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1 Introduction
The WI for LTE CA enhancement was agreed at RAN#51 [1] and updated at RAN#52. One of the objectives is to investigate enhancements for “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. 

LTE TDD allows for asymmetric UL-DL allocations by providing seven different semi-statically configured uplink-downlink configurations. These allocations can provide between 40% and 90% DL subframes, as shown in Table 1. 
Table1: 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


For inter-band CA, it has been suggested that CC-specific TDD configurations could provide more flexible resource usage. 
However, in deciding whether to support CC-specific TDD configurations in Rel-11, it is necessary first to analyse and assess the consequent impacts on other aspects such as control signalling, and to identify whether there are viable solutions to any issues that exist. 

In this paper, we consider what signalling would be needed to support CC-specific TDD configuration, and assess the impact of such signalling modifications on the specifications. 
It should be noted that CC-specific TDD configuration potentially results in the TDD eNB simultaneously transmitting and receiving signals at different frequencies. For the initial discussion in this contribution, we assume that the gap between the two CCs with varied configurations is large enough to avoid problems arising from out-of-band interference. In practice, this assumption should be further analysed before concluding. 
2 Discussion

In Rel-10, UL ACK/NACK is only permitted to be transmitted on the PCell from the UEs’ perspective. For CC-specific TDD configuration, as shown for example in Fig. 1, the UL ACK/NACK principle adopted in Rel-10 for CA would have problems. For the downlink PDSCH transmission on subframe #0, the SCell’s ACK/NACK feedback is located on subframe #4, while the PCell’s corresponding feedback is located on subframe #7. This means, for the same DL subframe, the subframes for the UL feedback on different aggregated cells are different. 
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Fig. 1. ACK/NACK Timing problem for inter-band CA

To support inter-band CA for TDD, we first consider whether a TDD UE needs to know the actual TDD configuration of each CC.  As shown in Fig. 2, the PCell of a target UE is configured with configuration #1 (DSUUDDSUUD), while the SCell is configured with configuration #0 (DSUUUDSUUU). Following the Rel-10 intra-band CA principle, a UE will assume the SCell’s configuration is the same as that of the PCell, and monitor for DL data on subframes #4 and #9 on all aggregated CCs. However, the actual configuration/transmission of these two subframes is UL, thus the eNB will not schedule any DL transmissions on them. This type of solution is transparent to the UE since the eNB can directly hide the conflicting subframes on SCell, e.g. subframe #4 and #9 of SCell in Fig. 2. 
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Fig. 2. Transparent inter-band TDD configuration with unused UL subframes 
The advantage of this solution without any notification of CCs’ configuration is that it has little impact on the specifications. It enables one UE, for which Cell B is the PCell, to make uplink transmissions in subframes 4 and 9, while a UE for which Cell A is the PCell and for which Cell B is an SCell will simply not use subframes 4 and 9. However, this solution also has some disadvantages:

1. The muted conflicting subframes in the SCell cannot be used at all by the UE for which Cell A is the PCell, since the UE expects it to be a DL subframe and therefore no UL transmissions of any sort (SRS or PUSCH) can be made. 
2. There could be some issues with CRS, as the UE would assume CRS exists in subframes 4 and 9 on the SCell. One solution to this could be to use a similar principle to Rel-10 TDM eICIC, with a restricted set of subframes for the UE to perform measurements. 
3. For ACK/NACK feedback, a single DL subframe may carry ACK/NACK signalling for multiple UL subframes, and therefore multiple UL subframes on the SCell may be affected by the fact that certain subframes cannot carry downlink signalling on the SCell (unless cross-carrier scheduling is used). 
Conversely, we can consider the case of a UE for which Cell B (with configuration #0) is the PCell and Cell A (with configuration #1) is the SCell. In this case, the UE will expect subframes 4 and 9 on Cell A to be UL subframes, whereas in fact they are downlink subframes. This means that in order to avoid the UE making UL transmissions (e.g. ACK/NACK) in those DL subframes, the eNB will have to avoid scheduling DL transmissions to the UE in the subframes that would result in UL ACK/NACK in subframes 4 and 9. 
Compared with the above transparent solution, an alternative solution could be to change the constraint in Rel-10 so that the UE is notified of the configuration of each CC independently by one of the following ways:
1) Require the UE to read the SIB information from each SCell to obtain the TDD configuration of each SCell. 
2) Signal the TDD configuration of SCells via dedicated signalling when SCells are configured and/or reconfigured. 
If the UEs were to be informed explicitly about the configuration of each CC, a solution would then be needed for the ACK/NACK timing problem so that a CC with one configuration can carry feedback for a CC that has a different configuration.
Different from FDD, the ACK/NACK feedback for TDD PDSCH transmissions follows predefined timing procedures, as described in Table 10.1-1 of [2].  If the feedback UL subframe of the SCell is not an UL subframe in the PCell, then some possible solutions may be:

Type I:  Link the ACK/NACK of the SCell to the mapped DL subframe’s ACK/NACK position in PCell , or 
Type II: Choose the nearest UL subframe, which is at least 4 TTIs after the transmitted subframe and has a valid parameter in Table 10.1-1 of [2] for a corresponding configuration of the PCell. 
Fig. 3 illustrates these two types of new ACK/NACK mapping schemes.  It is clear that the complexity of these solutions is not insignificant. Moreover, further analysis would be required for the case of multiple SCells being configured with different configurations. 
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Fig. 3. ACK/NACK mapping for inter-band CA with explicit notification of TDD configuration
3 Summary
We have examined some of the issues associated with different TDD UL/DL configurations on different CCs.

An analysis needs to be provided of the benefits (in terms of resource utilisation or other benefits) of being able to configure different CCs with different UL/DL configurations. 

On the other hand, it is clear that the impact on control signalling needs to be taken into account:

· it is possible to configure each CC differently for different UEs without making any signalling changes, but there may be significant impact on the scheduler to achieve this; 

· if the UE is notified of the actual TDD configuration for each CC, the scheduler impact may be overcome but the ACK/NACK timing needs to be considered carefully; we have shown that solutions exist, but they may bring significant additional complexity.. 

4 Reference

[1] RP-110732, “Update to LTE Carrier Aggregation Enhancements WID,” 3GPP RAN#52, May 30 – June 3, 2011.

[2] TS 36.213, E-UTRA, Physical layer procedures. 





















































































































Page 1

_1369218280.vsd

_1375040388.vsd
D


S


U


U


D


D


S


U


U


PCell
configuration #1


D


S


U


U


U (M)


D


S


U


U


SCell
configuration #0


Fake UL


D


U (M)


CELL A


CELL B



_1368257028.vsd

