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1
Introduction

For inter-band CA with different TDD UL-DL configurations on different bands, the followings were agreed in RAN1#66 meeting:
· If support of different TDD UL-DL configurations on different bands is specified, the UEs will be informed of the actual UL-DL configuration of each aggregated CC.
· No new TDD UL/DL configurations will be considered.
Several problems will be encountered when inter-band CA is supported, and the followings were raised in RAN1#66 meeting:
· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?
· How many bands are supported?
· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?
· Is PUCCH still transmitted on only 1 CC and always on the PCell?
· Is PHICH transmitted on the cell carrying the UL grant?
· Same HARQ timing rules as in Rel-10?
· Same scheduling timing as in Rel-10?
In this contribution, we will disscuss some of these potential problems, also provide our views on inter-band CA.
2
 Are There any Restrictions on which Combinations of UL-DL Configurations can be Aggregated?
  To support higher data rate, band extension by carrier aggregation is introduced in Rel-10.  In Rel-10 TDD mode, only intra-band CA is supported.  Hence, the configured TDD cells have the same UL-DL configurations in Rel-10.  The supported uplink-downlink configurations are listed in Table 1 [1].  However, inter-band CA may be supported in Rel-11 for aggregating cells on different bands.  To avoid the problems due to different TDD UL-DL, i.e. HARQ, cross-carrier scheduling etc., is to restrict the combinations of UL-DL configurations can be aggregated.  Obviously, the CA flexibility will be restricted.  Hence, for the flexibility of CA, we propose that no restriction on combination of UL-DL configurations..
Proposal 1: No restriction on combination of UL-DL configurations can be aggregated.

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


3
Is Cross-Carrier Scheduling Supported?
  Cross-carrier scheduling is introduced in Rel-10.  When a UE is configured with cross-carrier scheduling, 3-bit CIF will be appended to its DCI to identify the CC corresponds to the DL assignments / UL grants.  If cross-carrrier scheduling is enable, UE will always monitor the PDCCHs on its scheduling cell (e.g. in the later examples, PCell is the scheduling cell).  Cross-carrier scheduling is suitable for the UEs that do not have reliable PDCCH reception on some CCs (e.g. heterogeneous network deployments).  Hence, we kindly sugguest that cross-carrier scheduling shoud be supported in inter-band CA scenario. 
Proposal 2: Cross-carrier scheduling should be supported for inter-band CA.

  In Rel-10, the configured TDD cells have the same UL-DL configurations.  Therefore, each SCell can be scheduled by its PCell.  As shown in Figure 1, the aggregated CC#1 and CC#2 have the same UL/DL configurations where CC #1 is PCell.  For CC#2, each downlink subframe can be scheduled by CC#1 because they have the UL-DL same configuration.
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Figure 1: An example of intra-band CA for TDD system where the aggregated CCs are deployed in the same band.
  However, the SCell may not be scheduled by its PCell while different TDD UL-DL configurations on different bands are specified.  As shown in Figure 2, the aggregated CC#1 and CC#2 have different UL/DL configurations where CC #1 is PCell.  CC#1 is deployed on band A with TDD UL-DL configuration 2.  Also, CC#2 is deployed on band B with TDD UL-DL configuration 4.  For subframe#7, there is UL subframe on band A and DL subframe on band B.  Clearly, CC#2 cannot be scheduled by CC#1 on subframe#7.  To handle theproblem, some scheduling schemes are proposed as shown in the following sections.
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Figure 2: An example of inter-band CA for TDD system where band A and band B have different UL-DL configurations.
3.1
Cross-carrier scheduling is enabled when the subframe of scheduled CC and scheduling CC are both downlink
  In this section, cross-carrier scheduling is only enabled when the subframe of scheduled CC (e.g. SCell) and the scheduling CC (e.g. PCell) are both downlink.  In other words, cross-carrier scheduling is not enabled when the subframe of scheduled CC and the scheduling CC have different directions (e.g. one is downlink and the other is uplink). 
  As shown in figured 3, the aggregated CC#1 and CC#2 have different UL-DL configurations where CC #1 is PCell.  CC#1 is deployed on band A with TDD UL-DL configuration 2.  Also, CC#2 is deployed on band B with TDD UL-DL configuration 4.  The two CCs are aggregated.  For subframe#7, there is UL subframe on band A and DL subframe on band B.  CC#1 will not schedule any DL assignment or UL grant on the overlapped subframe.  Therefore, the radio resource may be wasted when this scheme is applied.
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Figure 3: An example of cross-carrier scheduling is enabled when the subframe of scheduled CC and scheduling CC are both downlink
3.2
Cross-carrier scheduling is not enabled between different UL-DL configurations
  In this section, cross-carrier scheduling is enabled when scheduled CC (e.g. SCell) has the same UL-DL configuration as scheduling CC (e.g. PCell).  In other words, cross-carrier scheduling is not enabled when the UL-DL configurations of scheduling CC and scheduled CC are different.

  As shown in figured 4, the aggregated CC#1 ~ CC#4 are operated on two different UL-DL configurations where CC #1 is PCell.  CC#1 and CC#2 are deployed on band A with TDD UL-DL configuration 2 whereas CC#3 and CC#4 are deployed on band B with TDD UL-DL configuration 4.  Cross-carrier scheduling is only allowed for the CCs configured with same UL-DL configuration. For example, CC#2 can only be scheduled by CC#1 and CC#4 can only be scheduled by CC#3. On the contray, CC#3 and CC#4 cannot be scheduled by CC#1 since they are configured with different UL-DL configuration.  Therefore, the scheduling flexibility is restricted when the UL-DL configurations of serving cells are different.

[image: image4.emf]Band A

Band B

CC#1

(PCell)

CC#2 D S U D S U D D D D

D S U

TDD UL/DL configuration 4

U D S D D D D

Cross-carrier scheduling is not supported

D S U D

TDD UL/DL configuration 2

S U D D D D

D S U U D S D D D D

CC#3

CC#4

Cross-carrier scheduling is allowed

Cross-carrier scheduling is allowed


Figure 4: An example of cross-carrier scheduling is not enabled between TDD cells with different UL-DL configurations
3.3
Combination of cross-carrier and cross-subframe scheduling
  In this section, more than one DL subframe can be scheduled by its scheduling CC (e.g. PCell).  It is a combinatiom of cross-carrier and cross-subframe scheduling which can be realized by a subframe indicator.  In this scheme, subframe indicator is appended to the DCI, in order to indicate the crossponding subframe number of the scheduling DL assignment / UL grant.  
  As shown in figured 5, the aggregated CC#1 and CC#2 have different UL-DL configurations where CC #1 is PCell.  CC#1 is deployed on band A with TDD UL-DL configuration 2.  Also, CC#2 is deployed on band B with TDD UL-DL configuration 4.    For subframe#7 of CC#2, it can be scheduled by the previous DL subframe of CC#1.  Thus, the radio resource will not be wasted.  However, this scheme might introduce new DCI payload size due to the additional field of DCI.  After appending the subframe indicator, the number of blind decoding attempts will be increased if the new DCI payload size cannot be aligned with the existing one.  In this scheme, the scheduling cell may schedule DL/UL resources for more than one subframe.  Hence, the PDCCH capacity should also take into account when more than one DL subframes are indicated. 
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Figure 5: An example of a combination of cross-carrier scheduling and cross-subframe scheduling.

3.4
Switching of scheduling cell
  In this section, the scheduling cell may be switched according to UL-DL configurations of the serving cells, cell priority, cell index etc.  In other words, the scheduling cell may be changed on different subframes.
  As shown in figured 6, band A and band B have different UL-DL configurations.  CC#1 and CC#2 are deployed on band A with TDD UL-DL configuration 0.  Also, CC#3 and CC#4 are deployed on band B with TDD UL-DL configuration 4.  The four CCs are aggregated where CC#1 is PCell.  For subframes #0, #1, #5 and #6, each DL subframe of the serving cells can be scheduled by its PCell (CC#1).  In other words, the scheduling cell is PCell on subframes #0, #1, #5 and #6.  For subframe #9, there is a DL subframe on CC#3 and CC#4 while a UL subframe on its PCell.  Therefore, the DL subframe cannot be scheduled by its PCell. In this case, CC#3 and CC#4 can be the candidates of the scheduling cell.  In this example, the scheduling cell is the DL available cell with smallest carrier index if PCell is not DL available.  Therefore, the scheduling cell is CC#3 on subframe #9.
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Figure 6: An example of switching of scheduling cell.
  In this scheme, the radio resource will not be wasted, the scheduling principle is more flexible, and the HARQ timing rule remains the same as Rel-10.  Furthermore, the number of blind decoding attempts will not be increased because the DCI will not be appended with any new field.  To minimize the specification impact, we prefer to use this scheduling scheme if cross-carrier scheduling is supported.
· Proposal 3: To discuss whether the scheduling cell could be switched to support cross-carrier scheduling.

4
HARQ-ACK Response and PUCCH Transmission
If a Rel-10 UE is configured with more than one serving cell, PUCCH is transmitted on its PCell.  For inter-band CA, each serving cell may have different UL-DL configurations.  Hence, the conflicting situation may happen when PCell is downlink and one of the SCell is uplink on the same subframe.  In this case, the UE cannot transmit PUCCH on its PCell.  To mitigate specification impact, we prefer that the inter-band capable UE shall still transmit PUCCH on its PCell only, as defined in Rel-10.  On the conflicting subframe(s) (PCell is downlink and one of the SCell is uplink), the inter-band capable UE transmits UCI (including HARQ-ACK response) on PUSCH which is assigned by eNB.  This scheme can be completely realized by eNB scheduling, and it doesn’t introduce any specification impact.
Proposal 4: PUCCH shall be transmitted on its PCell only.
As shown in Figure 7, the aggregated CC#1 and CC#2 have different UL-DL configurations where CC #1 is PCell.  CC#1 is deployed on band A with TDD UL-DL configuration 1.  Also, CC#2 is deployed on band B with TDD UL-DL configuration 6.    For subframe #2, #3, #7 and #8, both primary cell and secondary cell are uplink available.  In the above subframes, UCI can be carried by PUCCH or PUSCH.  If the UCI is carried by PUCCH, the UE transmits PUCCH on its PCell.  For subframe #4, PCell is not available for uplink.  Hence, UCI transmits on PUSCH which is granted by eNB.  
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Figure 7: An example of switching of scheduling cell.

Proposal 5: UCI shall be transmitted on SCell PUSCH if PCell in not UL available for the same subframe.
5
Conclusions

In this contribution, we provide our views on inter-band CA, as described in the following:  
· Proposal 1: No restriction on combination of UL-DL configurations can be aggregated.
· Proposal 2: Cross-carrier scheduling should be supported for inter-band CA.  
· Proposal 3: To discuss whether the scheduling cell could be switched to support cross-carrier scheduling.

· Proposal 4: PUCCH shall be transmitted on its PCell only.
· Proposal 5: UCI shall be transmitted on SCell PUSCH if PCell in not UL available for the same subframe.
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