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1 Introduction
It was agreed in RAN1 #58bis meeting that all ACK/NACK (A/N) for a UE can be transmitted on PUCCH in absence of PUSCH transmission [1]. It was further agreed that:
· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 

· Consider performance and power control issues (CM, BER...) 

In this contribution, the issue of UL A/N resource allocation is further discussed, in which A/N resource allocation for dynamic scheduling (dynamic A/N resource allocation) is mainly focused since the principle of LTE Rel-8 A/N resource allocation for a semi-persistently scheduled PDSCH transmission can be directly reused in Rel-10.
2 Dynamic A/N resource allocation
In LTE Rel-8, the dynamic A/N resource is implicitly determined by the first CCE of the corresponding PDCCH. In Rel-10, this kind of implicit A/N resource reservation scheme should be maintained at least for backward compatible DL/UL CC pairs, and then the implicit mapping can be straightforwardly applied for all UEs under single carrier mode, i.e. without carrier aggregation.
In the case of carrier aggregation, there are two issues related to dynamic A/N resource allocation. One is the exact method for assigning A/N resource to a UE which is discussed from a UE point of view in section 2.1, and the other is the linkage relation between a DL CC and the corresponding PUCCH UL CC (s), i.e. implicit A/N resources
 on a UL CC are reserved for which DL CC(s) in the system, which is discussed on a system level in section 2.2. Finally, the relation between resource assignment methods and DL/UL CC linkage are discussed and compared in section 2.3.
2.1 UL A/N resource assigning scheme for UEs with carrier aggregation
The method for assigning UL A/N resource to a UE with carrier aggregation has been discussed in [2~4]. To summarize, there are the following three alternatives as below.
Alternative 1: Implicit mapping, where dynamic A/N resources for all PDSCH transmissions are implicitly mapped from the corresponding PDCCH CCEs. 
Alternative 2: Explicit signalling, where dynamic A/N resources for all PDSCH transmissions are explicitly signalled. 
Alternative 3: Hybrid implicit mapping/explicit signalling scheme, where the dynamic A/N resource on a UL CC for a PDSCH transmission with the corresponding PDCCH transmitted on a linked DL CC is implicitly mapped from the CCE of the PDCCH, and the A/N resources for the remaining PDSCH transmissions are explicitly signalled. Here a “linked” DL CC means that A/N resources for the DL CC are implicitly reserved on the UL CC. 
An example for the hybrid scheme is illustrated in Figure 1, where a UE aggregates with DL CC 1~DL CC 3 and UL CC 2. DL CC 2 is the only linked DL CC for UL CC 2. The PDCCH option 1a, i.e. a PDCCH is transmitted on the same DL CC with the corresponding PDSCH, is assumed. For this UE, dynamic A/N resource for PDSCH on DL CC 2 is implicitly mapped from the CCE of PDCCH on DL CC 2, and the A/N resources for PDSCH on DL CC1 and DL CC3 are explicitly signalled.
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Figure 1 Illustration of hybrid scheme for a UE aggregated with DL CC 1 ~DL CC 3 and UL CC 2, PDCCH option 1a is also assumed.
Note that all three alternatives could be applied when assign A/N resources on either one UL CC or multiple UL CCs. If simultaneous A/N transmission on multiple UL CCs is agreed to be supported, each UL CC can be treated independently with these alternatives.
2.2 Linkage relation between DL CC and PUCCH UL CC
How to implicitly reserve the A/N resource on UL CC(s) depends on the relation between DL CC and PUCCH UL CC, i.e. the linkage relation. A linkage between a DL CC and a PUCCH UL CC means that the implicit A/N resources for the DL CC are reserved on the UL CC. This kind of linkage is considered to be setup in a cell-specific way, since the implicit A/N resource reservation should be done in a cell-specific way. 

If an aggregated DL CC and UL CC have been defined in Rel.8, the DL CC is called a “paired” DL CC for that UL CC. If not, the DL CC is called an “unpaired” DL CC.

Depending on how the linkage is setup, three options can be considered here.
Option 1: full linkage, where implicit A/N resources for all DL CCs are reserved on each UL CC, as illustrated in Figure 2. The linkage is directly determined by the CC configuration in the system. This option is straightforward and well compatible with the Rel.8 implicit A/N resource reservation method.
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Figure 2 Option 1: full linkage.
For each UL CC, there is a paired DL CC among all the linked DL CCs. Implicit A/N resources for the paired DL CC should be reserved in a same way as in Rel.8 for the support of backward compatibility.

Considering that the number of UEs being simultaneously scheduled on multiple DL CCs is not assumed to be large, there would be a number of A/N resources wasted for the linked but unpaired DL CCs if the corresponding implicit A/N resources are separately reserved in a same way as in Rel.8. Regarding the resource reservation waste, some implicit A/N resources compression methods [5~8] as discussed in Rel.8 can be considered to reduce the waste.
In this option, the overhead for implicit A/N resources will be significantly increased if the number of DL CCs in the system is large, e.g. 4~5, especially in the case of TDD carrier aggregation considering the multiple associated DL sub-frames of each linked DL CC. To reduce the overhead, a UL CC can be configured to reserve implicit A/N resources only for a restricted set of DL CCs rather than all the DL CCs which is the following option.

Option 2: restricted linkage, where implicit A/N resources on a single UL CC are only reserved for a restricted set of DL CCs, as illustrated in Figure 3.
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Figure 3 Option 2: restricted linkage.
For this option, in addition to overhead reduction, it is also helpful for simplifying system design if the scenario of TDD inter-band non-contiguous carrier aggregation with different DL/UL sub-frame configurations is supported. In this scenario, a full linkage will cause to a very complicated HARQ timing since HARQ timing for different DL/UL sub-frame configuration is also different.

Regarding which DL CC(s) is linked with a UL CC, it could be configurable by eNodeB, and the linked DL CCs for each UL CC can be explicitly signalled through higher layer signalling.
Option 3: linkage determined by the duplex distance, where the implicit A/N resources for a DL CC are only reserved on a single UL CC according to a predefined duplex distance rule, as illustrated in Figure 4. The predefined duplex distance rule could be, e.g. a DL CC will be linked to a UL CC who has a duplex distance closest to the Rel.8 duplex distance. 
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Figure 4 Option 3: linkage determined by the duplex distance.
When the number of DL CCs is larger than UL CCs in the system, a UL CC will be linked with multiple DL CCs. In this case, implicit A/N resources compression methods could also be considered for the linked but unpaired DL CCs.

From the above discussion, it can be observed that both Option 1 and Option 3 could be regarded as the special case of Option 2. Although these examples are illustrated with a symmetric CC configuration assumption in the system, all options can be directly applied for an asymmetric CC configuration as well.
2.3 Resource assignment under a given UL/DL CC linkage
When assigning implicit A/N resource to a UE, it will be related to the system level UL/DL CC linkage since no resource would be assigned if no such linkage exists between a DL CC and a UL CC. For Option 1 and Option 2, it is possible for a DL CC to be linked with multiple UL CCs. 
For Alternative 1, it could be flexibly applied under the DL CC to PUCCH UL CC linkage Option 1 and Option 2. However for Option 2, there are some restrictions on the configuration of UE aggregated DL and UL CCs since implicit A/N resources can not be assigned for a PDSCH transmission with a corresponding PDCCH on an un-linked DL CC. Option 3 is not preferred for alternative 1 due to more restrictions on UE specific aggregation, in addition, it can not support the transmission of A/N on one UL CC. 
As discussed in section 2.1, for Alternative 1, implicit A/N resource compression method, i.e. reserve M A/N resources for a total of N CCEs where M<N, can be considered for a linked but unpaired DL CC to reduce the implicit A/N resource overhead. In this case, some restrictions can be expected at eNodeB to avoid possible A/N resource collisions since multiple CCEs will be mapped to the same A/N resource. However, this is not a serious problem since the number of UEs being simultaneously scheduled on multiple DL CCs is not large, and the configurable size of implicit A/N resource region can be scalable to the number of UEs.

In Alternative 2 and Alternative 3, the explicit signalling could be done in a way that dynamic A/N resource is semi-statically configured by higher layers to each PDSCH transmission. Besides the higher layer signalling, an extra field in PDCCH for dynamic A/N resource indication can also be considered for better resource management [2]. However, an extra field in PDCCH will degrade the PDCCH reliability and increase the DCI design complexity.
For Alternative 2, it could be applied under all the DL CC to PUCCH UL CC linkage options. However, the implicit mapping between PDCCH CCE index and UL A/N resource index should be maintained for linked DL CCs in the system for the operation of UEs without carrier aggregation. For a UE configured with carrier aggregation, this means that A/N resource will be automatically reserved for a PDSCH transmission whose corresponding PDCCH is transmitted on a linked DL CC. If further assign additional A/N resources for this kind of PDSCH transmission through explicit signalling, that would cause resources waste. The more DL CCs linked, the more waste could be expected. Hence Alternative 2 is more suitable for Option 3 with the simplest linkage.
For Alternative 3, it could be applied under Option 2 and Option 3. When compared with Alternative 2, it avoids the A/N resource waste caused by unnecessarily assigning additional resource to a PDSCH transmission with a corresponding PDCCH on a linked DL CC. For example, in Figure 1, two A/N channels will be assigned for PDSCH transmitted on DL CC 2 in the case of Alternative 2 by explicit signalling and implicit mapping respectively, which increases resource waste. However, only one A/N channel is assigned for PDSCH transmitted on DL CC 2 under Alternative 3 in the form of implicit mapping. From the resource save point of view, Alternative 3 is preferred over Alternative 2.
The drawback of Alternative 3 is non-uniform A/N resource allocation solution for PDSCH transmitted on different DL CCs. As a PDSCH and the corresponding PDCCH can be transmitted on either a same or a different DL CC, it needs to determine whether the implicit mapping or the explicit signalling is used for dynamic A/N resource allocation. Different ways may also be required to provide multiple A/N resources to a UE’s PDSCHs in case of PUCCH TxD or 2 CWs transmission. For a 2 CWs PDSCH transmission, 2 A/N resources will be required to feed back one A/N per CW with e.g. a channel selection based A/N transmission scheme. Multiple A/N resources can be mapped from multiple CCEs of the PDCCH in case of implicit mapping, while can be signalled from higher layers in case of explicit signalling. All these will lead to a complicated design on UL A/N resource allocation.
In RAN2, a discussion on CC activation/deactivation is ongoing. A possible way is to use PDCCH for dynamically activating/deactivating CCs in UE DL CC set. This may have some impacts on explicit signalling solution in Alternative 2 and Alternative 3. In case of CC activation/deactivation through PDCCH, the explicit A/N resource should be semi-statically configured based on UE DL CC set. Considering the possible CC activation/deactivation, the number of UEs configured with multiple DL CCs may not be small even there is the assumption of a small number of UEs being simultaneously scheduled on multiple DL CCs, then the explicitly signalled A/N resource will be wasted for the deactivated CCs configured to a UE. For Alternative 1, A/N resource is only determined by the scheduled PDCCH CCE and is independent to CC activation/deactivation.
For Alternative 1, a similar A/N resource overhead as other alternatives can be achieved with a proper overhead compression method. It has a uniform solution for dynamically scheduled PDSCHs on all DL CCs of all UEs, which is beneficial for a simpler design. It has no impact on PDCCH design, i.e. no extra field is needed. Besides, the configurable size of implicit A/N resource region has a benefit of making alternative 1 being scalable to the number of UEs, while explicit signalling is more suitable for only a small number of UEs in other alternatives.
The discussion is summarized as in Table 1.

Table 1 Resource assignment under a given linkage
	
	Comparisons
	Scenario

	Alternative 1: implicit mapping
	· A similar A/N resource overhead as in other alternatives

· A uniform A/N resource allocation solution for dynamically scheduled PDSCHs on all DL CCs of all UEs

· Independent to CC activation/deactivation

· Overhead can be configurable and scalable to the number of UEs

· Some restriction on UE carrier aggregation in case of a restricted linkage
	Option 1: full linkage

Option 2: restricted linkage

	Alternative 2: explicit mapping
	· Unnecessary A/N resource waste when compared with Alternative 3
· Possible extra field in PDCCH for dynamic indication

· May be affected by CC activation/deactivation

· Suitable for only a small number of UEs with carrier aggregation
	Option 3: linkage determined by the duplex distance

	Alternative 3: hybrid scheme
	· Not a uniform A/N resource allocation solution for dynamically scheduled PDSCHs on different DL CCs
· Different ways to provide multiple A/N resources to a UE’s PDSCHs in case of PUCCH TxD or 2 CWs transmission

· Possible extra field in PDCCH for dynamic indication

· May be affected by CC activation/deactivation

· Suitable for only a small number of UEs with carrier aggregation
	Option 2: restricted linkage

Option 3: linkage determined by the duplex distance


Based on these discussions, Alternative 1 under the DL CC to PUCCH UL CC linkage Option 1 and Option 2 is preferred.
3 Conclusion
In this contribution, the following two issues related to UL dynamic A/N resource allocation for carrier aggregation are discussed. 
· The linkage relation between DL CC and PUCCH UL CC, 
· Full linkage

· Restricted linkage

· Linkage determined by the duplex distance

· The A/N resource assigning scheme

· Implicit mapping

· Explicit signalling
· Hybrid implicit mapping and explicit signalling scheme
According to the discussion and comparison from the aspects of the resource reservation overhead, the impact from CC activation/deactivation, PDCCH design and complexity, the implicit mapping scheme under a full linkage or a restricted linkage is preferred.
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� In this document, the dynamic A/N resources reserved by implicit PDCCH CCE mapping are called “implicit A/N resources”





