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1. Introduction
In Rel-10 carrier aggregation for TDD, it only supports same TDD UL/DL configuration among intra-band carriers. In RAN1 66 meeting, the inter-band carrier aggregation with different TDD UL/DL configurations has been proposed for Rel -11 [1]. In RAN1 66bis meeting, it has been in agreement to support the inter-band CA of TDD carriers with different configurations in Rel-11 [2].
The timing linkage in TDD systems is not as simple as in FDD systems. The degree of complication is aggregated when we consider the CA with different TDD configurations. This is because, with different TDD configurations, there are some time instances with direction conflicting subframes among aggregated CCs. Also the timing linkage is different for each different TDD configurations and, furthermore, certain control signal has to be on specific carrier, e.g. PUCCH has to be on PCell, etc. These issues have been discussed in the previous meetings.
In this contribution, we provide possible solutions on the timing design for TDD inter-band carrier aggregation with different UL/DL configurations. It includes UL and DL HARQ timing as well as UL scheduling timing. It also provides the design for full-duplex and half-duplex scenarios.
2. Working assumptions 

In RAN1 67 meeting [3], the following working assumptions and conclusion have been reached.
· to support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells
· 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
· No new HARQ-ACK timing
· PHICH is transmitted on the cell carrying the UL grant
· RAN1 solution should support both full-duplex and half-duplex
· For PUCCH transmission, working assumption is PUCCH on PCell-only.
·  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 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
3. UL HARQ and scheduling timing design
In light of the above agreements, in this section, we propose timing linkage design options of UL HARQ and UL scheduling in inter-band CA with different UL/DL configurations for both full duplex and half duplex operations. The principle is to reuse the timing which has already defined in Rel8/9/10 specification.
Design 3-1:  For full duplex operation with cross-carrier scheduling and separate scheduling
For this design option, consider two different UL/DL configurations, C1 and C2. C1 is PCell and C2 is SCell. Regardless c-scheduling and s-scheduling, PCell UL subframes can always be scheduled and ACKed on itself component carrier C1. So PCell follows its own UL/DL configuration timing relationship. For SCell, since it has to be scheduled on PCell at least for c-scheduling, we propose that SCell UL grant and UL HARQ follow the timing of configuration with union set of UL subframes in C1 and C2 for c-scheduling and s-scheduling.
As an example, consider the case of aggregating two CCs with configuration 0 and 1 as depicted in Figure 1. If the primary cell is the cell with configuration 0, the PCell follows its own configuration timing, which is configuration 0. The union set of UL subframes in configuration 0 and 1 matches configuration 0. Therefore the SCell UL grant and UL HARQ also follows configuration 0 timing linkage based on the proposed method. Figure 1 shows the Scell timing linkage for cross-carrier scheduling case. We do not plot the timing linkage for the PCell as it is the same as in the current specification.
For illustration purpose, in the timing diagram throughout this paper, the dark blue line represents the ACK/NACK linkage; the red line is for the grant. The solid lines are for the downlink scheduling or DL HARQ ACK/NACK linkage and the dashed lines represent the uplink scheduling or UL HARQ ACK/NACK linkage.
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Figure 1 SCell timing linkage for c-scheduling with PCell configuration 0 and SCell configuration 1
Figure 2 shows the SCell timing linkage for separate scheduling case based on the proposal. Note that SCell subframe #0 and #5 are not configured with any PHICH resource for the UL/DL configuration 1. To be able to transmit ACK/NACK on those subframes, PHICH resource has to be configured on those subframes for the new release UE. The legacy UE does not know this newly configured PHICH resource. It will be simply discarded because the PDCCH blind decoding is not able to pick it up. Alternatively, only resource adaptive retransmission with UL grant can be supported without PHICH reception for PUSCH in subframe #3 and #8. 
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Figure 2 SCell timing linkage for s-scheduling with PCell configuration 0 and SCell configuration 1
Alternatively, for separate scheduling case, SCell UL grant and UL HARQ can simply follow its own UL/DL configuration timing relationship if we intend to use the current timing relationship as much as possible. Figure 3 illustrates the SCell timing linkage with this method. This method works better than the previous one and it does not have the zero PHICH resource issue. The UL HARQ cycle is shorter too. However, it only works with s-scheduling and makes the different timing linkage between s-scheduling and c-scheduling.
[image: image3.emf]P#0

S#1

0 1 2 3 4 5 6 7 8 9

D S U U U D S U U U

0 1 2 3 4 5 6 7 8 9

D S U U D D S U U D

0 1 2 3 4 5 6 7 8 9

D S U U D D S U U D

0 1 2 3 4 5 6 7 8 9

D S U U U D S U U U

0 1 2 3 4 5 6 7 8 9

D S U U U D S U U U

0 1 2 3 4 5 6 7 8 9

D S U U D D S U U D

0 1 2 3 4 5 6 7 8 9

D S U U D D S U U D

0 1 2 3 4 5 6 7 8 9

D S U U U D S U U U


Figure 3 SCell timing linkage for separate scheduling using alternative method
Design 3-2:  For half duplex operation
This scheme is designed for the low cost UE which has no capability to support simultaneous RX/TX. To facilitate the timing design, we propose that the muting always happens on SCell because the PUCCH is always on the primary cell and grants are always coming from the PCell as well if cross-carrier scheduling.
For only half duplex capable UEs, it is not a good idea to aggregate CCs with the different switch periodicity UL/DL configurations. This is because that the number of special subframes is different with different switch periodicities. As shown in Figure 4, subframe #6 has to be always muted. It leads to low resource utilization efficiency.
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Figure 4 CA between configuration 0 and configuration 5

Our proposal is that,

· Do not consider CA with different switch periodicity configurations.
· During conflicting subframes, always go with the Pcell subframe direction.
· Always use the PCell timing on all CCs.
Figure 5 illustrates the situation where configuration 2 and configuration 6 are aggregated with half duplex mode. The subframes in the box are muted. In Figure 20, the primary cell is configuration 2, so the timing relationship is following configuration 2 timing.
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Figure 5 SCell timing linkage for c-scheduling with PCell configuration 2 and SCell configuration 6

From above, our proposals are listed as follows,
Proposal 1: For full duplex, PCell follows its own UL grant and UL HARQ timing relationship
Proposal 2: For full duplex, SCell UL grant and UL HARQ follow the timing of configuration with union set of UL subframe in CCs
Proposal 3: For full duplex, alternately, SCell UL grant and UL HARQ follow its own UL/DL configuration timing relationship
Proposal 4: For half duplex, restrict CA UL/DL configuration combination within the same switch periodicity
Proposal 5: For half duplex, during conflicting subframes, go with the direction of PCell subframe

Proposal 6: For half duplex, PCell UL grant and UL HARQ timing applies to all CCs
4. DL HARQ and scheduling timing design

In this section, we discuss the DL HARQ and DL scheduling timing linkage in inter-band CA with different UL/DL configurations for both full duplex and half duplex operations. Again, the principle is to reuse the timing which has already defined in Rel8/9/10 specification.

Design 4-1:  For full duplex operation with cross-carrier scheduling and separate scheduling
Since PUCCH is always on the PCell, similar to the UL case, we propose that PCell DL HARQ follows its own UL/DL configuration timing relationship regardless c-scheduling and s-scheduling. For SCell, to guarantee the availability of UL subframe for DL HARQ, the timing of configuration with union set of DL subframe in CCs is used for DL HARQ.

As examples, Figure 1 and 2 show the case of aggregating two CCs with PCell configuration 0 and SCell configuration 1. the PCell follows its own configuration timing, which is configuration 0. The union set of DL subframes in configuration 0 and 1 matches configuration 1. Therefore the SCell DL HARQ follows configuration 1 timing linkage based on the proposed method as shown in Figure 1 and 2. We do not plot the timing linkage for the PCell as it is the same as in the current specification.
Figure 1 is for the cross-carrier scheduling case. Figure 2 shows the case of separate scheduling. As we should notice from Figure 1 that, for SCell subframe #4 and #9, there is no DL PDCCH at the same TTI to schedule them. So cross TTI or multiple TTI scheduling may be required in this case to copy with this situation in the subframe #4 and #9.
Design 4-2:  For half duplex operation
In half duplex mode, with our previous proposal to always go with the PCell subframe direction whenever direction conflict happens at the subframe level, the PCell DL HARQ timing can be applied to both PCell and SCell. One example with PCell configuration 2 and SCell configuration 6 is shown in Figure 5.
In summary, the proposal for DL HARQ timing is the following,
Proposal 7: For full duplex, PCell follows its own DL HARQ timing relationship
Proposal 8: For full duplex, SCell DL HARQ follow the timing of configuration with union set of DL subframe in CCs

Proposal 9: For half duplex, PCell DL HARQ timing applies to all CCs

5. Conclusion

We have provided a design of HARQ and scheduling timing linkage to support inter-band CA with different TDD configurations. Here is what is proposed,
Proposal 1: For full duplex, PCell follows its own UL grant and UL HARQ timing relationship
Proposal 2: For full duplex, SCell UL grant and UL HARQ follow the timing of configuration with union set of UL subframe in CCs

Proposal 3: For full duplex, alternately, SCell UL grant and UL HARQ follow its own UL/DL configuration timing relationship
Proposal 4: For half duplex, restrict CA UL/DL configuration combination within the same switch periodicity

Proposal 5: For half duplex, during conflicting subframes, go with the direction of PCell subframe

Proposal 6: For half duplex, PCell UL grant and UL HARQ timing applies to all CCs

Proposal 7: For full duplex, PCell follows its own DL HARQ timing relationship
Proposal 8: For full duplex, SCell DL HARQ follow the timing of configuration with union set of DL subframe in CCs

Proposal 9: For half duplex, PCell DL HARQ timing applies to all CCs

6. References
[1] Final Report of 3GPP TSG RAN WG1 #66 v1.0.0, Athens, Greece , 22nd through 26th August, 2011.
[2] Final Report of 3GPP TSG RAN WG1 #66bis v1.1.0, Zhuhai, P. R. China, 10th – 14th October, 2011.

[3] Draft Report of 3GPP TSG RAN WG1 #67 v0.1.0, San Francisco, USA, 14th – 18th November, 2011.

4

