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1
Introduction
In RAN1#74bis, the following agreements were reached regarding TDD-FDD carrier aggregation:

· Ideal backhaul is assumed for TDD-FDD CA

· TDD and FDD cells are synchronized

· The followings are supported when designing Rel-12 TDD-FDD carrier aggregation:

· Maximum supported number of aggregated CC is 5

· Aggregation of different UL/DL configurations for TDD carriers on different bands is supported

· Same UL/DL configuration should be applied for intra-band CA

· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded
Once the basic assumptions have been agreed, the next step is to discuss which serving cell is used for PUCCH, as well as the exact HARQ-ACK and scheduling timing for the different TDD-FDD CA cases. In this contribution we discuss the PUCCH transmission and the details of HARQ-ACK timing considering both cases of FDD and TDD as Pcell, as well as PDSCH and PUSCH. We focus here on self-scheduling. Regarding cross-carrier scheduling, we believe that the use cases should be first clarified – we have discussed this aspect in another contribution [1].
2
Serving cell for PUCCH transmission

One open issue identified in RAN1#74bis was whether PUCCH should be allowed to be transmitted on the Scell, or whether it is always transmitted on the Pcell as in Rel-10/11 carrier aggregation. Since the choice of serving cell for PUCCH transmission has a significant impact on the PDSCH HARQ-ACK timing, this decision needs to be taken before going into the details of PDSCH HARQ-ACK timing. 
Related to this, in [2] it was identified that in heterogeneous networks with a large number of small cells underlying one macro cell, PUCCH overhead may become a problem if PUCCH is transmitted only on the Pcell (i.e. on the macro cell) as the overhead scales with the number of small cells. Therefore it was proposed that PUCCH should be allowed to be transmitted also on the Scell in order to offload PUCCH from the macro cell. We also believe that this concern raised in [2] is a valid one. However, the problem seems not to be specific to TDD-FDD CA as similar problems may arise also in case of TDD-TDD CA and even FDD-FDD CA in similar network deployments.
Furthermore, in [3] and also in this contribution in section 3.2, we have identified that it is rather difficult to support FDD Scell PDSCH HARQ-ACK transmission on a TDD Pcell without introducing scheduling restrictions in FDD Scell DL. Hence as discussed in [3], improved support of TDD Pcell could be enabled by allowing PUCCH transmission on the Scell (FDD in this case).
Obviously, challenges could be expected in case a UE without UL CA capability would need to transmit its PUCCH on the Scell uplink. Hence within the scope of TDD-FDD CA, for UEs that are not capable of UL CA, we believe it is sufficient to focus on the case that PUCCH is transmitted within Pcell only. Still, for UEs that are UL CA –capable, it would make sense to allow PUCCH transmission on Scell as well. But since this applies also to dual connectivity and other types of carrier aggregation (not just TDD-FDD CA), it may be worthwhile to consider if more generic support of PUCCH on Scell should be introduced, for instance within a potential dual connectivity work item. In this case it would just need to be ensured that any such solution would be applicable also to CA, not only dual connectivity.
Proposal 1:

· In TDD-FDD CA work, specify HARQ-ACK timing assuming PUCCH transmission on Pcell.
· In addition, consider enabling PUCCH transmission on Scell at least for UL CA –capable UEs.

· The related specification work can be done also within a potential dual connectivity work item.

3
HARQ-ACK timing for self-scheduling

In case the PUCCH is transmitted on the Pcell, the PDSCH HARQ-ACK timing needs to be specified separately for FDD Pcell and TDD Pcell cases. Here we discuss both cases, FDD Pcell in section 3.1 and TDD Pcell in section 3.2. Note that for PUSCH, similarly to Rel-11 TDD CA with different DL-UL configurations, in case of self-scheduling the UL grant transmission and corresponding PHICH timing are straightforward and can simply follow the serving cell timing as already specified in TS 36.213.
Proposal 2:
· In case of self-scheduling, PUSCH and corresponding (E)PDCCH/PHICH transmission timing shall follow the existing timing mechanisms, i.e. the serving cell timing.

3.1
PDSCH HARQ-ACK timing in case of FDD as Pcell
When PDSCH is scheduled on both FDD and TDD cells, and the Pcell is using FDD, essentially two options can be identified for HARQ-ACK timing assuming reuse of existing timing relationships. Basically, either the existing TDD HARQ-ACK timing or the existing FDD HARQ-ACK timing mechanisms can be utilized.

Option 1: Follow the existing TDD HARQ-ACK timing mechanisms for the TDD SCell
Following the TDD HARQ-ACK timing for the TDD SCell provides a simple and straightforward solution without major standard impacts. This option is illustrated in Figure 1. Note that the FDD Pcell HARQ-ACK timing is unchanged, while the TDD Scell ACK/NACKs are transmitted according to the TDD Scell DL-UL configuration HARQ-ACK timing. Essentially, in case the FDD UL subframe coincides with a TDD UL subframe, the TDD CA rules can be utilized together with FDD CA rules for determining the UCI to be transmitted within that UL subframe. Similarly, in case the FDD UL subframe coincides with any TDD DL subframe (including special subframes), the FDD CA rules can be utilized for determining the UCI. In this case the PUCCH resource consumption varies more significantly between different FDD UL subframes than if FDD timing (option 2) is utilized, and also more ACK/NACK bundling needs to be utilized. Furthermore, this option inherits the limitations of TDD-TDD CA, for instance the number of aggregated TDD carriers is limited in case at least one TDD Scell is utilizing UL-DL configuration 5. On the other hand, this would enable similar HARQ-ACK timing on the TDD carrier for both CA and non-CA UEs, which could simplify scheduling.
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Figure 1. Utilizing TDD timing for TDD Scell HARQ-ACK in case of FDD Pcell (example with UL-DL configuration 1).
Option 2: Follow the existing FDD HARQ-ACK timing mechanisms for the TDD Scell
If on the other hand the existing FDD HARQ-ACK timing mechanisms are utilized also for the TDD SCell, the standard impact is also kept small as the existing FDD CA procedures can be directly reused in UCI determination. Also the PUCCH resource consumption is slightly stabilized across UL subframes compared to option 1. Furthermore, less ACK/NACK bundling is required compared to option 1. Additionally, the size of HARQ-ACK feedback is quite equal for both FDD PCell/SCell and TDD SCell, simplifying further the TDD-FDD CA operation. It is noted that in this case the number of HARQ processes on the TDD SCell can be reduced compared to normal TDD operation (and compared to option 1). This would in principle enable reducing the size of the HARQ process number field in the DCI format to 3 bits. This option is illustrated in Figure 2.
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Figure 2. Utilizing FDD timing for TDD Scell HARQ-ACK in case of FDD Pcell (example with UL-DL configuration 1). 
Option 2 provides a simple way to operate TDD-FDD CA in case of FDD Pcell as the TDD Scell can be treated very similarly to any FDD Scell with downlink scheduling restrictions, simplifying both UE and network operation. Therefore we slightly prefer option 2.

Proposal 3: 

· In case of FDD Pcell, the TDD Scell PDSCH HARQ-ACK timing shall follow normal FDD timing.
3.2
PDSCH HARQ-ACK timing in case of TDD as Pcell
When PDSCH is scheduled on both FDD and TDD cells, and the Pcell is using TDD, HARQ-ACK transmission becomes more complicated as there are not always UL subframes available on the TDD PCell for PUCCH transmission. Several options can be identified as discussed in the following.
Option 1: Follow timing of the TDD Pcell
The first and simplest option is to just follow the timing of the TDD Pcell as illustrated in Figure 3. While the specification impact is negligible as the FDD Scell can be treated similarly to a TDD Scell with the same DL-UL configuration, obviously significant throughput losses are observed since not all FDD DL subframes are schedulable due to lack of corresponding PUCCH resource.
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Figure 3. Utilizing the TDD Pcell timing for FDD PDSCH HARQ-ACK.
Option 2: Follow timing of a DL reference configuration for the FDD Scell
An alternative option is to follow the timing of a DL reference configuration introduced in Rel. 11 as illustrated in Figure 4. As illustrated in the figure, if for instance UL-DL configuration 5 is utilized as the DL reference configuration, only roughly 10% loss is observed due to non-schedulable FDD DL subframes. Of course, using DL reference configuration 5 suffers from limitations in terms of supported number of carriers that can be aggregated. In case of a larger number of aggregated carriers (up to 5), other UL-DL configurations can still be utilized as the DL reference configuration, and the FDD DL loss can still be kept to approximately 20% (using DL reference configuration 2). In principle, this operation mode is very similar to considering the FDD SCell DL as an aggregated TDD carrier in the Rel. 11 TDD CA framework. 
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Figure 4. Utilizing TDD timing according to a DL reference configuration for FDD PDSCH HARQ-ACK. In this example UL-DL configuration 5 is used as the DL reference configuration for the FDD SCell.
Option 3: Introduce new HARQ-ACK timing for the FDD SCell
Finally, in order to avoid the loss due to non-schedulable FDD DL subframes, RAN1 could in principle define new HARQ-ACK timing for subframes that are otherwise not schedulable. This option is illustrated in Figure 5 for UL-DL configuration 1.
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Figure 5. Utilizing a new timing for the FDD SCell – the red line indicates the newly defined timing in case of TDD UL-DL configuration 1.
Each of the three options means effectively that FDD SCell DL will follow the basic TDD HARQ timeline. Therefore some changes to the DCI format are required, as for instance the number of HARQ processes on the FDD Scell will need to be aligned with TDD PDSCH HARQ round trip time. Option 3 would, in addition to requiring new HARQ-ACK timing to be specified, imply changes to UCI determination. Also an increased number of HARQ processes would be required compared to what currently happens even in TDD-TDD CA requiring potential changes in the UE category definition and related soft-buffer handling. Based on these considerations, we think that the reuse of the Rel. 11 TDD CA framework with Option 2 seems to be the most reasonable solution.
Proposal 4:
· In case of TDD Pcell, the FDD Scell PDSCH HARQ-ACK timing shall follow a DL reference configuration timing.
· New HARQ-ACK timing shall not be introduced.
· Existing TDD UL-DL configurations shall be used as DL reference configuration.
4
Conclusions
In this contribution we have discussed transmission of PUCCH on Scell as well as the details of HARQ-ACK and PDSCH HARQ-ACK timing in TDD-FDD CA in case of self-scheduling. Our proposals can be summarized as follows:
Proposal 1:

· In TDD-FDD CA work, specify HARQ-ACK timing assuming PUCCH transmission on Pcell.
· In addition, consider enabling PUCCH transmission on Scell at least for UL CA –capable UEs.

· The related specification work can be done also within a potential dual connectivity work item.

Proposal 2:
· In case of self-scheduling, PUSCH and corresponding (E)PDCCH/PHICH transmission timing shall follow the existing timing mechanisms, i.e. the serving cell timing.

Proposal 3: 

· In case of FDD Pcell, the TDD Scell PDSCH HARQ-ACK timing shall follow normal FDD timing.

Proposal 4:
· In case of TDD Pcell, the FDD Scell PDSCH HARQ-ACK timing shall follow a DL reference configuration timing.
· New HARQ-ACK timing shall not be introduced.

· Existing TDD UL-DL configurations shall be used as DL reference configuration.
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