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Discussion and Decision
1
Introduction

This contribution deals with details related to PUCCH resource allocation in the case of dynamically scheduled PDSCH and carrier aggregation. It was agreed in RAN1 #61bis (for both FDD and TDD):
· 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

Prior this decision, it agreed in RAN1 #58bis that: “Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC”.  However, the detailed resource allocation principles applicable to UL PCC carrying the PUCCH are still open. 
2.
Discussion
Considering the agreement that A/N feedback should not be optimized for a large number of UEs being simultaneously scheduled on multiple DL CCs, we think that explicit and higher-layer configured resource allocation should be the baseline method for multi-A/N resource allocation. It will be the most cost-efficient scheme in the case with small number of UEs configured on multiple DL CCs. We also think that explicit RA is the most efficient and the only solution needed in the case of DFT-S-OFDMA. 

Increased PUCCH overhead is a potential problem with explicit RA due to the fact that multi-A/N resources are reserved semi-statically to those UEs configured for carrier aggregation. It is noted that resource reservation issue is relaxed significantly if multi-A/N resource is used only in the case A/N signalling relates to one or more SCCs (PCC only scheduling utilizes Rel-8 A/N resource on the PUCCH). This will allow sharing the same multi-A/N resource among multiple UEs on PUCCH. Furthermore it will always allow robust Rel-8 type of operation during the cases with ambiguity related to CA configuration.
Proposal:  Multi-A/N resource on PUCCH is used only in the case A/N signalling relates to one or more SCCs
Proposal:  Explicit resource allocation for Multi-A/N on PUCCH is applied with block-spread DFT-S-OFDMA

Resource allocation for channel selection:
There are two different A/N signalling scenarios needs to be considered with channel selection:
1. Typical carrier aggregation scenario: DL scheduling taking place from both PCC and SCC(s)
2. Special case: CIF-assisted cross-CC scheduling from PCC only

It is noted that optimizing channel selection for two scenarios results in two different solutions as discussed in [2].

Rel-8 type of PUCCH structure and resources exist with uplink component carriers (CC) having UEs with only single DL CC configured and/or Rel-8/9 UEs in operation. In order to minimize the PUCCH overhead, it makes sense to reuse the existing dynamic A/N resources as much as possible. For this reason, PUCCH format 1b resource corresponding to dynamically scheduled PDSCH scheduled via PCC should always be reserved implicitly according to Rel-8/9 rule. 

The same applies to CIF-assisted cross-CC scheduling from PCC only (CA scenario #2). As long as eNB transmits DL resource allocation grants via DL PCC only there is no need for having separate multi-A/N resource on the UL PCC. Existing PUCCH Format 1b resources allocation scheme according to Rel-8/9 implicit rule is an optimum RA solution in this scenario. 

In typical CA scenario (DL scheduling taking place from both PCC and SCC) there is a need to allocate multiple PUCCH Format 1b resources from the UL PCC. Again, PUCCH format 1b resource corresponding to dynamically scheduled PCC (& scheduled via PCC) can be reserved implicitly according to Rel-8/9 rule. Additional PUCCH format 1b (multi-A/N) resources required to support up to 4 bit channel selection can be reserved semi-statically using higher layer signalling. Sharing the same multi-A/N resource among multiple UEs is also supported similarly as with DFT-S-OFDMA. 
Another option would be to reserve multi-A/N resources implicitly also in this scenario. This option would require defining (at least) two separate PUCC Format 1a/1b resource pools for dynamically scheduled PDSCH. We are of the opinion that this is not the preferred direction of optimization.  As a matter of fact implicit RA would result either in excessive PUCCH overhead or scheduler restrictions and thereby negative impact in system performance for most of the cases.

Proposal :   PUCCH resource allocation for channel selection
1. Typical CA scenario (DL scheduling taking place from both PCC and SCC)
a. Rel-8/9 implicit RA scheme is applied for PUCCH format 1b resources corresponding to PCC and scheduled via PCC
b. Other PUCCH format 1b resources needed are reserved explicitly via higher layer signalling
2. Special CA scenario: Cross-CC scheduling from PCC
a. Rel-8/9 implicit RA scheme is applied 
3.
Summary & Way Forward
In this contribution we have discussed PUCCH resource allocation to support carrier aggregation in the case of dynamically scheduled PDSCH. We propose the following actions:
Proposal 1:  Multi-A/N resource on PUCCH is used only in the case A/N signalling relates to one or more SCCs
Proposal 2:  Explicit resource allocation for Multi-A/N on PUCCH is applied with DFT-S-OFDMA

Proposal 3:   PUCCH resource allocation for channel selection

1. Typical CA scenario (DL scheduling taking place from both PCC and SCC)
a. Rel-8/9 implicit RA scheme is applied for PUCCH format 1b resources corresponding to PCC and scheduled via PCC
b. Other PUCCH format 1b resources needed are reserved explicitly via higher layer signalling
2. Special CA scenario: Cross-CC scheduling from PCC

a. Rel-8/9 implicit RA scheme is applied 
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