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1. Introduction

Regarding different UL-DL configuration for TDD CA, the following agreements were reached at the last RAN1 meeting [1]:
Working assumption to support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· For the case of DL, PDCCH on a serving cell c in subframe n can schedule PDSCH on other serving cell(s) in subframe n
· FFS support of other type of cross-carrier scheduling in Rel-11
Check until RAN1#68 whether this working assumption can be confirmed. 

Furthermore, following conclusions have been reached.
· RAN1 solution should support both full-duplex and half-duplex.
· Strive for a common solution for both full-duplex and half-duplex
· The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,

· For cross-carrier scheduling, if cross-carrier scheduling is supported 
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink) FFS
Based on the conclusions, this contribution discusses possible solutions to the problem in PDCCH allocation to schedule multiple subframes in linked band assuming the working assumption of cross-carrier scheduling is confirmed.
2. PDCCH Enhancement to Support Cross-CC Scheduling in Inter-band TDD CA
Assuming that inter-band TDD CA will not be possibly used for aggregating more than 2 carriers, if cross-cell scheduling is used, the Pcell will be a cell that carries the PDCCH scheduling resources on the other carrier. In HetNet CA scenario, in order to cancel the control signaling interference between Macro eNB and LPN such as the Pico eNB, the frequency bands selected as the Pcell in these two eNBs are different. Therefore, either band with more UL subframes or that with more DL subframes could be configured as the Pcell, as shown in Figure 1.
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Figure 1.Cross-CC scheduling for inter-band TDD CA
For the Pcell with more UL subframes, one problem of scheduling timing has been identified in [5] - [8], as shown in Figure 2. Due to the lack of DL resources in the PDCCH CC, the UL grant and DL assignment in a cross-CC scheduled carrier could not be timely allocated. Therefore, scheduling timing rules need to be adjusted  such that multiple subframes are scheduled in one DL subframe on the PDCCH CC. We propose two alternatives to solve this problem.
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Figure 2. Problem of scheduling timing in Cross-CC scheduling
2.1. Shared PDCCH with redundant bits to indicate the number of scheduled subframes

In [9], it was proposed using PDCCH bundling to do multi-subframe scheduling in the Scell, where one PDCCH is used to indicate one TB that is mapping to several subframes. In this method, the data transmitted in one TB will use the same HARQ process, which leads to less transmission efficiency, longer RTT and less scheduling flexibility. 
In order to solve this problem, we propose a method to using the shared PDCCH for different HARQ process. Moreover, to make the UE successfully proceed the HARQ feedback for each process, eNBs should use some information bits to indicate the total number of scheduled subframes, as shown in Figure 3. 
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Figure 3. Shared PDCCH with indication of the number of scheduled subframes
For example, bearing in mind the fact that the carrier indicator field (CIF) bits are useful only when the DCI size for two CCs are different, we could reuse these redundant CIF bits to indicate the number of successive DL/UL subframes in the cross-carrier scheduled CCs. One illustration is shown in Figure 4, where CC0 and CC1 have the same DCI size and all CCs are cross-scheduled by the PDCCH on CC#0. In this case, one bit of CIF is used as indication of Cell Index while the other two bits are used to indicate the number of schedule subframes, which is ranged from 1 to 4. One implementation of the mapping of Cell Index and the number of subframes using the CIF bits is illustrated in Table 1.
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Figure 4. Cross-carrier scheduling with CCs having same DCI size
By using this mapping table, the UE could easily deduce the corresponding Cell Index and subframes to be scheduled. HARQ process number is then increased with the subframe index so that the HARQ feedback could be implemented independently. The disadvantage of this scheme is an increase in the UL overhead due to independent HARQ ACK feedback. However, this problem is not significant since the HARQ ACK overhead is still less than that supported in the Rel-10 CA.
Table 1. Relationship of CIF bits to Cell Index and Number of scheduled subframes
	Cell index

	Number of scheduled subframes
	CIF
bits

	0
	1
	000

	
	2
	001

	
	3
	010

	
	4
	011

	1
	1
	100

	
	2
	101

	
	3
	110

	
	4
	111


The proposals based on the alternative could be summarized as follows.
· For inter-band TDD CA, it is proposed to use shared PDCCH to schedule multiple subframes in cross-carrier scheduled CCs, while with separated HARQ process.
· It is proposed to use redundant bits, e.g., CIF, in the DCI to indicate the number of scheduled subframes.
2.2. Separated PDCCH with redundant bits as Subframe Index
It was also proposed to link PDCCH and subframe independently. In this case, the DCI format is modified by adding a field of “Subframe Index” [8], [10], [11]. Although this method provides scheduling flexibility, it will introduce additional overhead in the DCI. An alternative way to indicate the subframe is to reuse some redundant bits, such as CIF bits.
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Figure 5. Separated PDCCH with indication of Subframe Index.
Figure 5 shows the mapping of the PDCCH to different subframes. Here, we also assume that cross-cell scheduling is configured as in Figure 5, and two bits of CIF are left as the subframe index. If UL-DL configuration is provided as in Figure 5, one bit of the redundant CIF bits could be reused, as summarized in Table 2. Since association between a scheduling subfame and scheduled subframe(s) is unknown to the UE, high layer signalling is necessary for acknowledge this configuration.
The proposals based on the alternative could be summarized as follows.
· If separated PDCCH is used for multiple subframe scheduling in inter-band TDD CA, it is proposed to use redundant bits in DCI as Subframe Index.
· High layer signalling is used to acknowledge UE association between a scheduling subframe and scheduled subframes.
Table 2. Relationship of CIF bits to Cell Index and Subframe Index
	Cell index
	Subframe Index
	CIF
Bits

	0
	1
	0x0

	
	2
	0x1

	1
	1
	1x0

	
	2
	1x1


3. Conclusion

In this contribution, we presented following two alternatives regarding the scheduling timing issue when cross-carrier scheduling is assumed.
Alt. 1: Shared PDCCH with redundant bits to indicate the number of scheduled subframes
· For inter-band TDD CA, it is proposed to use shared PDCCH to schedule multiple subframes in cross-carrier scheduled CCs, while with separated HARQ process.
· It is proposed to use redundant bits in DCI to indicate the number of scheduled subframes.
Alt. 2: Separated PDCCH with redundant bits as Subframe Index
· If separated PDCCH is used for multiple subframe scheduling in inter-band TDD CA, it is proposed to use redundant bits in DCI as Subframe Index.
· High layer signalling is used to acknowledge UE association between scheduling subframe and scheduled subframes.
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