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1. Introduction
In last RAN1#66bis meeting, for Rel-11 CA, there was an agreement achieved as follows:

· Support the inter-band CA of TDD Carriers with different configurations in Rel-11.
· Observed benefits:

· Legacy system co-existence.

· Hetnet support, aggregation of traffic-dependent carriers.
· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band
· Higher peak rate
After reaching the above conclusion, the following open issues need further discussions on the specification impact with taking into account the response to RAN1 LS[1] on UE simultaneous Tx/Rx from RAN4[2]: 
· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic)

· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

· Is PUCCH still transmitted on only 1 CC?

· Is PUCCH 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 discuss the UL/DL scheduling timing and HARQ timing issues with and without cross carrier scheduling for both full-duplex and half-duplex UE. 

2. Discussion
In LS reply from RAN4[2], the answer to the second question, i.e., “If a UE supports aggregating cells on different bands with different UL-DL configurations, can it be assumed that the UE supports simultaneous transmission/reception on the different bands?”, is given below:
The feasibility of TDD UE supporting simultaneous transmission/reception for a given band combination should be considered on a band combination specific basis. A UE supporting inter-band carrier aggregation with different UL-DL configurations does not necessarily mean supporting of simultaneous transmission/reception on different bands. There is no architectural limitation to do so. Additional complexity and cost or degraded RF performance (sensitivity, output power) may occur for TDD UEs supporting simultaneous transmission/reception on different bands, compared to UEs not supporting simultaneous transmission/reception on different bands. If similar filtering performance for TDD is assumed as for FDD then similar band separation can be expected as for FDD. 
From the above answer, it shows that whether the UE supports simultaneous transmission/reception on the different bands or not depends on the specific circumstance, which means both of them could have the opptunity to occur. Therefore, we discuss the scheduling and HARQ timing in the following two sections. 
2.1 Support simultaneous transmission/reception
In this section, UE supports simultaneous transmission and reception in one subframe, the UL/DL scheduling and HARQ timing are considered in two cases according to PCell’s UL-DL configuration. 
Case 1-1: UL-heavy PCell
In this case, the UL-DL configuration of PCell has a superset of the UL subframes with respect to any other UL-DL configuration of the scheduled SCells. 
In case of non cross carrier scheduling, it can be observed that no problem exists if PCell and the scheduled SCell follow the UL/DL scheduling and HARQ timing relation of their own UL-DL configurations.
In case of cross carrier scheduling, for UL scheduling and HARQ timing of the scheduled SCell, no problems exist if following the UL scheduling timing relation of SCell and UL HARQ timing relation of PCell. However, for DL scheduling of the scheduled SCell, since PCell has not enough DL subframes to cross-carrier schedule some DL subframes on SCell for DL transmission, it may impact the use of resource on SCell. For example,   
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Figure 1 The DL scheduling and HARQ timing problem for UL-heavy PCell
In figure 1, the UL subframe #3 on PCell cannot send PDCCH to cross carrier schedule the subframe #3 on SCell for DL transmission. The green line for the linkage between PDCCH and PDSCH shows that the subframe #3 on SCell can be cross carrier scheduled by PCell for DL transmission if the combination of cross-carrier scheduling and cross-subframe scheduling is adopted. 

Besides the combination with cross-subframe scheduling, there are still other solutions to address the DL scheduling problem, including resolve by eNB scheduling, and limit on TDD UL-DL configurations, etc[7]. 
Case 1-2: DL-heavy PCell 
In this case, the UL-DL configuration of the scheduled SCell has more UL subframes than the UL-DL configuration of PCell. 
For UL scheduling and HARQ timing of SCell, since SCell has more UL subframes to be scheduled for UL transmission and PCell has enough DL subframes for UL HARQ timing, no problems exist if following the UL scheduling and HARQ timing relation of SCell for both (non-) cross carrier scheduling cases. 
For DL scheduling and HARQ timing of SCell, because PCell have not enough UL subframes for UL HARQ-ACK transmission on PUCCH, both non cross carrier scheduling and cross carrier scheduling for DL transmission may not happen, and thus the efficiency of resource utilization is reduced. For example, 
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Figure 2 The DL scheduling and HARQ timing problem for DL-heavy PCell
In figure 2, the transmission directions of subframes #3 and #8 on PCell and SCell are not respectively the same if PCell uses configuration 2 and SCell uses configuration 1. The blue line for the linkage between PDCCH and PDSCH shows that the DL subframe #9 on PCell is cross carrier scheduling the SCell for DL transmission, and the black line shows the non cross carrier scheduling case. Due to the DL transmission direction on the subframes #3 and #8 on PCell, the UL HARQ-ACK cannot be transmitted on PUCCH, and thus the DL subframes #4 and #9 on SCell cannot be cross-carrier scheduled or non cross-carrier scheduled for DL transmission. 
To address such UL HARQ-ACK transmission problems, there are several solutions as follows:
· Option 1: Restrict the scheduling by eNB
Since the TDD UL-DL configuration on each carrier and cross carrier scheduling are configured by eNB, so eNB could be able to restrict non cross-carrier scheduling or cross carrier scheduling to take place in only schedulable subframes on SCell. This option has less influence on the current specification. 
· Option 2: Support PUCCH on SCell
    The fundmental reason for the DL scheduling and HARQ timing problem is that UL HARQ-ACK is    transmitted by PUCCH on only PCell in Rel-10. In order to solve the problem, the extension of PUCCH on SCell could be a way to let the DL scheduling happen and consequently keep the efficiency of resource utilization. In addition, PUCCH on SCell may be also helpful for multiple periodic CSI  feedback for uplink transmission, declination of the dropping rate of UCI, and maintenance of UL timing for the SCell TA group, etc[6]. 
· Option 3: UL HARQ-ACK transmission on PUSCH

For full-duplex UE, UL HARQ-ACK can also be transmitted on PUSCH of SCell without subject to the restrictions of PUCCH on PCell only. However, the detection performance of UL HARQ-ACK will be affected for the reason that the control channel of PUCCH has better reliability.  
Proposal 1: For full-duplex UE case, several solutions including cross- subframe scheduling,  eNB scheduling restriction and limitation on the combination of different TDD UL-DL configurations are proposed for the DL scheduling and DL HARQ timing problems, and their scheduling efficiency needs to be further evaluated. 
2.2 Not support simultaneous transmission/reception
If simutaneous transmission and reception are not supported in the case of aggregating cells with different UL-DL configuration on different bands, the transmission direction must be uniquely determined by some selection rules, such as the scheduling cell or configured by network[4]. 
In case of non cross carrier scheduling, the UL/DL self scheduling and HARQ timing of SCell will be impacted for muted subframes. For UL-heavy PCell case, the UL self scheduling of SCell won’t be influenced but its UL HARQ timing will, and the DL self scheduling of SCell doesnot occur on the muted subframes either. On the contrary, for DL-heavy PCell case, the DL self scheduling of SCell won’t be influenced but its DL HARQ timing will, and the UL self scheduling of SCell doesnot occur on the muted subframes either.

In case of cross carrier scheduling, one important scenario was inter-cell interference coordination in hetergenous network in Rel-10. But in Rel-11, the enhancement for cross carrier scheduling is needed for conquering the issues, such as the lack of available DL subframe to carry DL/UL grant for the PDSCH/PUSCH transmission in TDD inter-band CA scenario and PDCCH-less carrier[5] scenario. Furthermore, from the agreement in RAN2 #75bis, i.e. the PDCCH for Msg2 can be sent on a different serving cell than the SCell in which the preamble was sent[3], cross carrier scheduling is also supported in MTA scenario. Therefore, cross carrier scheduling will be considered with great effort.
Observation: The enhancement for cross carrier scheduling should be supported in Rel-11. 

Due to the timeline for Rel-11 and ease of extension, the transmission direction following the UL-DL configuration on the scheduling cell, like PCell, seems to be preferable because Rel-10 TDD intra-band CA design is completely reusable, and also the impacts to the standard and implementation are minimal[4]. 
In the following, we will discuss the scheduling timing and HARQ timing issues on the basis of the UL-DL configuration of PCell as the scheduling cell for instance. 
Case 2-1: UL-heavy PCell
In this case, the UL-DL configuration of PCell has a superset of the UL subframes with respect to any other UL-DL configuration of the scheduled SCells. Following the UL-DL configuration on PCell, the DL transmission of SCell is muted on the conflict subframes.
For UL scheduling and HARQ timing of SCell, since PCell has more UL subframes, no problems exist if following the UL scheduling timing relation of SCell and UL HARQ timing relation of PCell. 

For DL scheduling timing of SCell, because PCell has less DL subframes than SCell, the conflict subframes on SCell is unusable and the DL scheduling of SCell will be impacted if following the timing relation of SCell. Thus, the efficiency of resource utilization is reduced. For example,


[image: image3.emf]D

U U S D U S D D U D

U S D U S D D D

PCell(CC1)

Config 1

SCell(CC2)

Config 2

Subframe

0 1 2 5 4 3 8 7 6 9

D

PDCCH

PDCCH PDCCH

PDCCH

PDCCH

PDSCH

PDCCH

PDSCH

 
Figure 3 The DL scheduling timing problem for UL-heavy PCell
In figure 3, PCell with configuration 1 can cross-carrier schedule SCell with configuration 2. If the transmission direction is following the UL-DL configuration on PCell, the subframes #3 and #8 on SCell cannot be cross-carrier scheduled by PCell or self-scheduled for DL transmission either. And also, the green line for cross-subframe scheduling method mentioned in case 1-1 is not useful in half-duplex UE case. This will greatly impact the scheduling efficiency. 
Considering this DL scheduling problem, several approaches such as restrict eNB scheduling on the conflict subframe and/or limit on the combination of TDD UL-DL configurations are considered, and their scheduling efficiency need further simulation and analysis. 
Case 2-2: DL-heavy PCell
In this case, the UL-DL configuration of PCell has more DL subframes with respect to any other UL-DL configuration of the scheduled SCells. Following the UL-DL configuration on PCell, the UL transmission of SCell is muted on the conflict subframes.

For UL scheduling and HARQ timing of SCell, since the conflict subframes on SCell is unusable, the UL scheduling of SCell will be impacted if following the timing relation of SCell. Thus, the efficiency of resource utilization is reduced. However, the impact to cross-carrier scheduling case can be avoid if following the scheduling timing relation of PCell and HARQ timing relation of SCell. For example,
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Figure 4 The UL/DL scheduling timing problem for DL-heavy PCell
In figure 4,  the pink line shows that the PDCCH with UL grant on DL subframe #9 on PCell cannot cross-carrier schedule the UL subframe #3 on SCell for UL transmission. But if following the scheduling timing relation of PCell, the blue line shows that this PDCCH can cross-carrier schedule the UL subframe #7 on SCell for UL transmission, and consequently DL HARQ-ACK on PHICH will be sent on subframe #1 on PCell according to the UL HARQ timing relation of SCell.
For DL scheduling and HARQ timing of SCell, because PCell has not enough UL subframes for UL HARQ-ACK transmission, both non cross carrier scheduling and cross carrier scheduling for DL transmission cannot happen if UL HARQ-ACK needs to be transmitted on the conflict subframe, see figure 4. This will greatly impact the scheduling efficiency. 
Different from the similar situation in case 1-2 for full-duplex UE, the solutions, such as PUCCH on SCell and UL HARQ-ACK transmission on PUSCH, is not useful for half-duplex UE. In order to solve the DL scheduling problem, two approaches that restriction of eNB scheduling and limit on TDD UL-DL configurations are considered, and their scheduling efficiency still need further simulation and evaluation.

Proposal 2: For half-duplex UE case, if following the UL-DL configuration on PCell,  eNB scheduling restriction and limitation on the combination of different TDD UL-DL configurations are two solutions for the DL scheduling and HARQ timing problem, and their scheduling efficiency need to be further evaluated.  
Table 1 summary of the content
	
	UL transmission on SCell
	DL transmission on SCell

	Duplex type
	PCell type
	Scheduling type
	UL scheduling
	UL HARQ timing
	DL scheduling
	DL HARQ timing

	Full-duplex 

UE
	UL-heavy PCell
	non cross carrier scheduling
	no influence
	no influence
	no influence
	no influence

	
	
	cross carrier scheduling
	timing relation of SCell
	timing relation of PCell
	solutions: cross- subframe scheduling,  eNB scheduling,  limitation on the combination of TDD UL-DL configurations

	
	DL-heavy PCell
	non cross carrier scheduling
	no influence
	no influence
	solutions: PUCCH on SCell, UL HARQ-ACK on PUSCH

	
	
	cross carrier scheduling
	timing relation of SCell
	timing relation of SCell
	solutions: restrict the scheduling by eNB, PUCCH on SCell, UL HARQ-ACK on PUSCH

	Half-duplex 

UE

(UL-DL config. on PCell)
	UL-heavy PCell
	non cross carrier scheduling
	no influence
	need change
	no DL scheduling on the muted subframes

	
	
	cross carrier scheduling
	timing relation of SCell
	timing relation of PCell
	solutions: restrict eNB scheduling, limitation on the combination of TDD UL-DL configurations

	
	DL-heavy PCell
	non cross carrier scheduling
	no UL scheduling on the muted subframes
	no influence
	need change

	
	
	cross carrier scheduling
	timing relation of PCell
	timing relation of SCell
	solutions: restrict eNB scheduling, limitation on the combination of TDD UL-DL configurations


3. Conclusion
This contribution considered the UL/DL scheduling timing and HARQ timing issues with and without cross carrier scheduling for both full-duplex and half-duplex UE cases. The followings are observation and suggestions: 
Observation: The enhancement for cross carrier scheduling should be supported in Rel-11. 

Proposal 1: For full-duplex UE case, several solutions including cross- subframe scheduling,  eNB scheduling restriction and limitation on the combination of different TDD UL-DL configurations are proposed for the DL scheduling and DL HARQ timing problems, and their scheduling efficiency needs to be further evaluated. 
Proposal 2: For half-duplex UE case, if following the UL-DL configuration on PCell,  eNB scheduling restriction and limitation on the combination of different TDD UL-DL configurations are two solutions for the DL scheduling and HARQ timing problem, and their scheduling efficiency need to be further evaluated.  
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