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1 Introduction 

In 3GPP RAN1 #68bis meeting[1], the following agreement and working assumption related to half duplex operation in TDD inter-band CA with different UL/DL configurations have been reached.

· On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self-scheduling

· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing

· Can be revisited after discussion of other DL and UL cases

· FFS which alternative to choose for half-duplex case, in case of self-scheduling,  

· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB
· On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)

· In case of self-carrier scheduling, 

· For half duplex case, working assumption is the timing table in alternative 1

· FFS which alternative to choose for half-duplex case, in case of self-scheduling,  

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

In our view the transmission direction determination is the most critical issue in the half duplex operation, and it has to be agreed on first before discussing the timing schemes for PDSCH and PUSCH. In this contribution, we provide our view on how to choose the transmission direction during the direction conflict subframes in half duplex operation due to the different TDD UL/DL configurations on each component carriers. A proposal of PDSCH HARQ and PUSCH HARQ/scheduling timing design is also provided.
2 Transmission direction during UL/DL conflict subframes

As mentioned in the introduction, there are two possible alternatives have been proposed for further study. 

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

2.1 Follow PCell direction

With this method, the transmission direction follows PCell subframe direction whenever the direction conflict happens. Figure 1 shows an example of PCell with UL/DL configuration 6 aggregating with SCell with UL/DL configuration 2.  


[image: image4.jpg]Pcell 0f1]2]3
config.#6

Scell 01
config.#2





Figure 1: Example based on Alt 1.
This alternative is simple and straightforward since the UL/DL conflict subframe direction is fixed and based on PCell SIB1 configuration. The direction switching point is pre-determined. It will help to keep the UE complexity low. The pre-determined transmit direction will also lead a simple and stable HARQ and scheduling timing design. It may be more helpful on PUSCH since it is synchronous HARQ process. eNB scheduler complexity is lower as well. 
This approach appears to have less flexibility, comparing to Alt 2, on the resource allocation between the UL and DL due to the per-determined the transmission direction although the overall gain of Alt 2 is still questionable. Moreover, the half duplex operation is designed for the low cost UE which is not necessary targeted for the performance optimization. It is desirable to keep UE and eNB relative simpler and lower cost by using alternative 1.
2.2 Determined by eNB
In this method, the transmission direction during conflict subframe is determined by eNB scheduler dynamically. The way it works is because the UL grant is always sent in advance. If the UE receives a UL grant for the subframe or there is UCI to be transmitted on the subframe, the subframe will be used as a UL subframe. Otherwise, the subframe will be used as a DL subframe and the UE will try to search for the DL assignment in PDCCH of this subframe.
On the surface, this approach seems to have more flexibility on the resource allocation between UL and DL. However, the flexibility of conflict subframe direction assignment comes at the expense of restricting the use of other subframes.
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Figure 2: Example of eNB determined method.

For example, in Figure 2, two CCs with the same SIB1 configurations as in Figure 1 are aggregated. The conflict subframe transmission direction is determined by the eNB scheduling as shown in Figure 2. Subframe #3 and #8 are allocated as DL direction to increase the DL throughput. However, it restricts the DL subframe #0 and #6 on PCell due to the muting of the UL subframe #3 and #8 on PCell which are needed for the ACK/NACK transmission of subframe #0 and #6. Therefore, the gain of two DL subframes #3 and #8 leads to the loss of two DL subframes #3 and #8 on PCell. The overall DL throughput improvement may be minimal.

Furthermore, in Figure 2, when the transmission directions change from DL (subframe #3) to UL (subframe #4) direction, it requires an extra guard period. The UE will not be able to receive the last part of a downlink subframe immediately preceding an UL subframe. This part may be significant if the cell radius becomes large. At the same time, contrary to the PCell alternative, with Alt 1, eNB scheduler will be more complexity, more complicated HARQ timing scheme required.
Based on the above discussion, we propose the following,
Proposal 1: For half duplex operation, the transmission direction of all subframes follow PCell SIB1 configuration.
3 HARQ timing design
With the transmission direction following the PCell direction, the HARQ timing design is relative straightforward. It is a natural choice to use PCell SIB1 configuration as a reference configuration for PDSCH HARQ-ACK timing as well as PUSCH HARQ and scheduling timing. This is because, after muting the SCell subframes in position wherever the direction conflict happens, PCell always has the superset of DL and UL subframes comparing to SCell regardless TDD UL/DL configurations on both PCell and SCell cells. This should be applicable to both self-carrier scheduling and cross-carrier scheduling scenarios.

By following PCell SIB1 configuration timing, all subframes, unless those are muted due to the direction conflict, are able to be scheduled and utilized even though the UL or DL direction may not be flexible. This design is simple. There is almost no extra specification work required.
Proposal 2: For half duplex operation, PDSCH HARQ-ACK timing of SCell should follow PCell SIB1 configuration timing.

Proposal 3: For half duplex operation, PUSCH HARQ and scheduling timing of scheduled cell should follow scheduling cell SIB1 configuration timing.
4 Conclusions
In this contribution, we have compared pros and cons of two possible approaches to determine the transmission direction in half duplex operation of TDD inter-band carrier aggregation with different UL/DL configurations. Given the assumption of following PCell direction, we have also proposed the timing design for PDSCH HARQ as well as PUSCH HARQ and scheduling. Our proposals are summarized as follows,
Proposal 1: For half duplex operation, the transmission direction of all subframes follow PCell SIB1 configuration.
Proposal 2: For half duplex operation, PDSCH HARQ-ACK timing of SCell should follow PCell SIB1 configuration timing.

Proposal 3: For half duplex operation, PUSCH HARQ and scheduling timing of scheduled cell should follow scheduling cell SIB1 configuration timing.
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