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1 Introduction
In RAN1#68, the following agreements were achieved:
· For PUCCH transmission, PUCCH on PCell-only.

·  No new HARQ-ACK timing. 
· Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. 
· 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

· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.

· PCell timing is the same as Rel-8/9/10.

· The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration

· The PUSCH HARQ/scheduling timing on SCell shall

· For the full duplex case, follow the SCell SIB1 configuration in case of self scheduling

· Working assumption is that for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.  To be confirmed by next meeting.

· follow the scheduling cell SIB1 configuration in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

· FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms

· For uplink cross-carrier scheduling, the cases that are supported in Rel-11 are:

· At least for the case where the set of UL subframes indicated by the scheduled cell SIB1 configuration is a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms

In this contribution, we mainly discuss the remaining open issues: 

· The PUSCH HARQ/scheduling timing on SCell: 

· FFS in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms
· The PDSCH HARQ timing on SCell: 

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration
· Support cross-carrier scheduling for UE with different UL-DL configurations between aggregated TDD cells:

· For DL, FFS support of other type of cross-carrier scheduling in Rel-11
· For UL, other cases are FFS
2 Open issues for supporting different TDD UL-DL configurations
2.1 PUSCH HARQ/scheduling timing on SCell
In the following Table 1, we show the PUSCH retransmission subframe index 
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 after the first RTT for the seven TDD configurations from [1]. If 
[image: image2.wmf]kn

=

, the PUSCH RTT is 10 ms, otherwise it is not 10ms. 

Table 1: PUSCH retransmission subframe index k
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	
	3
	4
	7
	
	
	8
	9
	2

	1
	
	
	2
	3
	
	
	
	7
	8
	

	2
	
	
	2
	
	
	
	
	7
	
	

	3
	
	
	2
	3
	4
	
	
	
	
	

	4
	
	
	2
	3
	
	
	
	
	
	

	5
	
	
	2
	
	
	
	
	
	
	

	6
	
	
	3
	4
	7
	
	
	8
	2
	


As shown in Table 1, the PUSCH RTT of Configuration 1-5 is always 10 ms, while for Configuration 0 and 6, the PUSCH RTT is not 10 ms. The PUSCH RTT being equal to 10 ms has the advantage that if the retransmission is triggered by for example NACK on the scheduling cell and follows the retransmission timing of the scheduling cell, then the PUSCH retransmission on the SCell also happens on a UL subframe. Otherwise, the retransmission may happen on a DL subframe, as illustrated in Fig. 3. Therefore, focusing on the cases when the set of UL subframes on the SCell is NOT a subset of the UL subframes of the PCell or the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms, we discuss the PUSCH HARQ/scheduling time for different TDD configurations:
2.1.1 The scheduling cell’s configuration: 1-5

We firstly divide the UL subframes on the SCell into the following two sets: 

SET 1: consists of the consistent UL subframes among the scheduling and the SCells. 
It is straightforward that the PUSCH HARQ/scheduling of the UL subframes in SET 1 follows that of the scheduling cell.

SET 2: consists of the UL subframes which don’t belong to the above SET 1, namely which do not belong to the set of the UL subframes on the scheduling cell.

For the UL subfames in SET 2, we use an example as shown in Fig. 1, where the scheduling cell is configured with Configuration 4, and the SCell is configured with Configuration 3. The PUSCH HARQ/UL-grant of the subframe #4 of the SCell is located on the subframe #0, however the subframe #0 is not defined as a PUSCH HARQ/UL-grant frame for Configuration 4. We call this a PUSCH HARQ collision, and similar collisions may also happen for UL-grant timing. The possible solutions of the PUSCH HARQ/scheduling for SET 2 in case of cross-CC scheduling are given below. Fig. 2 illustrates the new mapping by the proposed solutions for the collision shown in Fig. 1.   
· HARQ/UL-grant timing 

· No collision happens, namely the location of PUSCH HARQ/UL-grant of the UL subframes on SET 2 is also a PUSCH HARQ/UL-grant subframe on the scheduling cell.
Type 1:  the HARQ timing of SET 2 follows that of the SCell. 

· Collision happens. 
· PUSCH HARQ timing
Type 2-1: follow the HARQ of reference UL subframes #Y, e.g. the later nearest UL subframe on the scheduling cell. 

Type 3-1: HARQ could be mapped to the later nearest DL subframe which carries other PUSCH HARQ/UL-grant on the scheduling and at least 4 TTIs after the transmitted UL subframe on the SCell. 
· UL-grant  timing
Type 2-2: follow the UL-grant timing of reference UL subframes #Z, e.g. the previous nearest UL subframe on the scheduling cell. 

Type 3-2: UL-grant could be mapped to the previous nearest DL subframe which carries other PUSCH UL-grant on the scheduling and at least 4 TTIs before the scheduled UL subframe on the SCell. 
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Fig. 1. Mapping collisions in case of PUSCH RTT of the scheduling cell is 10 ms under cross-carrier scheduling 
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Fig. 2. Solution of the mapping collisions in case of PUSCH RTT of the scheduling cell is 10 ms 
under cross-carrier scheduling
2.1.2 The scheduling cell’s configuration: 0 or 6 

The PUSCH RTT is not 10 ms on the scheduling cell if the scheduling cell is configured with Configuration 0 or 6. Even for the consistent UL subframes among the scheduling cell and the SCells, the retransmission of them based on the scheduling CC’s HARQ timing may happen on certain DL subframes on the SCells. We take as an examplethe case when the configuration of the scheduling cell is Configuration 6, and the SCell is configured with Configuration 1, as shown in Fig. 3. By following the PUSCH HARQ and UL-grant timing of the scheduling cell, if a transmission error happens on the UL subframe #3 of the first frame on the Scell, the retransmission would be scheduled on the subframe #4. However the subframe #4 on the SCell is a DL subframe. For clear discussion, we further classify the UL subframes on the Scell to the following three sets, and then provide possible solutions for them respectively. Fig. 4 illustrates the new mapping by the proposed solutions for the collision shown in Fig. 3.   
SET 1: consists of the UL subframes which are also an UL subframe in the scheduling cell and the corresponding subframe #
[image: image5.wmf]k

 on the SCell is also an UL subframe. 
This condition meets the criterion that the retransmission of a scheduled subframe still happens on an UL subframe on SCell even if the RTT is not 10ms. The possible solution of this set is that 

· Type 4: The HARQ/UL-grant timing follows that of the scheduling cell, because the retransmission could be regularly performed. (Note that this does not necessarily guarantee the subframes for the subsequent retransmissions are also UL subframes due to the consistent shifting of the retransmission subframes for RTT of 5 ms.)
SET 2: consists of the UL subframes which are also an UL subframe in the scheduling cell, but the corresponding subframe #
[image: image6.wmf]k

 on the SCell is a DL subframe. The retransmission of the UL subframe in this set could happen on a DL subframe on the SCell, thus the retransmission cannot be regularly performed.  
The possible solutions of this set is that 

· UL-grant timing

· Type 5-1: follow that of the scheduling cell

· PUSCH HARQ timing 

· Type 5-2: follow the HARQ timing of the scheduling cell for a reference UL subframe #U, e.g. the next later UL subframe that belongs to SET 1  

· Type 5-3: HARQ could be mapped to the next later DL subframe on the scheduling cell which carries other PUSCH HARQ of the UL subframes on the scheduling cell consistent with SET 1 on the SCell, and at least 4TTIs after the transmitted UL subframe on the SCell.

SET 3: includes the subframe #9 when the scheduling cell is configured with Configuration 6, and the SCell is configured with Configuration 0.
The possible solution of this set is that 

· Type 6: PUSCH HARQ/UL-grant timing follows that of the SCell
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Fig. 3. Mapping collision in case PUSCH RTT is not 10ms on the scheduling cell under cross-carrier scheduling
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Fig. 4. Solutions of the mapping collisions in case of PUSCH RTT of the scheduling cell is NOT 10 ms 

under cross-carrier scheduling
2.2 PDSCH HARQ timing
For PDSCH HARQ, due to the fact that all of the UL subframes in any TDD configuration are permitted to carry PDSCH HARQ, and mutual compatibility exists among the TDD configurations, a possible simple solution for the PDSCH HARQ collisions may be to follow the timing of a reference configuration, and use the table below for selecting the reference configuration.  
Table. 1 Reference TDD UL-DL configuration
	Reference TDD UL-DL configuration
	Configuration of the SCell

	
	0
	1
	2
	3
	4
	5
	6

	Configuration of the PCell
	0
	0
	1
	2
	3
	4
	5
	6

	
	1
	1
	1
	2
	4
	4
	5
	1

	
	2
	2
	2
	2
	5
	5
	5
	2

	
	3
	3
	4
	5
	3
	4
	5
	3

	
	4
	4
	4
	5
	4
	4
	5
	4

	
	5
	5
	5
	5
	5
	5
	5
	5

	
	6
	6
	1
	2
	3
	4
	5
	6


2.3 Cross-carrier scheduling

Cross carrier scheduling may provide the possibility of control channel coordination among adjacent cells in heterogeneous network deployments. However, the standardization impact of the remaining open issues to support cross-carrier scheduling with different TDD UL-DL configurations should be carefully evaluated.
For uplink cross-carrier scheduling, if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms, possible solutions exist, as addressed in Section 2.1. These solutions have non-trivial specification impact, therefore they should be evaluated further. 
For downlink cross-carrier scheduling, in case that the DL-grant of the serving cell and PDSCH on the scheduled cell is not on the same subframe n, to support downlink cross-carrier scheduling, multi-TTI/cross-subframe scheduling would have to be supported, which would generate great impact on standardisation. Therefore we propose not to support DL cross-carrier scheduling in case the DL-grant of the serving cell and PDSCH on the scheduled cell is not on the same subframe n. 
3 Summary
Based on the analysis on this contribution, we drew the following conclusions:

· For PUSCH HARQ/scheduling timing in case of cross-carrier scheduling, if the set of UL subframes indicated by the scheduled cell SIB1 configuration is NOT a subset of the UL subframes indicated by the scheduling cell SIB1 configuration or if the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms, possible solutions exist as discussed in Section 2.1. The solutions should be carefully evaluated in order to decide whether to support cross-carrier scheduling for these cases or not.
· DL cross-carrier scheduling should not be supported in case the DL Grant of the serving cell and PDSCH on the scheduled cell are not on the same subframe, because support of multi-TTI/cross-subframe scheduling would generate a great impact on standardisation.
· For PDSCH HARQ timing, if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration, the PDSCH HARQ timing could follow that of a reference configuration, as given for example in Table 1. 
4 References
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