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1 Introduction
In [1], the potential problem of cross-carrier scheduling on different TDD UL-DL configurations has been mentioned under an assumption that simultaneous DL and UL transmissions are supported. Assume a PDCCH CC is cross-carrier scheduling another CC, which is named as a cross-carrier scheduled CC. When the PDCCH CC is in its UL and the cross-carrier scheduled CC is in its DL, the cross-carrier scheduled CC can never be scheduled in these DL-UL overlapped subframes. The efficiency of cross-carrier scheduling in this scenario is degraded. In this paper, we share our views on this problem and provide possible solutions to solve this problem.
2 Discussion

A cross-carrier scheduled CC should search its DCI in the UE specific search space in the configured PDCCH CC. With the support of carrier aggregation with different TDD UL-DL configurations, the PDCCH CC may have different TDD configuration from its cross-carrier scheduling CC. In some cases, when the PDCCH CC is in its UL and the cross-carrier scheduled CC is in its DL, the cross-carrier scheduled CC can never be scheduled in the DL-UL overlapped subframes. Take the configuration in Table 1 as an example, where PDCCH CC is in TDD config 1 and its cross-carrier scheduled CC is in TDD config 2. As can be seen, in subframe #3 and #8, PDCCH CC is in its UL and the cross-carrier scheduled CC is in its DL. The cross-carrier scheduled CC can never be scheduled in these two subframes because its DCI cannot be transmitted in these TTI. The efficiency of radio resource utilization is hence limited in this case. 

Table 1: 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 scheduled CC
	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D


2.1 Possible solutions
To solve the problem mentioned above, several options with different level of standard impact are suggested for consideration. 

Option 1: resolve by eNB scheduling
The TDD configuration on each carrier and the cross-carrier scheduling are configured by eNB. eNB can simply arrange the DCI for the cross-carrier scheduled CC in its schedulable subframes. This option has less standard impact. For example, in Table 1, the downlink transmissions for cross-carrier scheduled CC can be gathered on subframe #0, #1, #4, #5, #6 and #9. However, in an extreme case, where PDCCH CC in TDD config 0 cross-carrier schedule a CC with TDD config 5, shown in Table 2, the DL transmission of the cross-carrier scheduled CC can only be scheduled in subframe #0, #1, #5, and #6. About 50% of the radio resource is blocked in this cross-carrier scheduled CC. Less scheduling efficiency for the cross-carrier scheduled CC is foreseen. 
Table 2: CA with TDD UL-DL configuration 0 and 5
	
	TDD UL-DL config
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PDCCH CC
	0
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	Cross-carrier scheduled CC
	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


Pros: Less standard impact is foreseen.

Cons: Scheduling efficiency might be the issue. 
Option 2: disable cross-carrier scheduling across carriers with different TDD UL-DL configurations
Another possible solution is to disable/disallow cross-carrier scheduling across carriers with different TDD UL-DL configurations. Since cross-carrier scheduling is configured by eNB, option 2 can be simply controlled by eNB. Less standard impact is foreseen. However, with the constraint of option 2, cross-carrier scheduling might be restricted to be applied in HetNet scenarios, especially when the number of aggregated CC is equal to 2, where cross-carrier scheduling is needed for interference reduction on control channel information. 
Pros: Less standard impact is foreseen.
Cons: Cross-carrier scheduling is disabled across carriers with different TDD configurations. It is with less flexibility for HetNet application.
Option 3: limit on TDD UL-DL configurations for cross-carrier scheduling

To provide cross-carrier scheduling in CA with different TDD UL-DL configurations and also to consider the efficiency of radio resource utilization on the cross-carrier scheduled CC, one possibility is to limit on the aggregated CC combinations with the constraint that the DL subframe index on cross-carrier scheduled CC should always be the subset of DL subframe index of its PDCCH CC. The possible TDD-configuration combinations are summarized in Table 3, where circles indicate TDD configuration combination in PDCCH CC and its cross-carrier scheduled CC without introducing any blank subframe in the cross-carrier scheduled CC. With this constraint, cross-carrier scheduling in different TDD configurations is supported and there is no blank subframe in the cross-carrier scheduled CC. However, the limitation on TDD-configuration combinations should be indicated and some standard effort is expected. 
Table 3: Possible TDD configuration combination on PDCCH CC and cross-carrier scheduled CC
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Pros: Cross-carrier scheduling in different TDD configurations is supported and no blank subframe is introduced in the cross-carrier scheduled CC.
Cons: Limitation on TDD-configuration combinations should be indicated and some standard effort is expected.
Option 4: enable DCI scheduling across TTI

Currently the DCI for a cross-carrier scheduled CC can only come from its PDCCH CC in the same TTI. Thus, the cross-carrier scheduled CC can never be scheduled in certain TTIs where it is in the DL while its PDCCH CC is in the UL. Another way to provide the application on cross-carrier scheduling on CA with different TDD configurations is to enable DCI scheduling across TTI, i.e., inter-subframe scheduling. Take the TDD configurations in Table 1 as an example. The DCI for cross-carrier scheduled CC in subframe #3 might come from the UE specific search space in subframe #0 in the PDCCH CC. This option provides the most flexibility on the radio resource utilization. However, possible influence including DCI scheduling mechanism, DCI contents modification, PDCCH blocking rate, etc. is foreseen. More standard impact is expected. 
Pros: The most flexible radio resource utilization scheme is supported.
Cons: More standard impact is expected.
The potential cross-carrier scheduling problem in different TDD configurations has been raised. Several possible solutions with different levels of standard impact have been proposed and discussed. It is suggested to consider the scenario described above and suggest a possible way forward. 
Proposal: It is suggested to consider the problem of cross-carrier scheduling in CA with different TDD configurations when simultaneous DL and UL transmissions are supported, and provide a possible way forward. 
3 Conclusions
In this paper, potential inefficiency on cross-carrier scheduling of CA with different TDD configurations has been raised for discussion. Several possible solutions are proposed for discussion and decision. The following proposal are suggested.
Proposal: It is suggested to consider the problem of cross-carrier scheduling in CA with different TDD configurations when simultaneous DL and UL transmissions are supported, and provide a possible way forward. 

· Option 1: resolve by eNB scheduling

· Option 2: disable cross-carrier scheduling across carriers with different TDD UL-DL configurations
· Option 3: limit on TDD UL-DL configurations for cross-carrier scheduling
· Option 4: enable DCI scheduling across TTI
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