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1. Introduction
In the RAN #60 meeting, a new Work Item [1] for LTE TDD-FDD joint operation was created, where the TDD-FDD joint operation includes TDD-FDD carrier aggregation (CA) and/or other possible solutions, depending on the outcome of the initial scenario evaluation phase of the Work Item. In the initial phase, the following aspects are encouraged to be discussed [2]:
· Identify deployment scenarios and network/UE requirement to support joint FDD-TDD operation.
· Based on the identified deployment scenarios and network/UE requirements, identify possible solutions for FDD-TDD joint operation.
· Based on the above, consider whether such solutions, if any, need to be added to the Work Item itself, or in separate Work Items.
In this contribution, we discuss our views on deployment scenarios for TDD-FDD joint operation and describe potential solutions for different scenarios with and without CA, focusing on issues regarding DL and UL HARQ timing.

2. Scenarios
A couple of TDD-FDD joint operation scenarios can be considered depending on the cell deployment and UE capability. In this contribution, we consider only two-carrier scenarios, i.e., one TDD carrier and one FDD carrier, as a typical example. Note that carrier aggregation involving more than two carriers can be handled by combining some two-carrier scenarios. The carrier frequencies of FDD and TDD cells are denoted f1 and f2, respectively.

2.1. Scenario 1: Co-located TDD-FDD cells
Scenario 1 is described below:
· A TDD cell and an FDD cell are located at the same site (See Figure 1).
· The two cells are connected via ideal backhaul.
· The two cells can be either macro cells or small cells.
· Only CA-capable UEs can be configured with both TDD and FDD carriers.



[bookmark: _Ref363567981]Figure 1. Co-located cells (Scenario 1)

2.2. Scenario 2: Different-site TDD-FDD cells with ideal backhaul
Scenario 2 is described below (See Figure 2):
· TDD and FDD cells are deployed at different sites
· If TDD cells are macro cells, FDD cells are small cells, and vice versa.
· A small cell can be either an indoor cell or an outdoor cell.
· A macro cell is connected via ideal backhaul with small cells in the macro cell area.
· Both CA-capable UEs and non-CA-capable UEs can be configured with both TDD and FDD carriers.



[bookmark: _Ref363568944]Figure 2. Cells at different sites with ideal or non-ideal backhaul connection (Scenario 2 and 3)

2.3. Scenario 3: Different-site TDD-FDD cells with non-ideal backhaul
Scenario 3 is described below (See Figure 2):
· TDD and FDD cells are deployed at different sites.
· If TDD cells are macro cells, FDD cells are small cells, and vice versa.
· A small cell can be either an indoor cell or an outdoor cell.
· The cells are connected via non-ideal backhaul.
· Both CA-capable UEs and non-CA-capable UEs can be configured with both TDD and FDD carriers.

Proposal 1: Scenario 1, 2 and 3 should be considered as deployment scenarios for TDD-FDD joint operation.

3. TDD-FDD joint operation for CA-capable UEs
CA was first introduced in Rel-10 to increase the peak data rate and throughput by aggregating multiple cells utilizing different carrier frequencies and was enhanced in Rel-11. As described in [2], support of generic CA features is a core issue for joint operation of TDD and FDD cells to make more efficient use of their spectrums.
In the following, some technical consideration points for TDD-FDD CA are described. 
1) Support of cross-carrier scheduling between TDD and FDD cells
Cross-carrier scheduling is also an important feature of the Rel-10/11 CA which was adopted to mitigate interference of control channels in heterogeneous network (HetNet) scenario. In this Work Item, techniques supporting cross-carrier scheduling should be investigated. Considering multi- and/or cross-subframe scheduling together may be beneficial to fully utilize radio resources. For the non-ideal backhaul case, supporting cross-carrier scheduling is not feasible due to long backhaul delay.
2) New HARQ timing
New HARQ timing may need to be introduced to support CA between TDD and FDD carriers. Need for additional HARQ timing table in addition to existing ones in Rel-8/9/10/11 should be investigated. We can try to reuse the existing table to determine DL and UL HARQ timing of each aggregated cell as much as possible, but if needed, we can define a new UL-DL mapping relation.
3) Whether PUCCH is transmitted only on PCell
In current Rel-10/11 specification, PUCCH is transmitted only on PCell regardless of the number of aggregated cells. This was reasonable since Rel-10/11 CA scenarios are limited to intra-site CA. However, when the serving cells are located at different sites as in our TDD-FDD joint operation scenarios 2 and 3, transmitting PUCCH on a non-primary cell needs to be considered. Further, the relation between the HARQ timing and constraints on the PUCCH transmitting cells needs to be examined.
4) Whether PHICH is transmitted only on the cell transmitting the UL grant
Similar to the PUCCH restriction, currently UL HARQ-ACK is only transmitted on PHICH of the cell transmitting the UL grant. This can make it difficult to design UL HARQ timing when the cross-carrier scheduling is configured. Considerations on the PHICH transmission in each scenario need to be followed.
5) Restriction on TDD UL-DL configurations applicable to TDD-FDD CAs
In Rel-10/11, for a TDD cell, all the seven TDD UL-DL configurations are supported in all situations. In this Work Item, whether to support all the UL-DL configurations or not can be discussed, considering a trade-off between flexibility and complexity, or specification efforts.
Observation 1: For TDD-FDD CA, support of cross-carrier scheduling, new HARQ timing, PUCCH and PHICH transmission cells, and full or partial support for the TDD UL-DL configurations are main technical consideration points.

3.1. [bookmark: _Ref363809831]HARQ timing for DL transmission
In this section we discuss HARQ timing relation between a PDSCH transmission or DL SPS release indication in PDCCH and the corresponding HARQ-ACK transmission on PUCCH.
3.1.1. Scenario 1 and Scenario 2
If TDD and FDD cells are connected with each other via ideal backhaul, dynamic coordination for scheduling and link adaptation, i.e., cross-carrier scheduling, could be performed within the aggregated cells. In that case, for Scenario 1 and Scenario 2, UE configurations for TDD-FDD CA can be classified into the following four cases.
· Case 1-1: FDD cell is PCell and TDD cell is SCell, and cross-carrier scheduling is not configured.
· Case 1-2: FDD cell is PCell and TDD cell is SCell, and cross-carrier scheduling is configured.
In Case 1-1 and Case 1-2, PCell is an FDD cell and thus a UL subframe for the HARQ-ACK transmission always exists in every TTI on the PCell. Also there would be no DL subframe restriction for scheduling assignment on SCell even if cross-carrier scheduling is configured since the FDD PCell always has a DL subframe in every TTI. For these reasons, there is no additional constraint to HARQ timing relation for TDD cell, and straightforward solutions can be using the existing HARQ timing for the TDD cell as determined by the UL-DL configuration.
· Case 1-3: TDD cell is PCell and FDD cell is SCell, and cross-carrier scheduling is not configured.
· Case 1-4: TDD cell is PCell and FDD cell is SCell, and cross-carrier scheduling is configured.
If TDD cell is PCell, when PUCCH is transmitted only on the PCell, DL HARQ timing of the SCell is affected by the UL-DL configuration of the PCell. If TDD cell is the PCell as in Case 1-3 and Case 1-4, DL subframe or UL subframe does not exist on the PCell in some TTIs. As a result, the SCell may have restrictions on HARQ timing and/or scheduling assignment. 
Figure 3 shows an example for Case 1-4 with UL-DL configuration 3 on the PCell. Here, we assumed that the FDD cell simply follows the TDD HARQ timing. In this case, 30% of the DL resource of the FDD cell cannot be utilized for Rel-12 UEs that TDD-FDD CA is configured. To overcome this, multi- and/or cross-subframe scheduling could be considered.


[bookmark: _Ref363459889]Figure 3. An example of HARQ timing and scheduling assignment for Case 1-4
In Scenario 2 where the two cells are located at different sites, transmitting PUCCH on a non-primary cell needs to be considered. Depending on whether to modify the current rule of the PUCCH transmitting cell, new HARQ timing issues may or may not exist.
3.1.2. Scenario 3
In Scenario 3, cross-carrier scheduling between the TDD and FDD cells may not be possible because of large backhaul delays (from seconds to tens of seconds [3]). Thus, in this case, only the following two situations exist.
· Case 2-1: FDD cell is PCell and TDD cell is SCell, and cross-carrier scheduling is not configured.
· Case 2-2: TDD cell is PCell and FDD cell is SCell, and cross-carrier scheduling is not configured.
Since sharing the UCI between the TDD and FDD cells using the non-ideal backhaul suffers from large delay, methods to allow PUCCH transmission on each serving cell may need to be introduced. Depending on the constraint on the PUCCH transmitting cells and the PUCCH transmitting UL subframes, additional work for new HARQ timing may or may not be needed.
Observation 2: In Scenario 1 and Scenario 2, DL HARQ timing for both serving cells needs to be carefully investigated to fully exploit the peak rate capability of CA. In Scenario 3, need for additional HARQ timing will depend on constraints of PUCCH transmitting cells.
Proposal 2: TDD-FDD CA for scenarios with ideal backhaul should be investigated with a higher priority than for scenarios with non-ideal backhaul, with considerations of supporting cross-carrier scheduling.

3.2. HARQ timing for UL transmission
When a serving cell is cross-carrier scheduled, PHICH for DL HARQ-ACK delivery is transmitted not on the serving cell itself but on the cell transmitting the UL grant. Due to this constraint, UL HARQ timing of TDD and FDD serving cells needs to be carefully considered.
3.2.1. Scenario 1 and Scenario 2
For Scenario 1 and Scenario 2, the following two cases are possible configurations for cross-carrier scheduling.
· Case 3-1: TDD cell is cross-carrier scheduled by FDD cell.
· Case 3-2: FDD cell is cross-carrier scheduled by TDD cell.
Generally, HARQ timing for Case 3-2 may be more complicated than for Case 3-1 since the TDD cell does not have a DL subframe in every TTI. Depending on TDD UL/DL configuration, new HARQ timing relations may be necessary to avoid throughput loss from cross-carrier scheduling.
As an example consider an FDD cell being cross-carrier scheduled by a TDD cell with UL-DL configuration 5,  which has an extremely unbalanced DL and UL subframe ratio, as shown in Figure 4. If the FDD cell simply obeys the TDD cell UL-DL configuration timing, only one of 10 UL subframes (subframe #2) can be used for PUSCH transmission in the FDD cell. Obviously a more efficient solution needs to be considered, taking potential combination with multi- and cross-subframe scheduling into consideration.


[bookmark: _Ref363663427]Figure 4. An example of HARQ timing for Case 3-2
3.2.2. Scenario 3
In Scenario 3, the self-carrier scheduling has to be performed for each serving cell due to non-ideal backhaul deployment. Thus there would be no UL HARQ timing issue in Scenario 3.
Observation 3: For UL transmission, a new HARQ timing rule seems necessary when cross-carrier scheduling is configured. In Scenario 3, there would be no UL HARQ timing issue for TDD-FDD CA.

4. TDD-FDD joint operation for non-CA-capable UEs
In RAN2 Study Item “Small Cell Enhancements – Higher Layer Aspects,” discussion is going on whether to support dual connectivity for single Tx-Rx UEs. If it is agreed to support dual connectivity for single Tx-Rx UEs, it can be considered for TDD and FDD joint operation as well, in parallel with the solutions for CA-capable UEs.
In the following, some consideration points for TDD-FDD dual connectivity for non-CA-capable UEs are described.
1) Resource partitioning
A TDM-based resource partitioning may be a good candidate scheme to enable a single Tx-Rx UE to connect to both TDD and FDD cells simultaneously. The key issue is how to determine TDM patterns for TDD and FDD cells, which indicate which DL or UL subframes are available for each cell. Particularly for the DL subframes, the patterns need to be carefully designed not to cause a significant impact on backward compatibility.
2) Support of cross-carrier scheduling
In the case of ideal backhaul, whether to support cross-carrier scheduling between the TDD and FDD cells needs to be considered. Since the UE cannot receive two DL subframes from the both cells simultaneously, multi- and/or cross-subframe scheduling can be used for cross-carrier scheduling in the DL case.
3) HARQ timing
When the carrier switching method is adopted at the UE, the HARQ timing issues on both UL and DL transmission become more complicated. Solutions will depend on the resource partitioning patterns, and may not be simple even for Case 1-1 and Case 1-2 (see Section 3.1) where FDD cell is the PCell.
Proposal 3: If it is agreed to support dual connectivity for single Tx-Rx UEs in RAN2, it can be considered for TDD and FDD joint operation as well, in parallel with solutions for CA-capable UEs.
Observation 4: For TDD-FDD dual connectivity for non-CA-capable UEs, issues on resource partitioning, support of cross-carrier scheduling and new HARQ timing need to be considered.

5. Conclusions
In this contribution, we have discussed deployment scenarios for joint TDD-FDD operation support and described potential solutions based on the identified scenarios, mainly focusing on the HARQ timing issues. As potential enhancement features for FDD-TDD joint operation, the following points have been proposed or observed.
Observation 1: For TDD-FDD CA, support of cross-carrier scheduling, new HARQ timing, PUCCH and PHICH transmission cells, and full or partial support for the TDD UL-DL configurations are main technical consideration points.
Observation 2: In Scenario 1 and Scenario 2, DL HARQ timing for both serving cells needs to be carefully investigated to fully exploit the peak rate capability of CA. In Scenario 3, need for additional HARQ timing will depend on constraints of PUCCH transmitting cells.
Observation 3: For UL transmission, a new HARQ timing rule seems necessary when cross-carrier scheduling is configured. In Scenario 3, there would be no UL HARQ timing issue for TDD-FDD CA.
Observation 4: For TDD-FDD dual connectivity for non-CA-capable UEs, issues on resource partitioning, support of cross-carrier scheduling and new HARQ timing need to be considered.
Proposal 1: Scenario 1, 2 and 3 should be considered as deployment scenarios for TDD-FDD joint operation.
Proposal 2: TDD-FDD CA for scenarios with ideal backhaul should be investigated with a higher priority than for scenarios with non-ideal backhaul, with considerations of supporting cross-carrier scheduling.
Proposal 3: If it is agreed to support dual connectivity for single Tx-Rx UEs in RAN2, it can be considered for TDD and FDD joint operation as well, in parallel with solutions for CA-capable UEs.
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