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1
Introduction

For Rel-11, the following WI for CA enhancement was agreed in RAN#51 meeting [1]:
· Support of inter-band carrier aggregation for TDD DL and UL including different uplink- downlink configurations on different bands.
The following agreements were made in RAN1#68:
· For 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
· For HARQ-ACK timing
· No new HARQ-ACK timing.
For the inter-band CA capable UE, simultaneous or non-simultaneous transmission and reception will be considered as the two possible solutions for UE implementation.  In this contribution, we will discuss cross-carrier scheduling on inter-band CA for those UEs can support simultaneous transmission and reception, and also provide our views on inter-band CA in Rel-11.
2
Cross-Carrier Scheduling
For Rel-10, only intra-band CA is supported in TDD mode.  Each configured component carrier (CC) is deployed on the same band which has the same UL-DL configuration.  Hence, each subframe performs either transmission or reception, and each SCell can be scheduled by PCell in the same subframe.  
For Rel-11, inter-band CA for TDD system will be supported.  Each configured CC may be deployed on different bands, and may have different UL-DL configurations.  The supported uplink-downlink configurations are listed in Table 1 [2].  Based on its traffic characteristic, different DL:UL ratios can be configured (from 2:3 to 9:1).  Therefore, more flexibility can be achieved in the inter-band CA system by different DL:UL ratios on different serving cells.  However, a DL subframe in a SCell cannot be scheduled by the UL PCell in the same subframe..  To resolve this issue, three options will be discussed in this section.

Table 1: TDD 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


Option 1:  Muting the conflicting subframes on SCell(s).
In the first option, only PCell can be the scheduling cell and each SCell is the scheduled cell.  PDCCH on a scheduling cell (PCell) in subframe n can schedule PDSCH on other scheduled cell(s) in subframe n.  Cross-subframe scheduling is prohibited in this scheme.  Therefore, the conflicting DL subframes on SCells are muted.  
As shown in figured 1, there are two aggregated CCs which are deployed on different bands.  CC#1 is configured with UL-DL configuration#0 and CC#2 is configured with UL-DL configuration#4 where CC#1 is PCell.  For the non-conflicting DL subframe on CC#2 (e.g. subframe 0, 1, 5 and 6), PDSCH will be scheduled by PDCCH on PCell in the same subframe.  On the contrary, the conflicting DL subfame on CC#2 (e.g. subframe 4, 7, 8 and 9) is muted. In this solution, specification impact is minimized. However, downlink peak rate may be decreased.
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Figure 1: An example of muting the conflicting subframes on SCell(s).
Option 2:  Cross-subframe scheduling is enabled.
In the second option, PDSCH on the scheduled cell(s) in subframe n can be scheduled by PDCCH carried by a scheduling cell (e.g. PCell) in subframe n-k where k
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.  Therefore, a DL subframe on the scheduling cell may schedule more than one DL subframes on the scheduled cell.  In the second solution, it will not reduce downlink peak rate.  However, it might introduce new DCI payload size due to the additional field to indicate the subframe number.  Control channel capacity should also be taken into account when more than one DL subframes are scheduled.
As shown in Figure 2, there are two aggregated CCs which are deployed on different bands.  CC#1 is configured with UL-DL configuration 0 and CC#2 is configured with UL-DL configuration#4 where CC #1 is PCell.  For the non-conflicting DL subframe on CC#2 (e.g. subframe 0, 1, 5 and 6), PDSCH will be scheduled by PDCCH on PCell in the same subframe.  On the contrary, the conflicting DL subframe n on CC#2 (e.g. n
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 will be scheduled by DL subframe n-k on PCell where k
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.  For example, PDSCH in subframe 4 on CC#2 can be scheduled by PDCCH in subframe 1 on CC#1, and PDSCH in subframe {7, 8, 9} on CC#2 can be scheduled by PDCCH in subframe 6 on CC#1.
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Figure 2: An example of cross-subframe scheduling is enabled in inter-band CA system.
Option 3:   Scheduling CC can be chosen from subset of CCs for each subframe.
In Rel-10, the scheduling CC is semi-static. If in Rel-11, the scheduling CC can be relaxed to be chosen from subset of CCs for each subframe. Then the disadvantage of Option 1, i.e., the reduction of DL peak rate, can be solved.

In the third option, cross-carrier scheduling PDCCH can be carried by either PCell or SCell.  PDCCH on a scheduling cell (e.g. PCell) in subframe n can schedule PDSCH on other scheduled cell(s) in subframe n.  Cross-subframe scheduling is prohibited in this scheme.  For the non-conflicting DL subframe on SCell, PCell is the scheduling cell. For subframe n where PCell is a UL subframe, cross-carrier scheduling PDCCH is carried by DL subframe in a SCell. 
As shown in figured 3, there are three aggregated CCs which are deployed on different bands.  CC#1 is configured with UL-DL configuration#0, CC#2 is configured with UL-DL configuration#4, and CC#3 is configured with UL-DL configuration#5 where CC#1 is PCell.  For the non-conflicting DL subframe on CC#2 and CC#3 (e.g. subframe 0, 1, 5 and 6), PDSCH will be scheduled by PDCCH on PCell in the same subframe.  On the contrary, the conflicting DL subframe n on CC#2 and CC#3 (e.g. n
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 will be scheduled by PDCCH on CC#2 in the same subframe.  Moreover, the conflicting DL subframe 3 on CC#3 will be scheduled by PDCCH on CC#3 in the same subframe.  In other words, PCell carriers PDCCHs in subframe {0,1,5,6}, CC#2 carriers PDCCHs in subframe {4,7,8,9}, and CC#3 carriers PDCCHs in subframe 3. With this solution, it will not reduce downlink peak rate as in Option 1 in this section.
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Figure 3: An example of cross-carrier scheduling PDCCH is carried by either PCell or SCell.
Three options for supporting inter-band cross-carrier scheduling are introduced in this section, and the comparison is listed in Table 2.  For inter-band cross-carrier scheduling, we try to find a solution which does not reduce peak rate and not increase control overhead.  From the above reasons, Option 3 in this section is preferred.  

Proposal 1:  Scheduling CC can be chosen from subset of CCs for each subframe.  
Table 2: Comparison of the options for supporting inter-band cross-carrier scheduling

	Option
	Pros & Cons

	Option 1:

Muting the conflicting subframes on SCell(s)
	Pros
	· Impacts on specifications can be minimized

	
	Cons
	· Downlink peak rate may be reduced.

	Option 2:

Cross-subframe scheduling is enabled.
	Pros
	· It will not reduce downlink peak rate.

	
	Cons
	· It might introduce new DCI payload size due to the additional field to indicate the subframe number.

· Control overhead may be increased.

	Option 3:

Scheduling CC can be chosen from subset of CCs for each subframe.


	Pros
	· It will not reduce downlink peak rate.

	
	Cons
	· May have impact on CA-based HetNet.


3
HARQ Timing
Only intra-band CA for TDD system is supported in Rel-10. Since each CC has the same UL-DL configuration, each SCell can follow PCell’s HARQ timing to report PDSCH/PUSCH HARQ-ACK feedback.  However, inter-band CA for TDD system will be supported in Rel-11.  Since each configured CC may have different UL-DL configurations, SCell may not always follow PCell’s HARQ timing to report PDSCH/PUSCH HARQ-ACK feedback.  In this section, we will discuss PDSCH/PUSCH HARQ-ACK timing for inter-band CA.

Option 1:  SCell always follow PCell timing to report HARQ-ACK feedback
In the first option, each SCell always follows PCell timing to report PDSCH/PUSCH HARQ-ACK feedback.  If both PCell and SCell have the same direction (downlink/uplink) on subframe n, SCell reports PDSCH/PUSCH HARQ-ACK feedback and follows PCell timing.  On the contrary, if PCell and SCell have different directions (one is downlink and the other is uplink) on subframe n, SCell cannot report PDSCH/PUSCH HARQ-ACK feedback because there is no corresponding feedback resource.  Therefore, the conflicting subframes on SCells are muted.  In the first solution, impacts on specifications can be minimized.  However, uplink and/or downlink peak rate may be reduced because of the muted subframe(s).

As shown in Figure 4, there are two aggregated CCs which are deployed on different bands.  CC#1 is configured with UL-DL configuration#1 and CC#2 is configured with UL-DL configuration#2 where CC#1 is PCell.  For the non-conflicting subframe on CC#2 (e.g. subframe 0, 1, 2, 4, 5, 6, 7 and 9), SCell follows PCell timing to report PDSCH/PUSCH HARQ-ACK feedback.  On the contrary, the conflicting subfames on CC#2 (e.g. subframe 3, 8) are muted.  In this example, since some downlink subframes are muted, the downlink peak rate is reduced.
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Figure 4: An example of SCell always follows PCell timing to report HARQ-ACK feedback.
Option 2:  Each CC follows a reference configuration to report HARQ-ACK feedback
In the second option, each CC follows a reference configuration to report PDSCH/PUSCH HARQ-ACK feedback.  The reference configuration may be chosen from current configurations listed in Table 1.  Further, PDSCH and PUSCH may have different reference configuration to report HARQ feedback.  This scheme ensures each downlink subframe on SCell is associated with an uplink subframe on PCell, and each uplink subframe on SCell is associated with a downlink subframe on PCell.  It is noted that this option can be applied to cross-carrier scheduling Option3 in Section 2. In the second solution, it will not reduce peak rate.  However, it might limit the combination of UL-DL configurations.
As shown in Figure 5, there are two aggregated CCs which are deployed on different bands.  CC#1 is configured with UL-DL configuration#1 and CC#2 is configured with UL-DL configuration#2 where CC#1 is PCell.  In this example, PUSCH HARQ-ACK follows PCell timing because SCell’s uplink subframes is a subset of PCell.  For PDSCH HARQ-ACK feedback, it follows SCell timing because PCell’s downlink subframes is a subset of SCell. This way, it ensures each downlink subframe on SCell can be associated with an uplink subframe on PCell.
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Figure 5: An example of each CC follows a reference configuration to report PDSCH HARQ-ACK.
The other example is shown in Figure 6. There are two aggregated CCs deployed on different bands.  CC#1 is configured with UL-DL configuration#2 and CC#2 is configured with UL-DL configuration#1 where CC#1 is PCell.  In this example, PDSCH HARQ-ACK follows PCell timing because SCell’s downlink subframes is a subset of PCell.  For PUSCH HARQ-ACK feedback, it follows SCell timing because PCell’s uplink subframes is a subset of SCell.  It ensures each uplink subframe on SCell can be associated with a downlink subframe on PCell.

[image: image10.emf]CC#2

(SCell)

CC#1

(PCell)

D S U D

TDD UL/DL configuration 2

S U D D D D

D S U U D S D D

Subframe Number: 0 1 2 7 6 5 4 3 8 9

TDD UL/DL configuration 1

U U

PUSCH HARQ-ACK timing follows SCell configuration.

Self-scheduling ACK reporting timing


Figure 6: An example of each CC follows a reference configuration to report PUSCH HARQ-ACK.

Two options for reporting HARQ-ACK feedback in inter-band CA system are introduced in this section, and the comparison is listed in Table 3.  For inter-band HARQ-ACK feedback, we try to find a solution which does not reduce peak rate.  From the above reasons, option 2 in this section is preferred.

Table 3: Comparison of the options to report HARQ-ACK feedback if inter-band CA is enabled. 
	Option
	Pros & Cons

	Option 1:

SCell always follow PCell timing to report HARQ-ACK feedback
	Pros
	· Impacts on specifications can be minimized

	
	Cons
	· Peak rate may be reduced.

	Option 2:

Each CC follows a reference configuration to report HARQ-ACK feedback
	Pros
	· It will not reduce peak rate.

	
	Cons
	· Have limitation on the combination of UL-DL configurations.

· PDSCH and PUSCH follow different configurations to report HARQ-ACK feedback.


4
Conclusions

In this contribution, we discuss several options of cross-carrier scheduling and HARQ-ACK feedback timing for the UEs can support simultaneous transmission and reception.  The pros and cons of each option are listed.  For inter-band cross-carrier scheduling, we propose that:
· Scheduling CC can be chosen from subset of CCs for each subframe.
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