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1 Introduction
In RAN1#66, RAN1#66bis and RAN1#67 meeting, following agreement has been made,

In RAN1#66
· No new TDD UL/DL configurations will be considered in this WI.

· 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. 

· Note that depending on how the Rel-10 signalling is modified, it should be ensured that CCs in the same band have the same configuration. 
In RAN1#66bis
· Support the inter-band CA of TDD Carriers with different configurations in Rel-11.

Observed benefits of supporting inter-band CA of TDD CCs with different configurations

· 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
In RAN1#67

Working assumptions to be confirmed in RAN1#68
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. 
The HARQ timing rules is as follows,
· Option 1: Additional HARQ-ACK timing is added, in addition to existing HARQ-ACK timing in Rel-8/9/10.
· Option 2: 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. The application of H-ARQ-ACK timing of one TDD UL-DL configuration for a CC to another CC with a different TDD UL-DL configuration is FFS.
· Working assumption is option 2. FFS if there are cases where additional timing is needed or is beneficial.

· For PUCCH transmission, working assumption is PUCCH on PCell-only.

Conclusion:

· The number of supported bands
· keep the number of supported bands agnostic to RAN1 

· Strive for common solution for different numbers of UL-DL configurations

· Focus on 2 configuration case

· PHICH is transmitted on the cell carrying the UL grant.
· 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 non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· Same scheduling timing rule in Rel8/9/10 should be used.

· 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
Email discussions took place until RAN1#68 on the details of supporting different TDD UL-DL configurations on different bands.

2 Discussion
For half duplex, with the working assumption per section 1 together with the following design rule:
· PUCCH transmission is on PCell only,
· The transmission direction in the overlapped subframe is determined by the TDD UL-DL configuration on the PCell,

· Downlink cross carrier scheduling is applied for scheduling PDSCH on SCell(s),
· PCell PUCCH carries SCell HARQ-ACK using SCell timing,

· Uplink cross carrier scheduling is applied for scheduling PUSCH on SCell(s) with SCell timing to be complied,
· PHICH transmission for PUSCH scheduled from SCell is on PCell complying with SCell timing

We see the following UL/DL configuration on each CC with cross carrier scheduling is possible for half duplex
Table 1: Inter-band CA for supporting different TDD UL-DL configuration for half duplex
	 
	PCell Configuration

	SCell Configuration
	0
	1
	2
	3
	4
	5
	6

	0
	o
	o
	o
	o
	o
	o
	o

	1
	x
	o
	o
	x
	o
	o
	x

	2
	x
	x
	o
	x
	x
	o
	x

	3
	x
	x
	x
	o
	o
	o
	x

	4
	x
	x
	x
	x
	o
	o
	x

	5
	x
	x
	x
	x
	x
	o
	x

	6
	x
	o
	o
	o
	o
	o
	o

	Note:
	 

	
	o
	OK
	x
	Not good


For full duplex, with the working assumption per section 1 together with the following design rules:

· PUCCH transmission is on PCell only,
· Simultaneous PCell DL subframe and SCell UL subframe or  PCell UL subframe and SCell DL subframe is support,
· Simultaneous PCell PDCCH(s) transmission and PCell UL subframe reception is not support,
· Cross-subframe scheduling for PDSCH transmission on SCell is supported. 
For DL subframe in SCell that is overlapped with UL subframe in PCell, the PDCCH carries scheduling for PDSCH in SCell is bundled or sent on the DL subframe in PCell which is immediately prior to the DL subframe in SCell that carries the scheduled PDSCH, see illustration in figure 1, 2, and 3
· Cross-subframe scheduling for PUSCH transmission on SCell is supported. 
For UL subframe in SCell that is overlapped with DL subframe in PCell, and the corresponding DL subframe on PCell that is supposed to carry the PUSCH scheduling information being transmitted in that PCell DL subframe using SCell timing is not available. The scheduling information of that PUSCH subframe shall be bundled or sent on the same DL subframe in PCell which can provide valid scheduling information to the SCell subframe that is immediately prior to the SCell subframe intended for PUSCH transmission. SCell timing is followed. See illustration in figure 2 and 3
·  The PDCCH carries scheduling for PUSCH in SCell is bundled or sent on the DL subframe in PCell which is immediately prior to the UL subframe in SCell that carries the scheduled PDSCH, see illustration in figure 1, 2, and 3
· Downlink cross carrier scheduling is applied for scheduling PDSCH on SCell(s),

· PCell PUCCH carries SCell HARQ-ACK using SCell timing,

· Uplink cross carrier scheduling is applied for scheduling PUSCH on SCell(s) with SCell timing to be complied,

· PHICH transmission for PUSCH scheduled from SCell is on PCell complying with SCell timing
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Figure 1: example for cross-subframe scheduling for PDSCH on SCell
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Figure 2: example for cross-subframe scheduling for PDSCH and PUSCH on SCell (1)
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Figure 3: example for cross-subframe scheduling for PDSCH and PUSCH on SCell (2)
We see the following UL/DL configuration on each CC with cross carrier scheduling is possible for full duplex

Table 2: Inter-band CA for supporting different TDD UL-DL configuration for full duplex
	 
	Pcell Configuration

	SCell configuration
	0
	1
	2
	3
	4
	5
	6

	0
	o
	o
	o
	o
	o
	o
	o

	1
	oo
	o
	o
	ooo
	o
	o
	oo

	2
	oo
	oo
	o
	ooo
	ooo
	o
	oo

	3
	oo
	oo
	oo
	o
	o
	o
	oo

	4
	oo
	oo
	oo
	oo
	o
	o
	oo

	5
	oo
	oo
	oo
	oo
	oo
	o
	oo

	6
	oo
	o
	o
	o
	o
	o
	o

	Note:
	 

	
	o
	OK
	oo
	Require cross-subframe scheduling for PDSCH transmission

	
	 
	 
	ooo
	Require cross-subframe scheduling for PDSCH and PUSCH transmission


3 Conclusion

From the design rules and analysis provided in section 2, it is observed that
1. PUCCH transmission on PCell only is possible,

2. No new HARQ-ACK timing is required

3. PCell timing is used for PCell related transmission and reception,

4. SCell timing is used for SCell related transmission and reception,

5. Cross-subframe scheduling should be used

The design rules is common for both half duplex and full duplex
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