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1. Introduction

ACK/NACK transmission schemes for supporting carrier aggregation have been discussed in several contributions [1-11]. Through the discussions, following alternatives for ACK/NACK transmission schemes have been proposed.

· Multi-sequence transmission

· Channel selection

· CC Bundling
PUCCH resource indication schemes for above transmission schemes should support UE specific asymmetric carrier. In other words, multiple UL ACK/NACK information for several DL CCs should be able to be sent from a single UL CC, which generally results in the increase of the PUCCH overhead. Such increase of the PUCCH overhead becomes severer as more DL CCs are linked to a single UL CC.
The purpose of this contribution is to discuss the exact PUCCH resource indication scheme considering possible enhancements for reducing PUCCH overhead. It should be noted that, in the following discussion, we assume at least one system specific DL/UL CC pair (i.e., release-8 backward compatible CC pair) is always configured.
This is an updated contribution of R1-100363. In addition to R1-100363, we further discuss how to support SORTD and Carrier Aggregation simultaneously in section 4.
2. Discussion

2.1. Reuse of release-8 resource indication scheme
If the system supports release-8 UEs in the same band, there is already release-8 type of PUCCH resources in uplink component carrier(s). In order not to have significant impacts on release-8 schedulers, these resources should be reused as much as possible. So, throughout this contribution, we consider that LTE-A UEs in carrier aggregation mode should use at least one PUCCH resource identified by release-8 implicit mapping between CCEs and PUCCH resources.

In the following discussions, we discuss the resource indication schemes based on the component carrier configurations from the UE perspective rather than from system perspective, since UEs should not know whether all the UL component carriers support release-8 UEs (although it might be possible for LTE-A UEs to identify this from system information).
2.2. The necessity of additional resource indication scheme for PUCCH
In this subsection, we discuss the necessity of the additional resource indication scheme for supporting symmetric/asymmetric carrier aggregation.
2.2.1 Symmetric carrier aggregation (e.g., 2DL/2UL from UE perspective)

LTE-A UEs have at least one release-8 type of DL/UL component carrier pair (i.e., component carrier pair used for initial access) in their configuration, so it would be natural to utilize the same resource indication scheme at least in this pair of component carriers. (i.e., exactly the same ACK/NACK resource allocation scheme for release-8 type of DL/UL component carrier)

Case 1: All the UL component carriers have release-8 type of PUCCH resources

If all the UL component carriers have release-8 type of PUCCH resources and if LTE-A UEs are informed about the PUCCH resource region and linking of the PUCCH resources to the PDCCH CCE indices, LTE-A UEs can identify the PUCCH resources based on the CCEs used for PDCCH in each carrier similar to Rel’8 LTE UEs, as shown in the figure 1 (case 1). Moreover, even if carrier indicator is used in PDCCH, LTE-A UEs can also identify each PUCCH resource linked to each PDCCH within the same UL component carrier.
Hence, in this case, all the alternatives for ACK/NACK transmission schemes (i.e., multi-sequence transmission, channel selection and CC bundling) can be utilized without additional PUCCH resource indication since the equal number of PUCCH resources as PDCCHs are identified by the UEs.

However, it should be carefully studied whether there are no problems even if PUCCH resources for DL CCs are distributed in multiple UL CCs.
Case 2: Some of the UL component carriers do not have release-8 type of PUCCH resources

If some of the UL component carrier do not have release-8 type of PUCCH resources as shown in figure 1 (case 2), LTE-A UEs can not identify all the PUCCH resources linked to PDCCH CCE indices by release-8 implicit resource indication. Hence, additional resource indication scheme other than release-8 schemes is necessary for the PUCCH resource indices in order to support channel selection and/or multi-sequence transmission which may require the equal number of the ACK/NACK resources as the number of DL data.
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Figure 1 Symmetric carrier aggregation cases
It should also be noted that, depending on future RAN2 discussions, LTE-A UEs might be explicitly configured by RRC on how to identify the PUCCH resources in non-primary UL component carrier(s). Such RAN2 discussion would affect the conclusion whether LTE-A UEs explicitly knows the existence of release-8 types of PUCCH resources in UL component carriers configured to the UEs.
2.2.2 Asymmetric carrier aggregation (e.g., 2DL/1UL from UE perspective)

Even in this case, as well as symmetric carrier aggregation, LTE-A UEs have at least one release-8 type of DL/UL component carrier pair in their configuration as shown in figure 2. So it would be natural to utilize the same resource indication scheme as release-8 at least in this pair of component carriers.

However, since the linkage between non-primary DL component carrier and UL component carrier is not defined for at least early release-8 UEs, additional resource indication scheme than release-8 schemes is necessary in order to support channel selection and/or multi-sequence transmission for ACK/NACK transmission.
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Figure 2 Asymmetric carrier aggregation case
2.3. Discussion on how to indicate additional resources 
In this subsection, we further discuss alternatives of indication schemes for additional PUCCH resources in order to efficiently support channel selection and/or multi-sequence transmission for all the carrier aggregation cases.
2.3.1 Implicit indication like release-8
This alternative reuses the release-8 implicit indication scheme for the non-primary DL/UL pair (i.e., the pair of DL CC2 and UL CC2 in case 1 of figure1, and the pair of DL CC2 and UL CC1 in figure 2).
Since there might not be pre-LTE-A UEs in such UL component carrier(s), the PUCCH region in such UL component carrier is only utilized by the LTE-A UEs in carrier aggregation mode. Hence, reserving all the PUCCH resources using the same rules as release-8 may waste the UL resources especially in case of asymmetric carrier aggregation case as shown in figure 3, given that the number of UEs in carrier aggregation modes may not be large.
Hence, further improvements for reducing the PUCCH resources should be considered. Several alternatives for reducing PUCCH overhead are discussed in section 3.
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Figure 3 PUCCH overhead in case of asymmetric carrier aggregation
2.3.2 Explicit indication
This alternative means that eNB explicitly indicates additional PUCCH resource(s) to LTE-A UEs. In this case, such resources are sometimes wasted depending on the scheduler algorithms; however, such resources could be shared by several LTE-A UEs similar to the ACK/NACK repetition case in release-8. So, it would not be a big issue. In other words, if the scheduler is smart enough, the explicit indication scheme has the potential to reduce the PUCCH overhead compared to implicit indication scheme.
Moreover, if one of the resources is explicitly indicated by RRC, DTX of the related DL component carrier can be mapped to such PUCCH resources, which could ease the design of channel selection. For instance, in case that 3 DL CCs and 1 UL CC are configured to the UE, the states of DTX/DTX/NACK, DTX/NACK/DTX and NACK/DTX/DTX shall be mapped to different PUCCH resources in implicit resource indication scheme, although it could be mapped to the same explicitly indicated PUCCH resource as shown in figure 4. This might be another merit of the explicit indication scheme.
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Figure 4 Possible channel selection designs for explicit signalling method
2.3.3 Relation with the scheduler strategies
Further discussion is needed whether implicit or explicit indication for additional PUCCH resource is suitable for LTE-A UEs in carrier aggregation mode. We currently see some relationships between PUCCH resource indication discussion and RAN2’s CC activation discussion.

If the CC activation is applied on the top of CC configuration by RRC signalling, a certain DL CC (i.e., primary DL CC) may be more frequently used for carrying DL data than other CCs. This means the probability of the usage of the PUCCH resource linked to the primary DL CC may be higher than other PUCCH resources linked to non-primary DL CC. In other words, there is a possibility that the scheduler can easily reuse the same PUCCH resource for several LTE-A UEs which have the same CC activation cycle with different offset as shown in figure 5.

On the other hand, if the assumption is that the probabilities of utilizing the primary DL CC and non-primary DL CC for carrying DL data are equal (regardless of the CC activation discussion), implicit indication scheme with some overhead reduction should be considered in order not to put significant complexities on the scheduler side for reducing PUCCH overhead. Further considerations on how to reduce PUCCH overhead in case of implicit indication can be found in section 3.
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Figure 5 PUCCH resource sharing b/w UE1 and UE2 which have different CC activation periods
3. Possible improvements for implicit indication
In this section, some alternatives for reducing PUCCH overhead in case of implicit indication are discussed. It should be noted that there are no exclusive relationship among these alternatives.
3.1. Alternative 1: Independent deltaPUCCH-Shift signalling for PUCCH

Alternative 1 is based on smaller deltaPUCCH-Shift for PUCCH region linked to non-primary DL CC. Although the specification does not mandate any value of deltaPUCCH-Shift, the value of deltaPUCCH-Shift would be determined so that the inter-code interference effects b/w PUCCH resources are not significant. In other words, the value of deltaPUCCH-Shift should be determined so that the average number of UL ACK/NACK information within the RB is appropriate.

On the other hand, if we consider the usage of the PUCCH resources linked to non-primary DL CC (i.e., PUCCH resources which are not used by release-8 UEs), such resources are actually utilized only when LTE-A UEs in asymmetric carrier aggregation mode are assigned to non-primary DL CCs for carrying the DL data. Hence, the probability of the usage of such PUCCH resources would not be large compared to the PUCCH resources shared by release-8 UEs.

Considering above aspects, independent indication scheme of deltaPUCCH-Shift for PUCCH region linked to primary DL CC and non-primary DL CC should be considered. The concept of this alternative is shown in figure 6.
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Figure 6 Alternative 1 (Based on implicit indication)
3.2. Alternative 2: Multiple-CCE to one PUCCH resource linkage

Similar to alternative 1, alternative 2 also relies on the smaller probability of the usage for the PUCCH resources linked to non-primary DL CCs. As discussed under release-8 TDD mode, linking multiple CCEs to one PUCCH resource can reduce PUCCH overhead. 

The concept of alternative 2 can be found in figure 7.
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Figure 7 Alternative 2 (Based on implicit indication)
3.3. Alternative 3: Overlapped/Interlaced PUCCH regions for primary/non-primary DL CCs
In this alternative, PUCCH regions for release-8 (PUCCH region 1) and those for LTE-Advanced (PUCCH region 2) is overlapped or interlaced in the same RB as shown in figure 8.
By applying the “overlapped PUCCH region”, the PUCCH overhead can be reduced to the same amount of release-8 PUCCH overhead, regardless of carrier aggregation support. However, there would be scheduler restrictions so that the same PUCCH resource is not assigned to the different UEs simultaneously.
In order to moderate such scheduler restrictions, the “interlaced PUCCH region” should also be carefully studied, since, at a certain deployment scenario, “deltaPUCCH-Shift” would be set to larger than 1. In other words, there would be some code resources which are not used as release-8 PUCCH resources. The concept of “Interlaced PUCCH region” is proposed in order to reuse such unused code resources efficiently for LTE-Advanced purposes.
As shown in figure 8, by utilizing the “delta” in addition to existing “deltaPUCCH-Shift”, it would be possible to reduce the PUCCH overhead with keeping reasonable eNB scheduler’s flexibility and inter-code interference effects in PUCCH. Similar concept of “delta” was discussed in [12] for inter-cell interference coordination; however, such a concept can be extended to minimize the PUCCH overhead increased by the support of UE specific asymmetric carrier aggregation. As shown in the figure, the amount of RBs which is reserved for PUCCH region can also be reduced by this concept. If the probability of the usage of PUCCH region 2 is smaller enough, there would not be any performance degradations, either.
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Figure 8 Alternative 3: Overlapped/Interlaced PUCCH region (Based on implicit indication)
4. Resource indication scheme for SORTD

In this section, we further discuss how to support SORTD and carrier aggregation simultaneously. As stated in [13], we believe that the discussion on resource indication scheme for carrier aggregation should be prioritized, since carrier aggregation is more important than SORTD.

In the MIMO adhoc session of RAN1#59bis, several companies propose the following baselines as the resource indication scheme for SORTD.

· If number of CCEs used for PDCCH is greater than 1, SORTD is used for the ACK/NACK signal
· Otherwise, PVS or TSTD is used
However, this means that the TxD modes for the ACK/NACK signal are different depending on the number of aggregated CCEs for DL assignment. Moreover, given that the number of aggregated CCEs to a UE in a carrier aggregation mode might be different depending on the component carrier, this proposal implies that TxD mode might vary depending on the resources actually used for ACK/NACK transmission. For instance, if we consider CC bundling or channel selection for ACK/NACK transmission in case of carrier aggregation, the TxD scheme, hence performance, of ACK/NACK signal varies depending on the state for DL reception as shown in figure 9, which is not preferable from the system design perspective. In addition, eNB receiver might be required to prepare for potential two transmission schemes (i.e., SORTD and PVS).

Such problems could be solved if we have the restriction on the CCE usage for each component carrier; however, such restriction should be discussed based on the carrier aggregation performance perspective, considering shadowing properties, scheduler flexibilities, DL TxD modes commonalities for each CC, etc.
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Figure 9 An example for the case when the TxD modes vary depending on the DL reception status
At this moment, we prefer “explicit indication” of the PUCCH resource used for the second antenna, in order to avoid above issues by guaranteeing that the UEs configured to SORTD modes can always utilize SORTD transmission. Moreover, this explicit indication scheme could disconnect the discussion on resource indication scheme for carrier aggregation from the discussion on SORTD.
To be more specific, we propose following concepts for the SORTD resources as shown in figure 10.
· The first resource for the first antenna port should be derived by the rules decided for the carrier aggregation purpose

· The second resource for the second antenna port should be explicitly indicated by eNB when the UEs are configured to SORTD transmission mode

Some of the resources explicitly indicated to the UEs might be wasted depending on eNB scheduler strategies; however, unlike the carrier aggregation, SORTD would be configured to only a small number of UE. This is because only a few UEs are required to be configured for SORTD transmission mode, given that the cell deployment is decided by the release-8 cell coverage. On the other hand, much number of UEs may be configured (but not so frequently activated) to carrier aggregation. Hence, the wastage of PUCCH resource would not be an issue for SORTD case compared to carrier aggregation cases.
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Figure 9 Proposed resource indication scheme for SORTD
5. Conclusion

In this contribution, we discussed PUCCH resource indication schemes considering UE specific asymmetric carrier aggregation and SORTD. Furthermore, we presented several alternatives for reducing PUCCH overhead for implicit indication schemes.
Based on discussions above, we propose followings.

· Both implicit indication and explicit indication schemes for PUCCH resources should be carefully studied considering CC activation discussions in RAN2

· For implicit indication scheme, the reduction of PUCCH overhead should be studied under the assumption that the number of LTE-A UEs which activate multiple DL CCs is not so large
· For SORTD, the first resource for the first antenna port should be derived by the rules decided for the carrier aggregation purpose, whereas the second resource for the second antenna port should be explicitly indicated by eNB when the UEs are configured to SORTD transmission mode
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