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1. Summary
In RAN1 #67, working assumptions were made to transmit PUCCH on the PCell only, and  no new HARQ-ACK timing [1]. The working assumptions from RAN1 #67 were confirmed in RAN 1 #68 [2]. Also in RAN #68, it was agreed that PCell should keep the same timing as in Rel-8/9/10. Moreover, for PDSCH HARQ-ACK reporting, it was agreed that an SCell should 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 [2]. 
In this contribution, we discuss the remaining issues of PDSCH HARQ-ACK reporting, i.e. if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the downlink (DL) subframes indicated by the PCell SIB1 configuration. We compare several potential solutions and propose that:

· The SCell should always follow the PCell timing in non-conflicting subframes 
· In a subframe with PCell UL and SCell DL, an association selected from existing HARQ-ACK table should be applied to any SCell configuration and combinations of SCell configurations.

2. PDSCH HARQ-ACK reporting methods
The remaining case of PDSCH HARQ-ACK reporting is if the set of DL subframes indicated by the SCell SIB1 configuration is a NOT subset of the DL subframes indicated by the PCell SIB1 configuration. In another word, there is at least one conflicting subframe with PCell configured as UL and SCell configured as DL.
RAN1 agreed that no new HARQ-ACK timing will be introduced for inter-band TDD CA. Here “no new HARQ-ACK timing” means no new HARQ-ACK timing table beyond those already defined in Rel-8/9/10. It is FFS on the application of HARQ-ACK timing of one TDD uplink-downlink (UL-DL) configuration to a SCell CC with a different TDD UL-DL configuration. With different interpretation of the agreement, there may be several methods to handle the remaining case of PDSCH HARQ-ACK reporting.
Method 1: All subframes in a SCell follow a reference configuration

The advantage of the method is the possible reuse of existing TDD UL-DL configurations to a SCell with different configuration. The reference configuration can be derived by selecting the subset of overlapping uplink subframes [3]
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[7]. However, there are several problems associated with this method.

First, the PDSCH HARQ-ACK bits are not balanced in different uplink reports on the PCell. The high payload in some UL subframes leads to worse PUCCH and/or PUSCH performance on the PCell. The worse performance of PUCCH also results in smaller cell coverage.

Secondly, the HARQ-ACK of PDSCHs of PCell and SCell in the same DL subframe may be reported in different UL subframes. This causes some confusion, and is not consistent with the cross-carrier scheduling. 
Thirdly, the PDSCH HARQ-ACK bits may be reported in crossover manner due to different TDD configuration timings are used on PCell and SCell(s), i.e. a PDSCH on a SCell may be transmitted earlier than a PDSCH on the PCell, but the corresponding HARQ-ACK of the PDSCH on the SCell may be reported later than the HARQ-ACK of PDSCH on the PCell. This causes unnecessary delay. 
Fourthly, different SCells may need different reference configurations, and the reference configuration may be different from both the PCell configuration and the SCell configuration. Moreover, with multiple SCells, if each SCell follows its own reference configuration, multiple different reference configurations may be used. On the other hand, the reference configuration depends on the PCell and SCell combinations. For the same SCell configuration, different reference configurations may be used for different PCell configurations.
In another approach, one reference configuration may be used for all SCells. The reference configuration can be derived by selecting the subset of overlapping uplink subframes of all cells. However, this may lead to more unbalanced HARQ-ACK payload in different UL reports. Furthermore, the activation and deactivation of a SCell with different TDD configuration may trigger a reference configuration change. The TDD reconfiguration is very costly and may cause service interruption and delay.
Method 2: SCell timing follows PCell whenever possible
In RAN1 #68, it was agreed that the SCell should 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. This principle can be extended so that SCell timing follows PCell whenever possible. 

For all combinations of TDD UL-DL configurations, there are 3 cases for PDSCH reporting:

· Case 1: In a non-conflicting subframe where both PCell and SCell are configured for DL transmission, SCell PDSCH HARQ-ACK timing should follow the PCell SIB1 configuration. Thus, the HARQ-ACK bits of PDSCHs on PCell and SCell in the same DL subframe are always reported in the same UL subframe. This is also consistent with cross-carrier scheduling.
· Case 2: In a conflicting subframe where PCell is configured for DL and SCell is configured for UL, there is no need for PDSCH HARQ-ACK for the SCell subframe.
· Case 3: In a conflicting subframe where PCell is configured for UL and SCell is configured for DL, mapping rules should be defined by reusing existing HARQ-ACK timing table.

To give higher priority to PCell, esp. in half duplex case, the case 3 subframe may be disabled. Thus, no HARQ-ACK is needed on SCell in a case 3 subframe, and SCell timing always follows PCell [8]. If case 3 subframe is enabled in SCell (e.g. in full duplex case), with Method 2, a PCell UL/SCell DL conflicting subframe (i.e. case 3 subframe) on a SCell may follow the timing of other TDD UL-DL configurations [9]
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[12]. There are two approaches to doing this, which we shall call Methods 2a and 2b.
In one approach Method 2a, the conflicting subframes may follow a reference configuration. The reference configuration may be derived as in method 1. However, this approach also faces similar issues as in method 1, e.g. unbalance HARQ-ACK payload in different UL subframes; cross-over PDSCH HARQ-ACK report; PDSCH of the same subframe on different SCells reported to different uplinks on the PCell. 

In another approach Method 2b, the set of potential conflicting subframes with PCell UL allocation and SCell DL allocation can be derived for each periodicity (i.e. 5 ms or 10 ms) of TDD configurations. For each potential conflicting subframe with PCell UL allocation and SCell DL allocation, the association mapping can be selected from entries in existing HARQ-ACK association table. The associations of different potential conflicting subframes may be selected from different TDD configurations. The selection may be optimized considering HARQ-ACK payload balancing, HARQ-ACK delay etc. The selected association mapping may be used on all SCell configurations if applicable. 
With Method 2b, for a PCell configuration periodicity, for any SCell TDD configuration and combination of configurations, in a conflicting subframe with PCell UL allocation and SCell DL allocation, the selected PDSCH HARQ-ACK association can be used if applicable. Since the same association is used for a give subframe and for all SCell configurations, there is no need to signal extra reference configuration, thus no RRC signalling is required. 
Table 1 compares the PDSCH HARQ-ACK methods for the remaining case with conflicting subframes of PCell UL and SCell DL. In the appendix, we provide some examples on PDSCH HARQ-ACK reporting using different methods.
Higher layer signalling

For both method 1 and method 2, the reference configuration (for a SCell in Method 1, or for the conflicting subframes in Method 2a) may be signalled by higher layer, e.g. RRC signalling. For a given PCell and SCell combination, multiple TDD UL-DL configurations may be used as the reference configuration for the SCell provided the set of UL subframes of the reference configuration is a subset of the overlapping UL subframes of PCell and SCell. The eNB may choose the reference configuration by higher layer signalling. In case of multiple SCells, each SCell may follow its own reference configuration. Alternatively, one reference configuration can be used on all SCells. 
However, higher layer signalling may bring unnecessary overhead. If the reference configuration can be derived implicitly without ambiguity, the RRC signalling has no benefit. In method 2 with pre-selected associations, no extra signalling is needed. Furthermore, higher layer signalling may cause delay and service interruption. For example, if a SCell is activated or deactivated, the UE may not know what association timing should be used before a higher layer signalling is received. 
Since the association mapping or reference configuration can be deterministic based on agreed rules, higher layer signalling should be avoided.
Table 1. PDSCH HARQ-ACK methods with conflicting subframes of PCell UL and SCell DL

	
	Method 1: All subframes of a SCell follow a ref. config.
	Method 2: SCell timing follows PCell whenever possible

	
	
	Method 2a
	Method 2b

	Interpretation of “No new HARQ-ACK timing”
	Reuse HARQ-ACK of a ref. config on SCell
	Reuse HARQ-ACK of a ref. config for conflicting subframes on SCell
	Select fixed association mappings from existing HARQ-ACK table

	HARQ-ACK bits
	Very unbalanced 
	More balanced
	More balanced

	Ref. config
	Required, may be different from both PCell and SCell
	Required, may be different from both PCell and SCell
	Not required

	SCell HARQ-ACK in  non-conflicting subframes
	May be different from PCell
	Same as PCell
	Same as PCell

	HARQ-ACK in  PCell UL/SCell DL subframes
	Follow a ref. config
	Follow a ref. config
	Follow a selected mapping from existing timing table

	Different SCell config
	May have diff ref. config
	May have diff ref. config
	Follow the same selected mapping from existing table

	Multiple SCell config
	May need multiple diff ref. config
	May need multiple diff ref. config
	Follow the same selected mapping from existing table

	No. of bands and combinations of SCell config.
	May need multiple diff ref. config
	May need multiple diff ref. config
	Follow the same selected mapping from existing table

	PCell and SCell have different periodicity
	Ref. config. has 10ms periodicity with more unbalance HARQ-ACK payload and extra delay
	Ref. config. has 10ms periodicity with more unbalance HARQ-ACK payload and extra delay
	For each PCell periodicity, follow the same selected mapping from existing table

	Ref. config dependency on PCell config
	Ref. config. for a SCell may be different for different PCell config.
	Ref. config. for a SCell may be different for different PCell config.
	For each PCell periodicity, follow the same selected mapping from existing table 

	PDSCH cross-CC scheduling in the same TTI
	HARQ-ACK bits of PCell and SCell may be reported in different UL subframes
	HARQ-ACK bits of PCell and SCell are reported in the same UL subframe
	HARQ-ACK bits of PCell and SCell are reported in the same UL subframe

	Cross-over reporting of HARQ-ACK bits
	May happen
	May happen
	Not possible

	RRC signalling
	Optional
	Optional
	Not required

	Spec impact
	High
	Medium
	Low


3. Conclusions

Based on the analysis and comparison, for the PDSCH HARQ-ACK reporting of inter-band CA with different TDD configurations, we propose that
· The SCell follows the PCell timing in subframes where both PCell and SCell are configured for DL transmission
· In subframes with PCell UL and SCell DL, selected associations are applied to SCell, detail method FFS. 
· No reference configuration is needed, thus no RRC signaling is required.
· It is desirable that the same HARQ timing associations can be applied to all SCells regardless SCell TDD configuration and combinations. 
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Appendix
Examples of HARQ-ACK reporting of inter-band TDD CA with different methods

Method 1: All subframes in a SCell follow a reference configuration

Figure 1 shows some examples to decide the reference configuration with Method 1.

The PDSCH HARQ-ACK bits are very unbalanced in different uplink reports on the PCell. With configuration 1 on PCell, if SCell has configuration 2, UL subframes 2 and 7 need to report HARQ-ACK bits from both cells, and UL subframes 3 and 7 only report HARQ-ACK bits of the PCell. The payload may be 6 bits in subframes 2 and 7, and 1 bit in subframe 3 and 8. It will be even worse if configuration 5 is used on a SCell. 
The HARQ-ACK of PDSCHs of PCell and SCell in the same DL subframe may be reported in different UL subframes. If PCell has configuration 1 and SCell has configuration 4, the HARQ-ACK feedback of PDSCH transmission in subframes 0 and 1 on PCell are reported in UL subframe 7 of PCell, but the HARQ-ACK feedback of PDSCH transmission in subframes 0 and 1 on SCell are reported in UL subframe 2 of the next radio frame on PCell following the reference configuration setting. 
The PDSCH HARQ-ACK bits may be reported in crossover manner.If PCell has configuration 1 and SCell has configuration 4, the HARQ-ACK feedback of PDSCH transmission in subframes 4 on PCell is reported in UL subframe 8 of PCell, but the the HARQ-ACK feedback of PDSCH transmission in subframes 0 and 1 on SCell are reported in UL subframe 2 of the next radio frame on PCell following the reference configuration setting. 
The reference configuration may be different from both PCell and SCell configurations. Multiple reference configurations may be needed if there are multiple SCell bands with different TDD configurations. If the PCell has configuration 1 and SCell has configuration 3, the reference configuration would be configuration 4, different from both PCell and SCell configurations. If there are 2 SCells with configuration 2 and configuration 3 respectively, the system may have two reference configurations each applied to a different SCell. 
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Figure 1. Examples of PCell and SCell configurations to decide the reference configuration

Method 2: SCell timing is decided on subframe basis and follows PCell whenever possible

Method 2a has similar issues as in Method 1 in the conflicting subframes with PCell UL and SCell UL. Therefore, we prefer to use Method 2b. 

With Method 2b, the set of potential conflicting subframes with PCell UL allocation and SCell DL allocation can be derived for each periodicity (i.e. 5 ms or 10 ms) of TDD configurations. In 5 ms periodicity case, the set of potential conflicting subframes with PCell UL and SCell DL include subframes 3, 4, 7, 8, and 9, derived by configuration 0 on PCell and configuration 5 on SCell. In 10 ms periodicity case, the set of potential conflicting subframes with PCell UL and SCell DL include subframes 3 and 4, derived by configuration 3 on PCell and configuration 5 on SCell.

For each potential conflicting subframe with PCell UL allocation and SCell DL allocation, an example of selected association mappings from entries in existing HARQ-ACK association table. The selected association mapping may be used on any SCell configuration and combinations if applicable. 
Figure 2 shows the same examples as in Figure 1, the selected associations can be applied to any SCell configuration and combinations. Thus, it provides a simple and clean method with minimum specification change.
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Figure 2. Examples of PDSCH HARQ-ACK mapping with selected associations from existing table
- 1/7 -

_1392711086.vsd
D


D


U


S


D


D


D


U


S


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


D


D


D


U


S


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


U


D


D


U


S


U


0


4


2


1


3


5


9


7


6


8


D


D


U


S


U


D


D


U


S


U


0


4


2


1


3


5


9


7


6


8


Config 2


Config 1


D


D


9


8


D


D


U


S


D


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


D


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


�

D


D


9


8


D


D


9


8


D


D


U


S


U


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


U


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


D


9


8


Config 4


Config 5


D


D


9


8


D


U


U


S


U


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


U


U


S


U


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


Config 3
(Ref. config will be Config 4)


SCell


PCell


UL subframes used to derive the reference configuration


Existing PDSCH HARQ-ACK timing



_1391931998.vsd
D


D


U


S


D


D


D


U


S


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


D


D


D


U


S


D


0


4


2


1


3


5


9


7


6


8


Potential conflicting subframes with PCell UL and SCell DL


Config 1


SCell


PCell


D


D


U


S


D


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


D


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


U


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


D


U


S


U


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


U


U


S


U


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


D


U


U


S


U


D


D


D


D


D


0


4


2


1


3


5


9


7


6


8


Config 2


Config 5


Config 3


Config 4


D


D


U


S


U


D


D


U


S


U


0


4


2


1


3


5


9


7


6


8


D


D


U


S


U


D


D


U


S


U


0


4


2


1


3


5


9


7


6


8


PCell PDSCH HARQ-ACK timing 
(used on SCell in all non-conflicting subframes)


SCell timing selected from existing PDSCH HARQ-ACK table 
(can be used on any SCell configuration and combinations



