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1. Introduction

In LTE-A release 10, the carrier aggregation for TDD is supported only for the same TDD UL/DL configurations across all configured serving cells. The different TDD UL/DL configurations on different bands are being considered for LTE-A release 11 [1].
In this contribution, we discuss the motivation and the basic approach for the different TDD UL/DL configurations among configured serving cells.
2. Discussions
A main motivation of deploying different TDD UL/DL configurations in inter-band CA is to provide a network flexibility on per-cell based cell planning. In general, in order to handle inter-cell interference in TDD efficiently, the same TDD UL/DL configurations between different cells would be desirable. For network flexibility in terms of independent cell planning as well as traffic load balancing, the different TDD UL/DL configuration across frequency (CC) domain is possible if the multiple RF chains are supported. For inter-band CA unlike intra-band case, to use multiple RF chains is natural. With this, different TDD UL/DL configuration across CC is possible. Therefore, the motivation of inter-band CA for different TDD UL/DL configurations could be the enhancement of DL/UL throughput with network flexibility.
It has been well identified that some problems with different TDD configurations in inter-band CA occur in terms of HARQ-ACK timing and PDSCH/PUSCH transmissions due to overlapped DL and UL subframes between cells in CA [2]-[13]. Some solutions were suggested according to the UE capability of simultaneous Tx/Rx (duplex) for TDD.  The motivation of inter-band CA for different TDD UL/DL configurations is quite relevant to the above discussions of whether the UE has the aforementioned capabilities or not. When assuming the UE supporting simultaneous capability Tx/Rx (full duplex), the benefits are apparent and worthwhile since all the subframes could be available regardless whether the subframe is overlapped with different direction from other cell or not. In this sense, our view is that different TDD UL-DL configurations for inter-band CA are beneficial assuming that the UE has the capability of simultaneous Tx/Rx (full duplex). 
In addition, with this scenario that different TDD UL-DL configuration for inter-band CA is supported assuming full duplex UEs, it is also beneficial with different TDD UL-DL configurations in inter-band CA for the UEs not supporting simultaneous Tx/Rx (half duplex) since it can still enjoy carrier aggregation for additional throughput by possibly aggregating non-overlapped DL/UL subframes. Moreover, as for the capability of simultaneous Tx/Rx (duplex) in TDD CA, RAN1 sent an LS to RAN4 about the UE capability for simultaneous Tx/Rx (duplex) and duplex scenarios [14]. Since it would be up to RAN4 discretion, we might consider two different UE capabilities of supporting simultaneous Tx/Rx (duplex).
Proposal 1: The different TDD UL/DL configurations for inter-band CA shall be supported for a Rel-11 UE having simultaneous Tx/Rx capability (full duplex) to maximize DL/UL throughput with network flexibility.
Proposal 2: The different TDD UL/DL configurations for inter-band CA shall be also supported for a Rel-11 UE not having simultaneous Tx/Rx capability (half duplex) to provide additional benefits together with full duplex UEs by possibly aggregating more DL/UL subframes.

3. Methods to Support the Different UL/DL Configurations
When different TDD UL/DL configurations are used among configured serving cells, the main concern may be the different control timing (e.g., PDSCH-to-PUCCH, PUSCH-to-PHICH, etc) among configured serving cells.
Figure 1 shows an example for PUCCH timing issue when different TDD UL/DL configurations are applied between configured serving cells. In Rel-10, ACK/NACK feedback across all configured cells should be transmitted on a single PUCCH only on the PCell. If the Rel-10 concept would be directly extended for different TDD UL/DL configurations, each cell can be considered as the reference cell for PUCCH timing. From the Figure 1, the different DL (for Cell #0) and UL subframe (for Cell#1) at subframe 4 exists in the different cells. Because the subframe 4 is not the uplink for PCell, the HARQ-ACK for n-5th subframe (subframe 9) and n-4th subframe (subframe 0) of SCell cannot be transmitted in subframe 4, in which some additional solutions would be required. Similar issues also exist other control timing. For examples, there may be no DL subframe for PHICH on PCell in some cases in response to PUSCH on SCell when the cross carrier scheduling is configured.
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Figure 1. Example of the PUCCH timing for different TDD UL/DL configurations between two configured serving cells.
To address these timing issues for different TDD UL/DL configurations in inter-band CA, we can consider two options as follows:
· Option 1 : Multiple anchor group approach
Given that the different TDD UL/DL configurations would be typically applied for different bands, the similar approach like TA group [15] can be considered as shown in Figure 2. For each group, there is a single anchor cell which can transmit PUCCH and a UE can assume that all configured serving cells within a group have the same TDD UL/DL configurations. Since the eNB can control the group configurations, it does not necessarily mean that all cells with the same TDD UL/DL configurations shall be included in the same group. It is noted that the number of PCell can be still one while the number of anchor groups is multiple. When there are n groups, the multiple PUCCHs can be transmitted on n anchor cells in n anchor group. The same principle as Rel-10 for all the transmissions related can be applied per anchor group.
[image: image2.png]Possibly different TDD
[ e———————" UL/DL configurations

Cell Cell
Group #0 Group#1
Same TDD UL/DL Same TDD UL/DL
configuration configuration
s
PCell | \[sCell #0| ISCell #1|1) [SCell #2|
[ = ——

An anchor cell per group




Figure 2. Multiple anchor group approach
· Pros

· Simple and straightforward
· Very limited additional specification effort
· Simple extension for all combinations of different TDD UL/DL configurations

· Cons

· Restriction of flexibility

· A cross-carrier scheduling may be prohibited across groups (or bands) in order not to introduce more specification efforts.
· Given each anchor cell is not deactivated like PCell, the cell configuration flexibility may be reduced for SCell activation/deactivation in order not to introduce more specification efforts.
· Option 2 : Single anchor group approach
As in Rel-10 CA, we can also consider single anchor group approach where PUCCH is transmitted only on PCell as shown in Figure 3. Given that, some significant issues need to be addressed as discussed above such as the timing for PDSCH to PUCCH, for PUSCH to PHICH or etc. In order to solve those issues, some approaches (for example, readjustment of the related timing such as the HARQ-ACK timing for SCell in case that the corresponding PCell subframe is not defined for UL subframe, definition of the reference UL/DL configuration whose HARQ related timing is used for different UL/DL configuration based CA, etc.) can be considered. However, these solutions may require larger specification efforts. 
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Figure 3. Single anchor approach
· Pros

· Flexibility

· A cross-carrier scheduling can be possible for all configured serving cells as in Rel-10 with some more considerations.
· The cell configuration flexibility can be maintained as the same in Rel-10.
· Cons 
· Need to the large specification efforts
· Need to consider all the combinations or some restrictions for TDD UL/DL configurations
If the overall solution is based on option 2, the design would have been optimized for a UE not supporting simultaneous Tx/Rx (half duplex). This gives a negative impact to the high-end UE supporting simultaneous Tx/Rx (full duplex), although the different TDD UL/DL configurations has more significant benefits for high-end UE. If the solution is based on option 1, the design would have been optimized for a UE supporting simultaneous Tx/Rx (full duplex). Further modification or other approach like option2 would be more suitable to enable the UE not supporting simultaneous Tx/Rx (half duplex).
Proposal 3: It shall be precluded that the solution for a low-end UE with half duplex capability is also applied for a high-end UE with full duplex capability.
Proposal 4: Multiple anchor group approach (Option 1) should be a baseline solution for a UE supporting simultaneous Tx/Rx (full duplex). For a UE not supporting simultaneous Tx/Rx (half duplex), single anchor group approach (Option 2) or another solution can be considered.
4. Conclusion

In this contribution, we discussed main target related to UE capability and timing issue for different TDD UL/DL configurations on different bands. As a conclusion, we propose the following;

Proposal 1: The different TDD UL/DL configurations for inter-band CA shall be supported for a Rel-11 UE having simultaneous Tx/Rx capability (full duplex) to maximize DL/UL throughput with network flexibility.

Proposal 2: The different TDD UL/DL configurations for inter-band CA shall be also supported for a Rel-11 UE not having simultaneous Tx/Rx capability (half duplex) to provide additional benefits together with full duplex UEs by possibly aggregating more DL/UL subframes.

Proposal 3: It shall be precluded that the solution for a low-end UE with half duplex capability is also applied for a high-end UE with full duplex capability.

Proposal 4: Multiple anchor group approach (Option 1) should be a baseline solution for a UE supporting simultaneous Tx/Rx (full duplex). For a UE not supporting simultaneous Tx/Rx (half duplex), single anchor group approach (Option 2) or another solution can be considered.
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