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1. Introduction
In Rel-8, only intra-band carrier aggregation is supported for TDD. To provide more flexibility and accommodate wider deployment scenarios, it was agreed to work on “inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands” in Rel-11. The following deployments are possible for TDD inter-band carrier aggregation.
· Same TDD UL-DL configuration on different bands. 
· Different TDD UL-DL configurations on different bands. 
For both TDD inter-band carrier aggregation deployments, RAN4 shall specify the corresponding RF requirements, which is the main task to support TDD inter-band carrier aggregation. From RAN2 point of view, The Rel-10 TDD intra-band CA design can be reused if the same TDD UL-DL configuration is applied on different bands. Allowing different TDD UL-DL configurations on different bands is also an important feature, with the main use case to address the coexistence with already deployed TDD systems in the respective bands.

In this contribution, we provide some initial considerations on TDD inter-band CA with different TDD UL-DL configurations on different bands, focusing on the usage of subframes with different transmission directions in different bands.
2. Discussion
The most significant characteristic of inter-band CA with different TDD UL-DL configurations on different bands is that there exists subframe(s) where the transmission directions on different aggregated carriers are different. Such subframe(s) are referred to as overlapped subframe(s) in this contribution. The UE behavior on the overlapped subframe(s) is restricted by the UE capabilities, e.g. simultaneous transmission and reception in a subframe on different bands, capability of UL inter-band CA. The related UE capabilities have significant impacts on UE implementation and specification. Therefore, it is commended to be discussed first.
Generally, four UE types could be considered for TDD inter-band CA with different UL-DL configurations, as shown in Table 1. In this section, we discuss the possible operations for these UE types, respectively.
Table 1: Possible TDD UE CA capabilities in Rel-11
	
	DL inter-band CA 
	Concurrent Tx/Rx 
	UL inter-band CA

	UE Type A
	Yes
	No
	No

	UE Type B
	Yes
	No
	Yes

	UE Type C
	Yes
	Yes 
	No 

	UE Type D
	Yes
	Yes 
	Yes


2.1. For UE with Type A/B
As both UE type A and B do not support simultaneous transmission and reception in different bands in one subframe, we treat these two UE types together. Overall, the transmission direction in the overlapped subframe(s) for UE type A/B shall be known by the UE, with the following two possible design options.
Option 1: The transmission direction in overlapped subframe(s) is determined by the TDD UL-DL configuration on the PCell.
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Figure 1: Option 1 for UE Type A/B
In the overlapped subframe(s), the service cell(s) with the same transmission direction as the PCell can be used, e.g. subframe #3 and 8 on SCell cannot be used since the transmission direction is opposite of the PCell as shown in Figure 1. 
The main benefit of Option 1 is that it allows maximal reuse of Rel-10 TDD intra-band carrier aggregation design, e.g. 

· The PDSCH HARQ timing on all serving cells follows the TDD UL-DL configuration on the PCell, and the Rel-10 ACK/NACK feedback scheme can be largely reused. This is applicable to both cross carrier and non-cross carrier scheduling.
· The PUSCH HARQ timing follows the TDD UL-DL configuration on the respective serving cell where the UL grant is transmitted, which follows the same design in Rel-10 CA.
On the other hand, the transmission direction in overlapped subframe(s) cannot change, leading to potentially inflexible usage of overlapped subframe(s).
Option 2: The transmission direction in overlapped subframe(s) is configured by network.

With this option, the eNB can configure the transmission direction in overlapped subframe(s) based on the traffic requirement. The transmission direction of overlapped subframe(s) can be semi-statically or dynamically configured.

Option 2-1: Semi-static configuration via L2/L3 signaling
With the transmission direction in overlapped subframe(s) being semi-statically configured by higher layers, the effective TDD UL-DL configuration for a UE may be different from the PCell or SCell. One example is shown in Figure 2 where two serving cells with TDD UL-DL configuration 0 and 2 are aggregated. Subframes #{3, 8} are configured for uplink transmission, and subframes #{4, 9} are configured for downlink transmission. From the UE’s perspective, the effective TDD UL-DL configuration is configuration 1. The impact on PDSCH/PUSCH HARQ for Option 2-1 is discussed below.

· PDSCH HARQ 
Since PUCCH can only be transmitted on the PCell, the PDSCH HARQ timing shall consider the set of subframes usable for PUCCH transmission. With Option 2-1, it is possible that an overlapped subframe is configured for DL transmission while it is an UL subframe on the PCell, e.g. subframes #{4, 9} in Figure 2. This requires that the PDSCH HARQ timing for the UE cannot follow the cell-specific TDD UL-DL configuration on the PCell. In general, a UE-specific reference TDD UL-DL configuration X is needed for PDSCH HARQ with Option 2-1. The UE specific reference configuration X may or may not be the same as the cell-specific TDD UL-DL configuration on PCell. For example, for a UE as configured in Figure 2, the reference configuration X is TDD UL-DL configuration 1, which is different from the cell-specific TDD UL-DL configuration on the PCell.

[image: image2.emf]D S U U U D S U U U

D S U D D D S U D D

Pcell

Configuration 0

Scell

Configuration 2

×

×

×

×

s0 s1 s2 s3 s4 s5 s6 s7 s8

s9


Figure 2: Example of Option 2-1
· PUSCH HARQ 
For PUSCH HARQ, in case of non-cross carrier scheduling, the PUSCH HARQ timing can follow the cell-specific TDD UL-DL configuration on the respective cell where the UL grant is transmitted. This basically reuses the Rel-10 CA design.

On the other hand, for cross carrier scheduling, the PUSCH HARQ timing may need to follow a UE-specific reference TDD UL-DL configuration Y, which may be different from the cell-specific TDD UL-DL configuration on the PCell. An example is shown in Figure 4, where the reference configuration (i.e. Y) is TDD UL-DL configuration 1, which is different from the cell-specific TDD UL-DL configuration on the PCell (i.e. configuration 2).
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Figure 4: Example of UE-specific reference TDD UL-DL configuration for PUSCH HARQ
For cross carrier scheduling and reference configuration Y being different from the PCell, discrepancy on the PHICH/PDCCH resource exist between legacy UEs and TDD inter-band CA UEs. 

Option 2-2: Dynamic configuration via L1 signaling

Another option to indicate the transmission direction in the overlapped subframe(s) is to reply on L1 signaling, i.e. PDCCH. One possible approach is that if PUSCH transmission in an overlapped subframe is indicated e.g. by UL grant, PHICH, or via semi-persistent scheduling, then the transmission in overlapped subframe is for UL; otherwise, the transmission direction in the overlapped subframe is DL. It is noted that the issues with Option 2-1 also exists for Option 2-2. 

The comparison between Option 1 and Option 2 is summarized in Table 2. Considering that inter-band CA with different TDD UL-DL configurations on different bands is not required for all deployment scenarios, a simple solution that does not require significant specification is preferable. 
Table 2: Comparison between Option 1 and Option 2

	
	Option 1
	Option 2

	Advantage
	Simple design by reusing Rel-10 CA design
	Flexible usage of overlapped subframe

	Disadvantage
	Inflexible usage of overlapped subframe(s)
	1. HARQ timing needs to be defined

2. New signalling is needed

3. Enhancements on PUCCH/PHICH/PDCCH are needed[1]

	Standard impact
	Minor
	Significant


For both options, there are potential problems on DL measurements[5][6]: For some real uplink subframe(s) on PCell or SCell, when they are overlapped by other aggregated cell’s downlink subframe(s), UE cannot get any downlink signalling on them although they are configured or assumed as downlink subframes. This will affect the performances of RRM measurement and RLF detection. This should also be considered when choosing any of the options.
2.2. For UE with Type C
For Type C UEs, it is not possible to transmit PUCCH on different bands simultaneously in a subframe, since UL CA is not supported. Therefore, the ACK/NACKs corresponding to PDSCHs on different bands shall be transmitted on one carrier. In addition, a Type C UE may be dynamically scheduled to transmit and receive in overlapped subframes. These make the design for UE Type C similar to Option 2-2 of UE Type A/B.
2.3. For UE with Type D
For Type D UEs, simultaneous uplink transmissions on different bands are supported. In this case, it is possible to extend PUCCH transmission beyond PCell, in the sense that one cell per band can be configured to transmit the ACK/NACKs corresponding to the PDSCHs received on the respective band. This would allow the reuse of Rel-10 intra-band CA design in each of the aggregated bands without significant additional specification work, while being able to flexibly use the overlapped subframes for DL and UL transmissions. When Type D UE is configured with only DL inter-band CA, i.e. without UL inter-band CA, it can be seen as Type C UE. Since it is RAN4’s issue whether Type C/D UE is supported in Rel-11, it is too early to discuss RAN2’s solutions for them now. Nevertheless, some kind of baseline UE type should be first assumed, and study the possible solution for it.
3. Conclusion
In this contribution, we discuss the issues of TDD inter-band CA with different TDD UL-DL configurations on different bands, focusing on the usage of overlapped subframes where the transmission direction is different on different bands. Four different UE types are discussed, where different capabilities are defined for these UE types. The design principles as well as the specification impact for each UE type are provided. Specifically, we have the following proposal:
Proposal: The Rel-11 TDD inter-band CA shall assume a baseline UE type which is not capable of simultaneous transmission and reception on different bands in the same subframe. A complete solution with minimal specification impact is preferred for such a baseline UE to support TDD inter-band CA.
As UE capabilities of concurrent Tx/Rx and UL inter-band CA are more like RAN4 issues, meanwhile, HARQ and cross-carrier scheduling are more related to RAN1, it is better for RAN2 to wait for RAN1/RAN4 conclusions or send LS to them, so that the different WGs can have the same understanding on these issues.
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