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1
Introduction
The WI for LTE CA enhancement was agreed at RAN#51 meeting [1]. One of the objectives is to “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. In this contribution, we provide our view on this feature.
2
Motivation
One of the advantages of TDD system is the flexible resource utilization through different TDD configurations. Based on the traffic characteristic, different DL:UL ratios can be configured, from 2:3 to 9:1 as specified in Table 4.2-2 in [2].

Table 1: Copy of Table 4.2-2 in [2] 

	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


With CA, more flexibility can be achieved by configuring different DL:UL ratios on different serving cells (called cell-specific TDD configuration). However, this is basically not possible in Rel-10 where effectively only intra-band CA is supported. In subframes with both UL and DL, the simultaneous transmission and reception with small or no frequency separation will cause severe self-interference at both eNB and UE. In Rel-11 where inter-band CA is possible, we have observed 2 motivations for cell-specific TDD configuration.

-
Keep compatibility with legacy TDD systems on the same or adjacent band, while enabling the possibility to use other TDD configuration(s) on other cell(s). Figure 1 shows an example of possible frequency deployment. TDD configuration 1 is used on 2.6GHz to have balanced DL:UL ratio, and another cell on 2.0GHz can be aggregated, with TDD configuration 2 to keep co-existence with neighbouring TD-SCDMA system.       
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Figure 1: Possible use case for cell-specific TDD configuration 

-
Improve UL capacity/coverage, while adapting TDD configuration(s) on other cell(s) to the traffic load. UL coverage is an issue for TDD system, and it is thus beneficial to have an UL-heavy PCell is on lower frequency. A DL-heavy cell on higher frequency can be aggregated to boost the DL capacity for UEs in hot-spot areas. This is shown in Figure 2.       
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Figure 2: Possible use case for cell-specific TDD configuration 

Observation: Cell-specific TDD configuration could be a useful feature for inter-band CA.
3
Discussions on possible solutions 
3.1
Transparent and non-transparent solution
-
Transparent solution:
When configuring a SCell to a UE, the TDD configuration for the cell is signalled to the UE via dedicated message. It is thus possible to set TDD configuration of the SCell as same as that of the UE’s PCell (same as Rel-10), but different from eNB operation. In other words, the TDD configurations on the two cells are different from eNB perspective, but the difference is transparent to the UE, which is aware of only one TDD configuration, i.e. the TDD configuration on its PCell.
Figure 3 gives an example of transparent solution. The actual eNB operation on Cell#1 follows TDD configuration 2, which means e.g. for the UEs with Cell#1 configured as PCell, it will see SF#3 (Subframe #3) and SF#8 on Cell#1 as DL subframes. However, for a UE with Cell#0 and Cell#1 configured, it will see SF#3 and SF#8 on Cell#1 as UL subframes. In this case, the eNB should take responsibility to keep those “fake” subframes muted for the CA UE.   
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Figure 3: Transparent solution for CA UE
The advantage of transparent solution is the small impact on standard and UE implementation. Muting of “fake” subframes can be achieved through eNB implementation. 
Figure 3 shows an example with UL-heavy PCell and DL-heavy SCell, and the case could also be possible where PCell is DL-heavy and SCell is UL-heavy, and eNB has to mute “fake” DL subframes for the CA UE. In this case, there could be some issues with CRS related procedures, as the UE would assume CRS exists in those “fake” DL subframes. To solve the problem, similar principle to Rel-10 TDM eICIC can be employed, with defining two subsets of subframes for UE to perform measurement.
Transparent solution can even be used with intra-band CA.

The disadvantage of transparent solution is also obvious. In subframes with both UL and DL on different cells, one direction has to be muted, and resources on corresponding cells are not usable for the CA UE.
-
Non-transparent solution:
If it is possible for a TDD UE to support simultaneous transmission and reception on different frequency bands, the actual TDD configurations on different cells can be signalled to the CA UE. Independent TDD operations can then be done on different cells. 
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Figure 4: Non-transparent solution for CA UE
The advantage of non-transparent solution is that all resources on each cell are usable from the perspective of the CA UE.

The disadvantage of non-transparent solution is the potential impact on UE implementation. Duplexer is required for a TDD UE to support simultaneous transmission and reception, which might cause some insertion loss. Investigation on self-interference is also needed for different band combinations. RAN4 should be involved for those concerns. 
Standard impacts are expected, in particular about timing of control signalling, as some control signalling are not cell-independent based on Rel-10 specification. For example, as illustrated in Figure 4, the A/N for a PDSCH transmission in SF#9 on Cell#1 should be in SF#3 according to normal timing of TDD configuration 1 on Cell#0, the PCell, but there is no UL resource in SF#3 on Cell#0. If the restriction that PUCCH can only be transmitted on PCell is still valid in Rel-11, the A/N for a PDSCH transmission in SF#9 on Cell#1 can only be transmitted in SF#7 on Cell#0, which breaks the timing rule for TDD configuration 1. Such standard impacts should be evaluated in RAN1. 
-
Comparison:
Table 2: Comparison between transparent and non-transparent solution 
	
	Transparent 
	Non-transparent

	TDD UE implementation 
	No impact. Can even be used with intra-band CA. 
	Simultaneous TX/RX has to be supported.

	Standard impacts
	Minor, but some issues with muting “fake” DL subframes.
	Timing rule for non-cell-independent control signaling.

	Resource utilization
	Some resources are unusable for the CA UE, depending on the combination of TDD configurations.
	All resources are usable for CA UE.


The comparison between transparent and non-transparent solution is summarized in Table 2. 
Proposal 1: RAN2, RAN4 and RAN1 should make the decision on the solution for clear UE implementation, taking TDD UE implementation, standard impacts and resource utilization into consideration.

3.2
Specification effort
Since the design for TDD system so far is concentrating on common TDD configuration, it could bring lots of specification efforts to support full flexible cell-specific TDD configuration. For example, there is risk to mess timing of control signaling if 5 component cells are aggregated, each with a different TDD configuration. Also, it could be troublesome if a DL-heavy cell is cross-cell scheduled from an UL-heavy cell. 
Proposal 2: Specification effort should be limited to support cell-specific TDD configuration, with considering real use cases. Potential restrictions on possible combinations and inter-cell operations might be considered. 
4
Conclusion
In this paper we provided our view on cell-specific TDD configuration, with the following observations/proposals.
Observation: Cell-specific TDD configuration could be a useful feature for inter-band CA.
Proposal 1: RAN2, RAN4 and RAN1 should make the decision on the solution for clear UE implementation, taking TDD UE implementation, standard impacts and resource utilization into consideration.
Proposal 2: Specification effort should be limited to support cell-specific TDD configuration, with considering real use cases. Potential restrictions on possible combinations and inter-cell operations might be considered.
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