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1 Introduction
In Rel-11 CA enhancements WID [1], one of the possible CA enhancements is “support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands.” In this paper, we share our views on the possible standard impact for supporting carrier aggregation with different TDD configurations. 
2 Discussion

LTE provides 7 TDD UL-DL configurations with different kinds of DL and UL ratios in order to accommodate different traffic types and to flexibly utilize the radio resource, as shown in Table 1. 
Table 1: TDD uplink-downlink configuration
	Uplink-downlink 
Configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


In Rel-10, with the support of carrier aggregation, the throughput can be significantly enhanced. In Rel-10 TDD CA, only intra-band aggregation with the same UL-DL configuration is supported. That is because different UL-DL configurations in the same band may bring about simultaneous DL reception and UL transmission in the same TTI at UE. Without adequate frequency separation and proper duplexer design, it may cause severe self-jamming, which means the UL transmission signal of one CC may directly interfere the DL reception signal of another CC.
In Rel-11, inter-band TDD CA will be supported. The constraint on the same UL-DL configuration might be relaxed in order to provide more flexible resource utilization, and to have the benefit on efficient UL transmissions. The other motivation is to keep the co-existence with the legacy TDD system, e.g., TD-SCDMA system, which is critical to network evolution. In other words, for inter-band TDD CA, both the same UL-DL configuration and different UL-DL configurations carrier aggregation might be possibly supported. To support carrier aggregation with different UL-DL configurations, the possible standard impact is listed for discussion. 
2.1 Possible standard impact in RAN4 – Requirements on band separation and duplexer
As the carriers with different TDD UL-DL configurations from different bands have been aggregated, UE’s DL reception and UL transmission may overlap in some subframes, i.e., simultaneous DL reception and UL transmission happen in the same TTI. To make TDD CA with different UL-DL configurations operable, one important thing is to resolve the self-jamming issue. It needs RAN4’s evaluation on requirements for band separation and duplexer.
Similar to FDD operation with full duplex mode, proper band separation is needed to avoid self-interference on the operation of simultaneous DL and UL transmissions at both UE and network sides. RAN4 is suggested to investigate the requirement on band separation of aggregated carriers with different TDD UL-DL configurations in different bands. More specifically, RAN4 is suggested to specify the band combinations with the support of different TDD UL-DL configurations. 
In addition, the requirement on duplexer to mitigate self-jamming for a UE supporting TDD CA with different UL-DL configuration should also be investigated by RAN4. 
Proposal 1: Band combinations for TDD CA with different UL-DL configurations should be specified by RAN4.
Proposal 2: To realize TDD CA with different UL-DL configurations, the requirement on duplexer should be specified by RAN4.
2.2 Possible standard impact in RAN2
2.2.1 TDD configuration of each carrier

The main standard impact in RAN2 is the RRC configuration signalling. A UE can obtain PCell’s TDD configurations by reading SIB1 or a UE can obtain the TDD configurations of its target cell by reading Mobility Control Information. In current mechanism, UE assumes all aggregated TDD carriers have the same UL-DL configuration as its PCell. However, it may lead to unexpected UE behaviours in the different TDD UL-DL configuration scenario. Take Table 2 as an example, where PCell with UL-DL config 2 aggregates SCell with UL-DL config 3. The configuration of subframes #3, #4 and #7 are different from PCell to SCell. For subframes #3 and #4 in SCell, without any explicit indications, UE might treat them as DL subframes. UE might perform DL measurement and hence might obtain incorrect measurement data. Consequently, the CSI and RRM measurement results might be unreliable. To resolve this issue, RAN2 is suggested to investigate explicit RRC configuration on TDD UL-DL configuration of each carrier.
Table 2: CA with TDD UL-DL configuration 2 and 3
	
	TDD UL-DL config
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PCell
	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	SCell
	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D


Proposal 3: RAN2 is suggested to investigate explicit RRC configuration on TDD configuration of each carrier.

2.2.2 UE capability indication
As described in the previous section, inter-band TDD CA might be with the same or different UL-DL configurations. The requirement on duplexer at UE side might be different for these two scenarios. Tighter requirements on the duplexer or extra duplexer might be needed to support simultaneous transmission and reception. If a UE is equipped with no duplexer or a duplexer not supporting simultaneous transmission and reception, but network configures different UL-DL configurations to the UE, then severe self-jamming might happen. One option is that a UE supporting inter-band TDD CA should indicate its support of different UL-DL configurations as part of UE capability; the other option is that a UE supporting inter-band TDD CA should support different UL-DL configurations among CCs. RAN2 is suggested to study whether support of different TDD configurations is a part of UE capability or not. Possible RAN4’s investigation is also needed. 
Proposal 4: RAN2 and RAN4 are suggested to study whether support of different TDD UL-DL configurations is part of UE capability or not.

2.3 Possible standard impact in RAN1

2.3.1 HARQ feedback mechanism

One of the possible issues should be resolved by RAN1 is HARQ feedback mechanism. The TDD HARQ feedback timing is specified by RAN1 [2]. In current mechanism, HARQ feedback will first be transmitted in the PUSCH; if no PUSCH in certain TTI, HARQ will then be feedback in the PUCCH of PCell. In some schemes with support of certain combination of different TDD UL-DL configurations, HARQ feedback timing might not be complied with the current specification. Take the TDD combination in Table 3 as an example, where PCell with TDD UL-DL config 2 aggregates SCell with TDD UL-DL config 1. If there is no PUSCH on SCell subframe #3 and #8, the HARQ feedback on these two subframes might not be sent out because PCell is in the DL transmissions in these two subframes. To resolve this issue, RAN1 is suggested to investigate the HARQ feedback mechanism on inter-band TDD CA with different UL-DL configurations. Possible RAN2’s involvement is needed.
Table 3: CA with TDD UL-DL configuration 2 and 1
	
	TDD UL-DL config
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PCell
	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	SCell
	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D


Proposal 5: RAN1 and RAN2 are suggested to investigate the HARQ feedback mechanism on inter-band TDD CA with different UL-DL configurations.
2.3.2 Support of cross-carrier scheduling
The other possible issue which needs to be evaluated by RAN1 is the operation of cross-carrier scheduling. Take Table 4 as an example, where PDCCH CC with UL-DL config 1 aggregates a cross-carrier scheduled CC with UL-DL config 2. The cross-carrier scheduled CC can never be scheduled in Subframe #3 and #8 because PDCCH CC is in UL transmissions in these two subframes. RAN1 is suggested to study the cross-carrier scheduling behaviour on the support of inter-band TDD CA with different UL-DL configurations. Possible RAN2’s input is needed.
Table 4: CA with TDD UL-DL configuration 1 and 2
	
	TDD UL-DL config
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PDCCH CC
	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	Cross-carrier scheduling CC
	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D


Proposal 6: RAN1 and RAN2 are suggested to study the cross-carrier scheduling behaviour on inter-band TDD CA with different UL-DL configurations.

3 Conclusions
In this paper, we provide our views on the standard impact of RAN1, RAN2 and RAN4 on support of TDD CA with different UL-DL configurations. The following proposals are proposed for consideration. 
Proposal 1: Band combinations for TDD CA with different UL-DL configurations should be specified by RAN4.

Proposal 2: To realize TDD CA with different UL-DL configurations, the requirement on duplexer should be specified by RAN4.

Proposal 3: RAN2 is suggested to investigate explicit RRC configuration on TDD configuration of each carrier.

Proposal 4: RAN2 and RAN4 are suggested to study whether support of different TDD UL-DL configurations is part of UE capability or not.

Proposal 5: RAN1 and RAN2 are suggested to investigate the HARQ feedback mechanism on inter-band TDD CA with different UL-DL configurations.

Proposal 6: RAN1 and RAN2 are suggested to study the cross-carrier scheduling behaviour on inter-band TDD CA with different UL-DL configurations.
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