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1
Introduction

For Rel-11, the following WI for CA enhancement was agreed in RAN#51 meeting [1]:
· Support of inter-band carrier aggregation for TDD DL and UL including different uplink- downlink configurations on different bands.
For the inter-band CA capable UE, simultaneous or non-simultaneous transmission and reception will be considered as the two possible solutions for UE implementation.  In this contribution, we will disscuss the pros and cons of the two candidates, and also provide our views on inter-band CA in Rel-11.
2
Background
For Rel-10, only intra-band CA is supported in TDD mode.  All the configured CCs deployed on an eNB have the same UL/DL configuration.  Therefore, each subframe supports either transmission or reception.  The HARQ-ACK feedback only allowed to be transmitted on its PCell.  As shown in figured 1, the aggregated CC#1 and CC#2 have the same UL/DL configuration 2 where CC #1 is PCell.  For subframe#3 (DL subframe), UE may receive PDSCH from both CC#1 and CC#2 and the corresponding HARQ-ACK shall be transmitted in PCell’s subfame #7 (UL subframe).  
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Figure 1: An example of intra-band CA for TDD system where configured CCs have the same UL/DL configuration.
For Rel-11, inter-band CA for TDD system will be supported.  Additionally, each configured CC deployed on an eNB may with different UL/DL configuration.  The supported uplink-downlink configurations are listed in Table 1 [2].  Based on its traffic characteristic, different DL:UL ratios can be configured (from 2:3 to 9:1).  Therefore, more flexibility can be achieved in the inter-band CA system by different DL:UL ratios on different serving cells.  
Table 1: TDD uplink-downlink configurations
	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


An example for inter-band CA is given below. As shown in Figure 2, CC#1 and CC#2 are deployed on band A with TDD UL/DL configuration 2.  Also, CC#3 and CC#4 are deployed on band B with TDD UL/DL configuration 4.  All the four CCs are aggregated.  For subframe#3, there are DL subframes on band A and UL subframes on band B.  For subframe#7, there are UL subframes on band A and DL subframes on band B.  Clearly, the inter-band CA system cannot directly reuse the Rel-10’s (intra-band CA) solution and the following issues must be solved: HARQ-ACK feedback timing, cross-carrier scheduling,…,etc.  
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Figure 2: An example of inter-band CA for TDD system where band A and band B have different UL/DL configuration
3
Discussion
3.1
Non-simultaneous transmission and reception (transparent)
In this section, each subframe supports either transmission or reception.  In other words, simultaneous transmission and reception cannot be supported.  As shown in figure 3, CC#1 and CC#2 are aggregated where CC#1 is the PCell.  CC#1 is deployed on band A with TDD UL/DL configuration 2, and CC#2 is deployed on band B with TDD UL/DL configuration 4.  The HARQ-ACK feedback timing, UL scheduling timing and DL scheduling timing must follow PCell’s rule.  For subframe#3, there is a DL subframe on CC#1 and UL subframe on CC#2.  Beacause CC#1 is its PCell, the UL scheduling and HARQ Ack/Nack feedback on CC#2 is forbidden.  For subframe#7, there is a UL subframe on CC#1 and DL subframe on CC#2.  Beacause CC#1 is its PCell, the DL scheduling and CRS transmission on CC#2 is forbidden.  In these cases, subframe#3 and subframe#7 on CC#2 are muted for the inter-band CA capable UE.
In this mode, HARQ feedback timing follows Rel-10’s solution.  However, uplink and downlink scheduling principles must be redesign.  The resources are wasted due to the pseudo uplink and downlink subframe.  Therefore, the resource utilization will be impacted.  
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Figure 3: An example of simultaneous transmission and reception on each subframe.
Non-simultaneous transmission and reception
Pros: 

· HARQ-ACK feedback timing follows Rel-10’s solution.
Cons: 
· CRS based measurement will be impact.

· Uplink and downlink scheduling principles must be redesign.

· The resource utilization will be impacted.
3.2
Simultaneous transmission and reception (non-transparent)
In this section, the impact of simultaneous transmission and reception is investigated.  As shown in figure 4, CC#1 and CC#2 are aggregated where CC#1 is the PCell.  CC#1 is deployed on band A with TDD UL/DL configuration 2, and CC#2 is deployed on band B with TDD UL/DL configuration 4.  For the ith configured CC, the HARQ Ack/Nack feedback timing, UL scheduling timing and DL scheduling timing follows the UL/DL configuration on the ith configured CC.  In this example, the HARQ Ack/Nack feedback and uplink scheduling can be transmitted in CC#2’s subframe#3.  The CRS and downlink scheduling can be received in CC#2’s subframe#7.

In this mode, the resource utilization could be maximized since simultaneous transmission and reception is allowed for the inter-band CA capable UE.  However, the HARQ feedback mechanism is different from Rel-10’s solution.  Furthermore, simultaneous transmission and reception may induce self-interference.
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Figure 4: An example of non-simultaneous transmission and reception.
Simultaneous transmission and reception
Pros: 

· The resource utilization could be maximized.
· CRS based measurement will not be impact.
Cons: 
· The Rel-10’s HARQ feedback mechanism cannot be reused.
4
Conclusions

In this contribution, the pros and cons of simultaneous/non-simultaneous transmission and reception are discussed.  From the perspective on resource utilization, UE shall support simultaneous transmission and reception to maximized resource utilization.  In other words, non-transparent solution is the preferable resolution. 
Proposal: 

· UE shall support simultaneous transmission and reception.
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