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1
Introduction
One of the candidate enhancements included in the LTE carrier aggregation enhancement WID [1] is “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. In the RAN1#66bis meeting, it was agreed that 
· Inter-band CA of TDD carriers with different TDD configurations is supported in Rel-11.
Some conclusions and working assumptions have been agreed in RAN1#67 [2], and the conclusion part is summarized as below. There is also an email discussion (67-06) to confirm the working assumptions and investigate additional open issues. In this paper we will provide some updates of our views on how to support inter-band TDD CA with different TDD configuration on different bands, based on the outcome of last meeting.
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. 

2
DL HARQ timing
In this section we will discuss the HARQ timing for DL, i.e. in which subframe should HARQ-ACK for PDSCH in subframe n be transmitted. UL HARQ timing will be discussed together with cross-carrier scheduling in Section 3. 
Working assumption from last meeting on HARQ timing is as below:

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.
Before disusing the DL HARQ, we would like to first clarify the assumption for PUCCH transmission. The working assumption from last meeting is that 

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

The concern is mainly about UL CA incapable UEs which can transmit only on one component carrier (typically PCell), and it is very challenging for such UEs to switch UL transmission between PCell and SCell, especially with 1 ms transition period. In order to reach a common solution for both UL CA incapable and capable UEs, we have the following proposal:
Proposal 1: PUCCH is always transmitted on PCell for UEs configured with inter-band CA and different TDD configuration on different bands. 
We will next make some analysis on the 2 options for HARQ timing identified in last meeting.

Option 1, as discussed in [3] and shown in Figure 1 for example, can lead to better performance and reduced RTT for SCell HARQ-ACK as the payload can be distributed as much as possible among all available UL subframes on PCell, when PCell is more UL-heavy than SCell. This benefit fits well with the motivation to improve UL control coverage of this feature.
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Figure 1: Example of Option 1 for DL HARQ timing 

However, there are some problems regarding Option 1. The first one is that UE implementation could be complicated as new mapping rules beyond those already defined in Rel-8/9/10 have to be implemented for some of the combinations of aggregated TDD configurations. The second problem is that standard impacts could be too much if all possible combinations are to be supported, so there will be some limitations on the supported combinations.
Option 2, as discussed in [4] and shown in Figure 2 for example, basically means the mapping rule for HARQ timing of one TDD configuration (referred as reference configuration) can be applied to a component carrier, on which the TDD configuration could be different from the reference configuration. By doing so, no new mapping rule beyond those already defined in Rel-8/9/10 is needed and all combinations can be supported (as shown in [4]), thus minimizing the UE implementation complexity and standard impact. 
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Figure 2: Example of Option 2 for DL HARQ timing 

However, the HARQ-ACK performance and RTT at least for SCell will not be as good as that of Option 1 for some combinations since not all UL subframes on PCell are efficiently used. 
Since Option 2 is the working assumption, our following discussions will be based on that. There are some open issues related with Option 2, 
a. How to determine the reference configuration?

The principle is to use the mapping rule of a DL-heavy TDD configuration so that PDSCH in all subframes on all component carriers have associated UL subframe, and there are 2 alternatives to achieve this

· Alt 1: the most DL-heavy TDD configuration among aggregated cells
· Alt 2: the reference TDD configuration is signalled via higher layer

Our preference is Alt 2 as there is no need for any limitation on how many/which TDD configurations can be aggregated. Furthermore, Alt 2 is a more general solution as Alt 1 can be considered as a special case of Alt 2.
b. Which cell(s) the mapping rule for HARQ timing of reference configuration should be applied to?
· Alt 1: to all configured cells

· Alt 2: only to SCell(s)

The benefit of Alt 1 is that HARQ-ACK is always transmitted in non-conflicting UL subframes (UL on all configured cells), thus simplifying somehow the dynamic UL/DL operation of half-duplex UE. 

On the other hand, considering the case that PCell is TDD configuration 0 and SCell is TDD configuration 5, with Alt 1 the HARQ-ACK performance of RTT for PCell will be degraded a lot compared with single-carrier operation, and it is somehow against the initial motivation of improving UL control coverage by configuring an UL-heavy PCell. Besides, Alt 1 may impose more impacts on implicit PUCCH format 1a/1b resource allocation. Our preference is Alt 2.
Based on the discussion in this section, we have the following proposal:
Proposal 2: RAN1 should make the decision on DL HARQ timing taking into account pros and cons of Option 1 and Option 2. 

· If Option 2 is agreed, the reference configuration for DL HARQ timing should be signalled via higher layer, and mapping rule should be applied to SCell(s) only.
3
Cross-carrier scheduling
The working assumption from last meeting on cross-carrier scheduling is as below:

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.
· 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  

We tend to confirm the working assumption that cross-carrier scheduling is supported for inter-band CA with different TDD configurations on different bands due to the fact that 1) all the benefits of cross-carrier scheduling identified in Rel-10 are still valid, and 2) for half-duplex UE, there will be additional scheduling constraints without cross-carrier scheduling [5]. Besides, it would be desirable that all subframes on all component carriers are schedulable when cross-carrier scheduling is configured.
3.1
UL cross-carrier scheduling
In this section we will discuss the cross-carrier scheduling, i.e. in which subframe should UL grant and/or PHICH that schedules PUSCH in subframe n be transmitted. We will also discuss HARQ timing for UL when cross-carrier scheduling is configured, i.e. in which subframe should PHICH that carries HARQ-ACK for PUSCH in subframe n be transmitted. UL HARQ timing when cross-carrier scheduling is not configured should be as same as in Rel-8/9/10.
UL cross-carrier scheduling and also HARQ, is very similar to DL HARQ, in the sense that control signalling of one component carrier (CC1) is transmitted on another one (CC2), and with different TDD configurations on these 2 carriers there are cases where control signalling following the mapping rule of CC1 is due in a conflicting subframe and there is no resource on CC2 for transmission. 
Therefore, same principle as decided for DL HARQ timing can be re-used to determine the timing for UL cross-carrier scheduling and HARQ. Continuing to use Option 2 as working assumption, it is nature to select an UL-heavy TDD configuration as reference configuration to decide the timing of UL cross-carrier scheduling and HARQ for the cross-carrier scheduled carrier, so that all UL subframes on the cross-carrier scheduled cell have associated DL subframe. The selected reference configuration should be indicated via higher layer signalling, and the mapping rule of the reference configuration is applied only to the cross-carrier scheduled cell. Each cross-carrier scheduled cell can have a different reference configuration, depending on the TDD configuration of the cross-carrier scheduling cell. An example is shown in Figure 3.

An additional issue regarding UL cross-carrier scheduling and HARQ is the PHICH resource compatibility with legacy UEs, as discussed by many companies, the solution could be FFS at current stage.

[image: image3.png]0 1 2 3 4 576

Scheduling cell [JBI] 5. p[oJoJs

config2

Scheduledcell [J5N] 5 [NMIUNEGNNON s

config1





Figure 3: Example of Option 2 for the timing of UL cross-carrier scheduling and HARQ

3.2
DL cross-carrier scheduling

The problem with DL cross-carrier scheduling is that the DL resource in the conflicting subframe on the cross-carrier scheduled cell is not schedulable, and a cross-carrier multi-subframe scheduling is a straightforward solution, as shown in Figure 4.
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Figure 4: Example of cross-carrier multi-subframe DL scheduling

We tend to slightly prefer that cross-carrier multi-subframe DL scheduling is supported for inter-band CA with different TDD configurations on different bands, considering the fact that 1) there could be non-ignorable resource loss for the CA UE in the typical use case, e.g., CA scenario 4 with UL-heavy PCell, and 2) multi-subframe is already supported for UL in Rel-8. 
Some enhancements on top of Rel-8 multi-subframe scheduling could be needed to accommodate more than 2 scheduled subframes with enough flexibility. The PUCCH format 1a/1b resource allocation needs also some consideration.
Based on the discussion in this section, we have the following proposals:
Proposal 3: Cross-carrier scheduling is fully supported for inter-band CA with different TDD configurations on different bands.
Proposal 4: The same principle as decided for DL HARQ timing should be re-used to determine the timing of UL cross-carrier scheduling, and also UL HARQ when cross-carrier scheduling is configured.

· If Option 2 is agreed, the reference configuration for the timing of UL cross-carrier scheduling and HARQ should be signalled via higher layer, and mapping rule should be applied to the cross-carrier scheduled cell only. Each cross-carrier scheduled cell can have a different reference configuration.
Proposal 5: Cross-carrier multi-subframe DL scheduling might be supported for inter-band CA with different TDD configurations on different bands. Enhancement on top of that used for Rel-8 UL could be FFS.
4
Half duplex operation
In this section, we will discuss how half duplex UE should be operated, considering a common solution for both full and half duplex.

There are basically 2 methods for half duplex operation:

· Method 1: UL/DL transmission direction in conflicting subframes always follows that on PCell

The timing solution for Method 1 could be that SCell(s) will always use the mapping rule of PCell TDD configuration, and it can be achieved autonomously if HARQ timing rules Option 1 is adopted, and with Option 2, eNB can always indicate PCell TDD configuration as reference configuration to half duplex UEs. 

Method 1 enables a clean half duplex operation in the sense that the only constraint when eNB makes scheduling decision is that resources on SCell(s) in conflicting subframes should not be allocated to half duplex CA UE. Also cross-carrier multi-subframe DL scheduling is not needed.     

The disadvantage of Method 1 is that half duplex UE cannot benefit from dynamic UL/DL traffic adaptation. 
· Method 2: UL/DL transmission direction in conflicting subframes is determined by eNB scheduling

The timing solution for Method 2 could be as same as full duplex UE with HARQ timing rules Option 2, and it would be very challenging if Option 1 is decided as timing solution for full duplex UE.
The advantage of Method 2 is that half duplex UE can benefit from dynamic UL/DL traffic adaptation (but not from peak data rate at the same time). 
However, as discussed in [5] for example, the eNB implementation could be complicated significantly with Method 2. When eNB makes scheduling decision for DL, it needs to take scheduling decision made for UL several subframes ago; moreover, HARQ-ACK transmitted on PUCCH and PHICH should also be considered, as shown in Figure 5.
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Figure 5: Example of scheduling constraint with Method 2

Our preference is Method 1 considering that half duplex should not be the design target of inter-band CA with different TDD configurations on different bands (half duplex UE cannot enjoy peak data rate and dynamic traffic adaptation at the same time), and eNB implementation should not be complicated for this purpose.

Based on the discussion in this section, we have the following proposals:
Proposal 6: For half duplex UE configured with inter-band CA with different TDD configurations on different bands, the UL/DL transmission direction in conflicting subframes always follows that on PCell.
5
Conclusion
In this paper we provided our general view on supporting inter-band CA with different TDD configurations on different bands, and have the following proposals:
Proposal 1: PUCCH is always transmitted on PCell for UEs configured with inter-band CA and different TDD configuration on different bands. 
Proposal 2: RAN1 should make the decision on DL HARQ timing taking into account pros and cons of Option 1 and Option 2. 

· If Option 2 is agreed, the reference configuration for DL HARQ timing should be signalled via higher layer, and mapping rule should be applied to SCell(s) only.

Proposal 3: Cross-carrier scheduling is fully supported for inter-band CA with different TDD configurations on different bands.

Proposal 4: The same principle as decided for DL HARQ timing should be re-used to determine the timing of UL cross-carrier scheduling, and also UL HARQ when cross-carrier scheduling is configured.

· If Option 2 is agreed, the reference configuration for the timing of UL cross-carrier scheduling and HARQ should be signalled via higher layer, and mapping rule should be applied to the cross-carrier scheduled cell only. Each cross-carrier scheduled cell can have a different reference configuration.
Proposal 5: Cross-carrier multi-subframe DL scheduling might be supported for inter-band CA with different TDD configurations on different bands. Enhancement on top of that used for Rel-8 UL could be FFS.

Proposal 6: For half duplex UE configured with inter-band CA with different TDD configurations on different bands, the UL/DL transmission direction in conflicting subframes always follows that on PCell.
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