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1. Introduction
In RAN1#68 meeting [1], the following agreement has been reached:
· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.
· PCell timing is the same as Rel-8/9/10

· The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration

· The PUSCH HARQ/scheduling timing on SCell shall

· For the full duplex case, follow the SCell SIB1 configuration in case of self scheduling

· follow the scheduling cell SIB1 configuration in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms
· For uplink cross-carrier scheduling, the cases that are supported in Rel-11 are:
· At least for the case where the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms
· Other cases are FFS
In this contribution, we provide our views on the timing design for FFS cases in TDD inter-band carrier aggregation with different UL/DL configurations. It includes DL PDSCH HARQ timing as well as UL PUSCH HARQ and scheduling timing.
2. PDSCH HARQ
In this section, we discuss the DL PDSCH HARQ timing linkage in inter-band CA with different UL/DL configurations. The agreement has been reached, for the case of the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration, the SCell shall follow the PCell PDSCH HARQ timing. The goal is to find out the time linkage for the remaining combination of aggregated configurations, i.e. 1. SCell downlink subframes is a superset of PCell; 2. SCell downlink subframes are neither a superset nor a subset of PCell
In [2], we have proposed a unified scheme to derive the SCell PDSCH HARQ timing. The method can be applied with any combination of two aggregated configurations. Basically, the rule is that SCell PDSCH HARQ follows the timing of a supplemental configuration with union set of DL subframe in component carriers. This rule matches with the reached agreement if the set of DL subframes of the SCell SIB1 configuration is a subset of the DL subframes of the PCell SIB1 configuration. It also applicable to the case when SCell DL subframes is of a superset of PCell.

When SCell DL subframes set is neither a subset nor a superset of Pcell, i.e. two component carriers with different DL-to-UL switching point periodicities, this rule can also be applied. One example is to consider the combination of configuration 3 and 1 as shown in Figure 1. Since configuration 1 has two special subframes, one is considered as a DL subframe. The supplemental configuration in this case is configuration 4.  
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Figure 1 Illustration of DL CA between configuration 3 and configuration 1
 By applying the same rule, we list the supplemental configuration for each possible combination of two aggregated configurations in Table 1. The SCell PDSCH HARQ timing follows the timing of the supplemental configuration DL HARQ timing.
Table 1 Supplemental configuration for SCell PDSCH HARQ timing
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Proposal 1: SCell PDSCH HARQ follows the timing of a supplemental configuration with union set of DL subframe in both component carriers.
3. PUSCH HARQ and scheduling
For PUSCH timing, the scheduling type, i.e. cross-carrier scheduling or separate scheduling, plays an important role in the design of timing linkage. In the case of separate scheduling, the SCell UL grant and UL HARQ can simply follow its own UL/DL configuration timing relationship. It has been also agreed that SCell follows the Pcell SIB1 configuration in case of cross carrier scheduling if the set of UL subframes of Scell SIB1 configuration is a subset of the UL subframes of Pcell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms. The open questions are the following,

1. Given that the set of UL subframes of Scell SIB1 configuration is a superset of the UL subframes of Pcell SIB1 configuration and the PUSCH RTT of Pcell SIB1 configuration is 10ms, should cross carrier scheduling be supported, if so, what is the PUSCH HARQ and scheduling timing on SCell?

2. Given that the set of UL subframes of Scell SIB1 configuration is neither a superset nor a subset of the UL subframes of Pcell SIB1 configuration and the PUSCH RTT of Pcell SIB1 configuration is 10ms, should cross carrier scheduling be supported, if so, what is the PUSCH HARQ and scheduling timing on SCell?

3. Given that the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms, should cross carrier scheduling be supported, if so, what is the PUSCH HARQ and scheduling timing on SCell?

In our view, it should be no restriction on the cases where cross carrier scheduling should be supported. Similar to the DL, our proposal for the SCell PUSCH HARQ and scheduling timing is to follow the timing of a supplemental configuration with UL subframe set same as one in union set of UL subframe in PCell and SCell. This design rule is not only applicable to the cases which have agreed to support, i.e. the set of UL subframes of Scell SIB1 configuration is a subset of the UL subframes of Pcell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms, but also the cases which are covered in the list above.
For example, considering the case which the primary cell is configuration 1 and the secondary cell is configuration 0, the union set of UL subframe in PCell and SCell is the same as one in the configuration 0. Therefore, for this case with cross-carrier scheduling, the SCell UL grant and UL HARQ follow the SIB1 configuration 0 timing. Figure 2 shows the SCell timing linkage for cross-carrier scheduling with PCell configuration 1 and SCell configuration 0. 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/retransmission. This example reflects the cases listed both 1 and 3 in the list since the UL subframe set in configuration 0 is a superset of the UL subframe set of Pcell configuration 1 and some of PUSCH RTT in configuration 0 are not 10ms.

[image: image3]
Figure 2 SCell timing linkage for c-scheduling with PCell configuration 1 and SCell configuration 0
For cases which the UL subframe set of Scell SIB1 configuration is neither a superset nor a subset of the UL subframe set of Pcell SIB1 configuration and the PUSCH RTT of Pcell SIB1 configuration is 10ms, our proposal is still applicable. One example is to consider the combination of configuration 3 and configuration 1. The union set of UL subframe in configuration 3 and configuration 1 is the same as one in the configuration 6 as shown in Figure 3 below.

[image: image4]
Figure 3 Illustration of UL CA between configuration 3 and configuration 1
If PCell is configuration 3 and SCell is configuration 1 in cross-carrier scheduling case, PCell PUSCH HARQ and scheduling timing shall follow the configuration 3, and SCell timing linkage follows configuration 6, based on our proposal, as shown in Figure 4.

[image: image5]
Figure 4 SCell timing linkage for c-scheduling with PCell configuration 3 and SCell configuration 1
Note that there is the zero PHICH resource issue in above mentioned examples. Specifically, subframes #0 and #5 of PCell in Figure 2 and subframe #5 and #6 of PCell in Figure 4 are not configured with any PHICH resource for their respective SIB1 UL/DL configurations. 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.
From above, our proposals are listed as follows,
Proposal 2: No restriction on the combination of aggregated component carrier SIB1 configurations in across-carrier scheduling.
Proposal 3: SCell PUSCH HARQ and scheduling timing follow the timing of a supplemental configuration with union set of UL subframe in both component carriers.
4. Conclusion

We have provided our views on the design of HARQ and scheduling timing linkage to support inter-band CA with different TDD configurations. Here is what is proposed,
Proposal 1: SCell PDSCH HARQ follows the timing of a supplemental configuration with union set of DL subframe in both component carriers.

Proposal 2: No restriction on the combination of aggregated component carrier SIB1 configurations in across-carrier scheduling.
Proposal 3: SCell PUSCH HARQ and scheduling timing follow the timing of a supplemental configuration with union set of UL subframe in both component carriers.
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