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Discussion and Decision
1
Scope
This contribution discusses the allocation of PUCCH resources for A/N reporting to a UE configured with multiple carriers. 
2
Introduction

In RAN1#61bis it was decided to utilize the following PUCCH formats for Carrier Aggregation:
· For Rel-10 UEs that support up to 4 A/N bits: 


PUCCH format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 
DFT-S-OFDM
The issue of how the UE is assigned the resources for either or both of these formats was discussed in [1]-[6]. The following schemes have been proposed:
· Implicit allocation (i.e. based on first CCE used for transmission of a DCI assignment)

· Explicit allocation

· Semi-static (RRC only)

· Provided in activation command (MAC CE)

· Provided in DCI assignment

3
Discussion
Resource allocation for UEs that use PUCCH format 1b with channel selection

The PUCCH resource allocation rules of R8 already ensure that for every DCI assignment received in the Pcell, a PUCCH resource of format 1b is available to the UE without possibility of conflict. Thus, assuming that the UE is configured to receive up to M DCI assignments in the Pcell (M>1 in the case of cross-carrier scheduling), it is possible to implicitly assign M resources for channel selection. The codebook can be designed such that no codepoint representing a positive acknowledgment to a codeword is mapped to the PUCCH resource corresponding to the DCI assignment for this codeword. 
Proposal 1: In case of channel selection, M DCI assignments received in the Pcell implicitly provide M PUCCH resources. 

In general, the number of PUCCH resources implicitly assigned may not be sufficient for the required size of the codebook. For instance, with cross-carrier scheduling configured with 2 carriers and 2 codewords per carrier, N = 4 PUCCH resources are required but only 2 would be available through implicit assignment. In this case, the simplest approach would be to provide the remaining required PUCCH resources explicitly.
Proposal 2: In case of channel selection with N PUCCH resources, up to N-M resources are provided explicitly.
Resource allocation for UEs that use DFT-S-OFDM

In the case of a UE utilizing a PUCCH format based on DFT-S-OFDM, implicit assignment based on R8 rules is not feasible since the resource mapping is different from format 1b. Alternatively, one could envision implicit assignment based on new rules but it seems difficult to avoid either unacceptable scheduler restrictions (in case the DFT-S-OFDM based PUCCH would be mapped to the same region as the format 1b PUCCH) or very inefficient resource usage (in case the DFT-S-OFDM based PUCCH would be mapped to a distinct region). Consequently, the best approach for this case is deemed to be explicit allocation.
Proposal 3: In case of DFT-S-OFDM, the PUCCH resource is provided explicitly
Comparison between explicit allocation methods

When looking at the explicit allocation of PUCCH resources (either for channel selection or for DFT-S-OFDM based PUCCH) two basic mechanisms can be envisioned.

A first possible mechanism (semi-static allocation) is to assign resources using RRC signalling only. If this mechanism is adopted, a UE obtains the PUCCH resource(s) explicitly upon initial multi-carrier configuration and any re-assignment of these resources requires an RRC reconfiguration. The explicitly assigned PUCCH resources consist of:
· In case of format 1b with channel selection, up to 3 format 1b PUCCH resources (assuming that at least one resource is always implicitly available), occupying up to 3 x 1/18th of a resource block
· In case of DFT-S-OFDM based format, 1 resource occupying 1/5th of a resource block

One drawback with semi-static allocation is the potentially inefficient usage of PUCCH resources which may result in wastage of capacity in the uplink or downlink. The network could assign a given PUCCH resource to a single UE at a time, but this would require the reservation of a lot of PUCCH resources for carrier aggregation UEs unless the network frequently performs reconfigurations to take out the multi-carrier resources of temporarily inactive UEs. Alternatively the network could assign a given PUCCH resource to multiple UEs, but this would prevent the scheduler from transmitting to these UEs in the same sub-frame, resulting in loss of flexibility and downlink capacity.
A second possible mechanism (dynamic allocation) is to semi-statically assign a (small) set of PUCCH resources to the UE and signal which resource(s) to use among this set in the activation command (MAC) or in the DCI assignment itself. This type of mechanism is already in use in R8 to assign PUCCH resources for SPS assignments. The additional flexibility provided by this approach considerably reduces the inefficiency issues of the semi-static allocation.

To quantify this benefit, simulations have been run based on a simple traffic model where in each time period a configured UE may be active (on multiple carriers) with a probability F=20%. A number R of PUCCH resources are reserved in the system for multi-carrier UEs. We assume that R is dimensioned in such a way that the probability that a PUCCH resource is assigned to more than 1 active UEs during any given time period is no more than 5%. This number of resources is calculated for two different assignment schemes:
a) Semi-static allocation: each UE is configured with a single fixed PUCCH resource;

b) Allocation at activation: each UE is configured with up to 4 PUCCH resources and the network provides one of these 4 resources when a UE becomes active on more than 1 carrier.
The results are shown in Figure 1. It can be seen that (re-)allocating PUCCH resources at activation roughly halves the number of PUCCH resources that must be provisioned for carrier aggregation under these conditions. Obviously, an allocation scheme where the PUCCH resource is indicated in every DCI assignment would offer same (or better) performance than allocation at activation. Thus, we propose:
Proposal 4: Explicit allocation of PUCCH resources for A/N is performed dynamically (MAC or PHY signalling)
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Figure 1. Required number of PUCCH resources for different allocation schemes.
Dynamic allocation can be realized either by signalling resources in the activation command (MAC CE) or in the DCI assignment itself for full flexibility. The latter solution could be realized for instance by reusing bits of the TPC fields in DCI assignments not corresponding to assignments in the Pcell [6]. On the other hand, the results show that a significant improvement can be attained already with the allocation in the MAC activation command, which does not require reusing fields of the DCI signalling. Although a rare error case may occur with this solution (NACK to ACK misinterpretation on the transport block containing the MAC CE, probability of 10-3 per activation command), the issue is not significant since the network can easily recover by detecting that the UE is not transmitting on the new resource.
Proposal 5: PUCCH resources that are provided explicitly are indicated in the MAC activation command
5
Conclusions and Recommendations
This contribution discussed the allocation of PUCCH resources for A/N reporting to UEs configured with multiple carriers. The following proposals are made:
Proposal 1: In case of channel selection, M DCI assignments received in the Pcell implicitly provide M PUCCH resources. 

Proposal 2: In case of channel selection with N PUCCH resources, up to N-M resources are provided explicitly.
Proposal 3: In case of DFT-S-OFDM, the PUCCH resource is provided explicitly

Proposal 4: Explicit allocation of PUCCH resources for A/N is performed dynamically (MAC or PHY signalling)

Proposal 5: PUCCH resources that are provided explicitly are indicated in the MAC activation command
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