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1 Introduction
In Rel-10, intra-band carrier aggregation with different TDD UL-DL configurations was not agreed because of severe interferences between UL and DL subframes. Actually, one important feature of LTE TDD system is adapting its DL/UL resource allocation to the traffic to choose the DL to UL resource allocation ratio flexibly. For different bands, the adoption of different UL-DL configurations is feasible in Rel-11.
In this document, we share our views on the support of different TDD UL-DL configurations on different bands.
2 Discussion
In Rel-10 intra-band carrier aggregation scenario the synchronization is required for TDD network, and the same UL/DL configuration is used to avoid interference between serving cells which results in different UL/DL allocation being not used flexibly. This restricts the advantage of TDD mode adapting the UL/DL configuration to the UL/DL traffic ratio. On the one hand, the LTE TDD should dynamically change the UL/DL resources allocation to well match traffic property. On the other hand different UL/DL allocation could be configured in different areas according to the ratio of UL/DL traffic. For different band the changeable UL/DL allocation is feasible for the interference isn’t severe. In this condition following aspect needs to be considered.  
2.1 Simultaneous transmission/reception 
If different TDD UL-DL configurations on different bands is supported, simultaneous transmission/reception will be inevitable, as figure1 depicted, and(a), (b), (c) are aggregation with 5ms switch-point、10ms switch-point, and hybrid one respectively.

Observation1: Whether the arbitrary combination of the different switch-point periodicity can be supported is FFS. The corresponding complexity should be evaluated by RAN4.
In Fig.1 (a), the UE aggregates 2 CCs, assuming special subframe with different configuration, and CC1 with UL/DL configuration 1 and CC2 with UL/DL configuration 2. For subframe 3 and 8, the UL subframe and DL subframe will co-exist. 

The simultaneous transmission and reception are required. Moreover, the transmission for different band makes the higher demand for RF. A RF architecture consisting of independent transmission/reception chains for each band in the inter-band CA scenarios seems to be necessary for different propagation and Doppler characteristics. The support of MIMO will requests multiple complete Tx/Rx chains, the actual number of RF chains will be the times of the number of Tx antennae, Rx antennae and component carrier. Methods to reduce the number of RF chains or to join RF chains are required. 
Proposal 1: The simultaneous transmission/reception should be considered. Methods to reduce the number of RF chains or to join RF chains are required.
2.2 Control information transmission
In Rel-10 ACK/NACK is carried on PUCCH or PUSCH of PCell or on PUSCH of the CC with the smallest SCellIndex value (without aperiodic CSI trigger). As the blue ellipse areas of Fig.1 depicted, the Rel-10 principle should be maintained, considering the backward compatibility.

Proposal 2: The rule as Rel-10 is maintained in case of all CCs being simultaneous UL subframes.   
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(a) 5ms switch-point periodicity                 (b) 10ms switch-point periodicity
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(c) 5ms and 10ms switch-point periodicity

Fig 1. 2 inter-band aggregated carriers with different UL/DL configuration

For red ellipse areas depicted in Fig.2, i.e, multiple UL subframes with 1 or multiple DL subframes the feedback of ACK/NACK has two options:

Option1: Each CC maintains respective HARQ timing, when multiple UL subframes occur, the CC with the smallest SCellIndex value is selected to transmit UCI.
The ACK/NACK from each CC can be treated based on the timing of the same CC, but is irrespective of one from the other CCs. For example, for subframe2, 8 in Fig. 2, ACK/NACK only links the corresponding CC1 and CC3. This subframe doesn’t transmit ACK/NACK from the CC2. This method can maintain the mapping table between DL subframe and UL subframe which is based on Rel-10 and can be expanded simply by Rel-10 principle.

[image: image4.emf]D

S2

U D D D

S2

U D D CC2 conf.2

D

S1

U U D D

S1

U U D CC1 conf.1

D

S1

U U D D

S1

U U D CC3 conf.1


Fig 2. 3 inter-band aggregated carriers with different UL/DL configuration
Option 2: ACK/NACK is transmitted on the first available UL resources at least four subframes later.
ACK/NACK of one carrier can be transmitted on the other available carrier which has the UL grant. For example, subframe 7,8 of CC1 in Fig.3(b) can transmit ACK/NACK of CC2. This method helps eNB obtain the feedback from UE more quickly which should be subjected to the terminal transmitting the ACK/NACK in the first UL subframe at least four subframes later. Moreover, to average the ACK/NACK payload size of UL subframe between CCs is achieved easily. However, the new ACK/NACK feedback timing should be redefined.
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(a) ACK/NACK timing in Rel-8/9/10
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(b)ACK/NACK feedback timing 
Fig. 3 Optino2
In Fig1(c), if one CC is transmitted as PCell, i.e., CC1 being PCell, for subframe 3 there is a UL schedulling from SCell. If multiple PUCCH transmissions don’t still well work, the PUCCH of Scell may be supported to carry UCI on control channel. In this condition one PUCCH being transmitted may still be restricted in 5 CCs.  
Observation 2: whether PUCCH transmission on secondary CC is enabled should be considered.
Proposal 3: The new design on control information transmission should be considered.
3 Conclusions
In this document, we discussed supporting of different TDD UL-DL configurations on different bands used in Rel-11. We suggest:

Observation1: Whether the arbitrary combination of the different switch-point periodicity can be supported is FFS. The corresponding complexity should be evaluated by RAN4.
Proposal 1: The simultaneous transmission/reception should be considered. Methods to reduce the number of RF chains or to join RF chains are required.
Proposal 2: The rule as Rel-10 is maintained in case of all CCs being simultaneous UL subframes. 

For multiple UL subframes with 1 or multiple DL subframes the feedback of ACK/NACK:

Option1: Each CC maintains respective HARQ timing, when multiple UL subframes occur, the CC with the smallest SCellIndex value is selected to transmit UCI
Option 2: ACK/NACK is transmitted on the first available UL resources at least four subframes later.
Observation 2: whether PUCCH transmission on secondary CC is enabled should be considered.
Proposal 3: The new design on control information transmission should be considered.
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