.
· Strive for a common solution for both full-duplex and half-duplex
· The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,

· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.

· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· Same scheduling timing rule in Rel8/9/10 should be used.

· For cross-carrier scheduling, if cross-carrier scheduling is supported 

· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink) FFS
In this contribution, based on the agreements above, we propose overall TDD CA structure to support full-duplex operation based CA with different TDD UL-DL configurations for the UE supporting simultaneous Tx/Rx. 
2. HARQ related procedures
2.1. PDSCH HARQ
Based on the working assumption as “PUCCH only on Pcell” above, all ACK/NACKs for PDSCHs scheduled on any cell are to be transmitted only through Pcell. Considering ACK/NACK for the PDSCHs transmitted on Pcell, it seems natural to follow the PDSCH HARQ (ACK/NACK) timing defined for the UL-DL configuration of Pcell. Moreover, regarding RRC reconfiguration from CA (non-CA) case to non-CA (CA) case as well as implicit ACK/NACK resource allocation for Pcell, this is reasonable and desirable. On the other hand, in case of ACK/NACK for the PDSCHs transmitted on Scell, a reference UL-DL configuration for the PDSCH HARQ timing is needed to be defined because ACK/NACK (UL) timing defined for the UL-DL configuration of Pcell and Scell could be different. Taking both UL timing in Pcell and DL location in Scell into account, the reference UL-DL configuration for PDSCH HARQ timing could be determined for each cell as the following (Figure 1 can be referred as an example). 

■ PDSCH HARQ timing reference for Pcell: 

UL-DL configuration of Pcell

■ PDSCH HARQ timing reference for Scell: 

UL-DL configuration in which DL is defined (at least) for all the subframes where at least one of the 

two cells (Pcell and Scell) is configured as DL
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Figure 1: An example of the PDSCH HARQ timing reference

Related to this PDSCH HARQ procedure, there are two issues in order to support DL cross-carrier scheduling and ACK/NACK by channel selection. More specifically, when cross-carrier scheduling is enabled, cross-subframe scheduling can be additionally supported for DL grant on the subframe where UL is configured for the PDCCH (scheduling) cell while DL is configured for the PDSCH (scheduled) cell. Besides, when channel selection is configured for ACK/NACK with cross-carrier scheduling, PUCCH resource allocation for Scell should be revisited by taking both DL grant PDCCH timing for Scell and implicit PUCCH resource reserved in Pcell UL into account. 
Proposal 1: Reference UL-DL configuration for the PDSCH HARQ timing in case of the full-duplex operation based TDD CA with different UL-DL-configurations:

■ PDSCH HARQ timing reference for Pcell: 

UL-DL configuration of Pcell

■ PDSCH HARQ timing reference for Scell: 

UL-DL configuration in which DL is defined (at least) for all the subframes where at 

least one of the two cells (Pcell and Scell) is configured as DL
Proposal 2: Cross-subframe scheduling can be additionally supported for DL grant on the subframe where UL is configured for the PDCCH (scheduling) cell while DL is configured for the PDSCH (scheduled) cell.
Proposal 3: PUCCH resource allocation should be revisited by taking both DL grant PDCCH timing for Scell and implicit PUCCH resource reserved in Pcell UL into account.
2.2. PUSCH HARQ
First of all, without cross-carrier scheduling, it is straightforward for each cell to just follow the PUSCH HARQ (UL grant/PHICH) timing defined for the UL-DL configuration of its own cell. In case of cross-carrier scheduling, considering UL grant/PHICH for the PUSCHs transmitted on the PDCCH (scheduling) cell first, it seems natural to follow the PUSCH HARQ timing defined for the UL-DL configuration of PDCCH cell, similarly in the PDSCH HARQ case above. Moreover, considering RRC reconfiguration between CA and non-CA as well as cell-specific PHICH resource reservation on PDCCH cell, this is also reasonable and desirable. On the other hand, in case of the PUSCH (scheduled) cell, a reference UL-DL configuration for the PUSCH HARQ timing is needed to be defined because UL grant/PHICH (DL) timing defined for the UL-DL configuration of PDCCH cell and PUSCH cell could be different. Taking both DL timing in the PDCCH cell and UL location in the PUSCH cell into account, the PUSCH HARQ timing reference could be determined for each cell as the following (Figure 2 can be referred as an example).
■ PUSCH HARQ timing reference for PDCCH cell (without/with cross-carrier scheduling): 

UL-DL configuration of PDCCH cell

■ PUSCH HARQ timing reference for PUSCH cell (with cross-carrier scheduling): 

UL-DL configuration in which UL is defined (at least) for all the subframes where at least one of the 

two cells (PDCCH cell and PUSCH cell) is configured as UL
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Figure 2: An example of the PUSCH HARQ timing reference (with cross-carrier scheduling)

Related to this PUSCH HARQ procedure, there is one issue in order for supporting UL cross-carrier scheduling. More specifically, when cross-carrier scheduling is enabled, PHICH-less operation (i.e. no automatic PUSCH retransmission, PUSCH retransmission just depending on UL grant) can be additionally supported for the PUSCH cell’s UL subframe whose UL grant/PHICH timing is determined to a PDCCH cell’s DL subframe without PHICH resource reservation. 
Proposal 4: Reference UL-DL configuration for the PUSCH HARQ timing in case of the full-duplex operation based TDD CA with different UL-DL-configurations:

■ PUSCH HARQ timing reference for PDCCH cell (without/with cross-carrier scheduling): 

UL-DL configuration of PDCCH cell

■ PUSCH HARQ timing reference for PUSCH cell (with cross-carrier scheduling): 

UL-DL configuration in which UL is defined (at least) for all the subframes where at 

least one of the two cells (PDCCH cell and PUSCH cell) is configured as UL
Proposal 5: PHICH-less operation can be additionally supported for the PUSCH (scheduled) cell’s UL subframe whose UL grant/PHICH timing is determined to a PDCCH (scheduling) cell’s DL subframe without PHICH resource reservation.
3. View on open issues
In this section, we provide our view on the open issues related to inter-band CA for supporting different TDD UL-DL configurations raised through email discussion (after the previous RAN1#67 meeting). Also, we make proposals related to the discussion.
3.1 Timing
Q1) If no new HARQ-ACK timing table can be confirmed, what is the HARQ-ACK timing for PCell and SCell(s)?
A1) Reference UL-DL configuration for the HARQ-ACK timing could be different according to duplex operation (full or half) as well as per cell (Pcell or Scell, PDCCH cell or PUSCH cell). For full-duplex case, the proposals 1 and 4 in this contribution can be referred. For half-duplex case, we provide our view in another contribution [2].
3.2 Downlink cross-carrier scheduling

Q1) If support of downlink cross-carrier scheduling (working assumption in RAN1#67) can be confirmed, is DL grant and PDSCH in multi-TTI/cross-subframe scheduling supported?

A1) Yes. In order to completely support cross-carrier scheduling as in Rel-10 CA, all DL subframes in the PDSCH cell should be able to be cross-carrier scheduled from the PDCCH cell without any exception, even in the CA with different UL-DL configurations. 

3.3 Uplink cross-carrier scheduling

Q1) For uplink, is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?
A1) Yes. In Rel-10, cross-carrier scheduling has been introduced in order to support reliable DL control signalling under the interference situation. Even though cells are located in different band with different UL-DL configurations, CA between such cells cannot be an exceptional case not requiring cross-carrier scheduling operation. On top of this, UL scheduling cannot be an exceptional case not requiring cross-carrier scheduling operation as well. 
Q2) If support of (Q1) is yes, then what is the mapping rule of UL grant and PUSCH transmission?

A2) Reference UL-DL configuration for the PUSCH HARQ (UL grant/PHICH) timing could be different according to duplex operation (full or half) as well as per cell (PDCCH cell or PUSCH cell). For full-duplex case, the proposal 4 in this contribution can be referred. For half-duplex case, we provide our view in another contribution [2].
3.4 TDD UL-DL configurations combinations
Q1) Are there any restrictions on which combinations of UL-DL configurations can be aggregated?
A1) There might be some combinations which would require additional solution compared to other combinations. These combinations could mainly come from HARQ (scheduling, ACK/NACK) related timing. Whether to support or restrict those combinations could be decided after investigating the relevant solution and considering its feasibility/impact.
Q2) Are more than two UL-DL configurations among aggregated cells supported?
A2) Considering the realistic scenario/deployment on inter-band TDD CA and the design workload to cover various combinations as well as the limited Rel-11 timeframe, it seems reasonable that at most two different UL-DL configurations are supported for inter-band TDD CA in Rel-11.
3.5 Simultaneous Tx/Rx
Q1) Which one should be optimized?
- Option 1: both full duplex and half duplex

- Option 2: only full duplex

A1) Option 1 is desirable. Even for the UE operating by half-duplex manner without simultaneous Tx/Rx capability, it is reasonable to make the UE reliably operate in network as well as achieve more throughputs as much as possible by aggregating cells with different TDD UL-DL configurations, from completeness of the specification perspective. Furthermore, as seen in several contributions so far [3 – 6], possible solutions for the half-duplex case would not be quite different from those for the full-duplex case (in other words, additional specification efforts to well support the half-duplex case could not be burdensome). Even if the solutions for the full-duplex case would be made first, those could be largely reused to design the half-duplex solutions with slight modifications. 
In consequence, we propose the followings related to the email discussion topics above.
Proposal 6: Cross-carrier scheduling is supported for both DL and UL in case of inter-band CA with different TDD UL-DL configurations.
Proposal 7: Whether to support or restrict some combinations could be decided after investigating the relevant solution and considering its feasibility/impact.
Proposal 8: It seems reasonable that at most two different UL-DL configurations are supported for inter-band TDD CA in Rel-11.
Proposal 9: Inter-band CA with different TDD UL-DL configurations is supported based on both half-duplex and full-duplex operation.
4. Summary
We suggest overall structure with full-duplex operation and provide our views on some open issues for TDD CA with different UL-DL configurations. Finally, we propose: 

Proposal 1: Reference UL-DL configuration for the PDSCH HARQ timing in case of the full-duplex operation based TDD CA with different UL-DL-configurations:

■ PDSCH HARQ timing reference for Pcell: 

UL-DL configuration of Pcell

■ PDSCH HARQ timing reference for Scell: 

UL-DL configuration in which DL is defined (at least) for all the subframes where at 

least one of the two cells (Pcell and Scell) is configured as DL

Proposal 2: Cross-subframe scheduling can be additionally supported for DL grant on the subframe where UL is configured for the PDCCH (scheduling) cell while DL is configured for the PDSCH (scheduled) cell.

Proposal 3: PUCCH resource allocation should be revisited by taking both DL grant PDCCH timing for Scell and implicit PUCCH resource reserved in Pcell UL into account.

Proposal 4: Reference UL-DL configuration for the PUSCH HARQ timing in case of the full-duplex operation based TDD CA with different UL-DL-configurations:

■ PUSCH HARQ timing reference for PDCCH cell (without/with cross-carrier scheduling): 

UL-DL configuration of PDCCH cell

■ PUSCH HARQ timing reference for PUSCH cell (with cross-carrier scheduling): 

UL-DL configuration in which UL is defined (at least) for all the subframes where at 

least one of the two cells (PDCCH cell and PUSCH cell) is configured as UL

Proposal 5: PHICH-less operation can be additionally supported for the PUSCH (scheduled) cell’s UL subframe whose UL grant/PHICH timing is determined to a PDCCH (scheduling) cell’s DL subframe without PHICH resource reservation.
Proposal 6: Cross-carrier scheduling is supported for both DL and UL in case of inter-band CA with different TDD UL-DL configurations.

Proposal 7: Whether to support or restrict some combinations could be decided after investigating the relevant solution and considering its feasibility/impact.

Proposal 8: It seems reasonable that at most two different UL-DL configurations are supported for inter-band TDD CA in Rel-11.

Proposal 9: Inter-band CA with different TDD UL-DL configurations is supported based on both half-duplex and full-duplex operation.
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