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1 Introduction

Recent discussions in RAN WG1 for LTE-Advanced carrier aggregation have been focusing on transmission of the PDCCH, leading to the agreement on use of a carrier indicator to allow aggregated transmission of PDCCH on one downlink component carrier (CC). Although numerous contributions have been submitted to 3GPP related to PUCCH transmission, no discussion has so far taken place on this topic in RAN1. This contribution discusses principles for PUCCH transmission with carrier aggregation.

2 Discussion

2.1 Mapping of uplink control information

For FDD, both symmetric and asymmetric UL/DL component carrier configurations are supported. For some of the configurations, one may consider the possibility to transmit the uplink control information on multiple PUCCH or multiple UL component carriers. However, this option is likely to result in higher UE power consumption and a dependency on specific UE capabilities. It may also create implementation issues due to inter-modulation products [1], and would lead to generally higher complexity for implementation and testing. 

Therefore, the transmission of PUCCH should have no dependency on the UL/DL component carrier configuration, i.e. as a design principle all uplink control information for a UE should be semi-statically mapped onto one specific UL component carrier (“anchor carrier”). In short, the solution for the asymmetric case can be used also for the symmetric case, and hence a single solution suffices.
Proposal 1: All uplink control information for a UE should be transmitted on PUCCH, semi-statically mapped onto one UE specific UL component carrier (“anchor carrier”).
2.2 Multiple ACK/NACK transmission

Although it is generally desirable to define only one mode of ACK/NACK transmission for carrier aggregation, one has to distinguish between the cases where the UE is power limited or not.

In case of no power limitation, ACK/NACK multiplexing should be supported, i.e. all ACK/NACK corresponding to data received on all downlink component carriers should be transmitted on PUCCH. 

Proposal 2: ACK/NACK multiplexing from all downlink component carriers should be supported.

In case of power limitation, e.g. where DL carrier aggregation is used to achieve higher cell edge data rates, it may not be possible to transmit all ACK/NACK corresponding to the received data on all downlink component carriers. In general, the eNB scheduler could reduce the amount of downlink data so that also the amount of ACK/NACK on the uplink is reduced. However, as this will directly impact the downlink user throughput, one should consider the possibility for ACK/NACK bundling. 

Proposal 3: In case of power limitation, ACK/NACK bundling should be considered.
2.3 ACK/NACK resources 

An important factor to consider in the design is the expected typical use case for carrier aggregation.  A key benefit of carrier aggregation is to extend the data rates, and with bursty data-transmission, the number of UEs simultaneously assigned resources on several downlink carriers is expected to be rather small. Multiple downlink component carriers are only needed when there are not enough resources on a single component carrier, and there appears to be no benefits from assigning several smaller transport blocks on multiple downlink component carriers for a large number of UEs.

Proposal 4: The design of the ACK/NACK feedback on PUCCH should be optimized for a low number of simultaneous UEs with assignments on multiple DL CC.

In light of the previous proposals, a UE needs to transmit ACK/NACKs on PUCCH on a single uplink component carrier associated with several downlink carriers. For a straightforward extension of rel-8 approach, the amount of PUCCH Format 1a/1b resources needs to be increased. The set of downlink component carriers is UE specific, and for the case that a at least a single UE aggregates N component carriers in the downlink, the amount of PUCCH resources on that uplink component carrier would increase with a factor N. This would hold for all uplink component carriers that are used by Rel-8 UEs and which are configured as anchor carriers for at least one Rel-10 UE. 

At the same time considering that the typical use case is to allow for a rather small number of UEs simultaneously assigned resources on multiple downlink component carriers, increasing the overhead with a factor of N does not seem necessary. Rather, the amount of resources should be chosen in anticipation on the number of UEs that simultaneously are expected to get assignments on multiple downlink component carriers which is expected to be scenario and implementation dependent.

Proposal 5: On an UL component carrier, in addition to ACK/NACK resources similar to Rel-8, there is a set of configurable size to be used for ACK/NACKs by UEs with assignments on multiple DL CC.

It should be noted that this set is expected to be visible to the terminal in the same way as for Rel-8, namely in the form of an association rule between DL PDCCH CCE and index to ACK/NACK resource, and that hence from a system perspective, the two sets could overlap or be interleaved. In principle, a UE could be configured with semi-static PUCCH resources for ACK/NACK and then use these resources for ACK/NACK in case of multiple DL CC assignments. By configuring all the UEs in the cell to have the same semi-static ACK/NACK resources, such a scheme would allow for assigning at most a single UE multiple DL CC at the same time. When there is no need for ACK/NACKs of multiple carriers, the resource could of course be used for data transmission. A straight forward approach is to configure each UE with a set of resources, which could be shared, and then let the UE based on component carrier, DL PDDCH CCE, C-RNTI and other parameters select one of the resources. There is though a risk for collisions or scheduling constraints, and to reduce this, one could consider having a dynamic indicator to aid the selection of PUCCH resource. The dynamic indication allows managing the ACK/NACK resources more carefully which is of interest when the amount of resources reserved for ACK/NACK is small and orthogonality is desired. The details on the design of ACK/NACK for multiple assigned DL component carriers should be studied further. 

Proposal 6: Semi-static ACK/NACK resources can be reserved for UEs with multiple assigned DL component carriers. Dynamic indication of ACK/NACK resource should be considered.
2.4 Scheduling request

As the UE has one buffer and therefore either has data to transmit or not, only one scheduling request should be transmitted, which would be mapped onto the UL anchor carrier.

Proposal 7: Only one scheduling request should be transmitted, which would be mapped onto the UL anchor carrier.
2.5 CSI

The support for N downlink component carriers would require approximately N times the amount of periodic CSI reports on PUCCH for a given UE as compared to a single component carrier (Rel8), the CSI encoding and mapping should follow the principles of Rel8.

As the cost of transmitting N times the CSI reports compared to a single downlink component carrier may be rather high, ways to reduce the CSI overhead should be considered. For example, it may not be necessary to have the same CSI reporting periodicity on all downlink component carriers, or one could consider subband reporting, with subbands defined as the downlink component carriers. 

Proposal 8: Allow for N times CSI reporting, following the Rel8 principles for CQI/PMI/RI encoding and mapping. Consider ways to reduce the overhead, e.g. subband reporting with subbands defined as component carriers.

3 Conclusion

The following is proposed:

1. All uplink control information for a UE should be transmitted on PUCCH, semi-statically mapped onto one UE specific UL component carrier (“anchor carrier”).

2. ACK/NACK multiplexing from all downlink component carriers should be supported.

3. In case of power limitation, ACK/NACK bundling should be considered.

4. The design of the ACK/NACK feedback on PUCCH should be optimized for a low number of simultaneous UEs with assignments on multiple DL CC.
5. On an UL component carriers, in addition to ACK/NACK resources similar to Rel-8, there is a set of configurable size to be used for ACK/NACKs by UEs with assignments on multiple DL CC.
6. Semi-static ACK/NACK resources can be reserved for UEs with multiple assigned DL component carriers. Dynamic indication of ACK/NACK resource should be considered.
7. Only one scheduling request should be transmitted, which would be mapped onto the UL anchor carrier.
8. Allow for N times CSI reporting, following the Rel8 principles for CQI/PMI/RI encoding and mapping. Consider ways to reduce the overhead, e.g. subband reporting with subbands defined as component carriers.
References

[1] R4-091285
Carrier aggregation: some UE aspects
Ericsson
