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1. Introduction

An objective of the UL CoMP WI is the study of PUCCH enhancements in homogeneous and heterogeneous configurations to

· improve resource utilization efficiency in the UL CoMP operation 
· avoid high inter-cell/point interference
In particular heterogeneous networks (het-nets) introduce significantly higher levels of interference within the coverage area of a macro cell since smaller cells (and cell edges) are formed by the deployment of low power nodes. Given that coordination of DL transmission between different eNBs in a het-net may also require coordination of uplink control signalling we study possible enhancements to uplink control to support DL CoMP in het-nets (CoMP Scenarios 3 and 4). 
2. Discussion
The UL interference scenario can be described by Figure 1.  A macro cell area is overlaid with low power nodes that form e.g. hotspots. For CoMP Scenario 3, each cell has a unique cell ID and the pico UEs within a pico cell receive their DCI from the pico eNB. Ideally, the PUCCH multiplexing capacity scales with the number of network nodes within the macro coverage area i.e. area splitting gains are achievable. In practice however, the actual multiplexing capacity is limited by the higher level of interference that is experienced per cell due to an increased number of cells – and cell boundaries – within the macro coverage area. This is illustrated in Figure 1, where UE1 transmits with relatively high power on PUCCH to the macro, which is its serving cell, but also generates UL interference to pico cell 1. Although this is a general problem for het-nets, CoMP operation can mitigate the UL interference by coordinating transmissions (receptions) to (from) UEs. 
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Figure 1 Interference profile in CoMP Scenario 3
A different issue is observed for the shared cell-ID configuration. Per Rel-8/9/10 PUCCH design, the base sequence and the interference randomization patterns (scrambling, sequence group and sequence hopping, cell-specific cyclic shift) are all based on the cell ID. Therefore, PUCCH transmissions can be configured to be orthogonal across the cluster. On the other hand, the multiplexing capacity is constrained to that of a homogeneous cell e.g. at most 12 PUCCH Format 2 resources per PRB.

These complementary interference issues for Scenarios 3 and 4 affect both the semi-static and dynamic PUCCH regions as the following proposed enhancements will show. 

2.1. Proposed Enhancements

Flexible resource pools: 

One possible enhancement targeting flexible configuration of orthogonal/non-orthogonal PUCCH resources is the configuration of multiple PUCCH resource pools [2]. CoMP reception points (RPs) that are spatially isolated can be configured with non-orthogonal PUCCH resources to provide area splitting gains. Conversely, reception points that suffer significant mutual interference can be configured with orthogonal PUCCH resources. In some sense, a resource pool can be viewed as a separate cell in the context of PUCCH transmission i.e. PUCCH is decoupled from PDCCH. This provides a trade-off between the merits of inter-cell and intra-cell CoMP as described above. 
Partitioning of dynamic A/N resource region

In Rel-8/9/10 the PUCCH A/N region is partitioned into semi-static and dynamic regions by the PUCCH resource offset parameter.  Furthermore, the Format 2 region is defined by the parameter
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. Uncoordinated configuration of the PUCCH regions between a macro and pico may lead to high levels of inter-cell interference when the PUCCH regions overlap especially in Scenario 3. It has been proposed in e.g. [3], [4] to coordinate the dynamic A/N PUCCH regions by specifying a new PUCCH resource offset parameter to eliminate overlap between dynamic PUCCH regions on pico and macro. Although this scheme has the potential to avoid interference, there are several limitations:

1) The PUCCH overhead increases with the number of picos/RRHs in the CoMP cluster. 

2) Defining non-overlapping dynamic PUCCH regions comes at the expense of the PUSCH
a. Fragments the PUSCH bandwidth and creates potentially restricted PUSCH regions as shown in [3].

b. Reduces the scheduling flexibility on the PUSCH. Also complicates coordination of PUSCH resources between macro and picos.

As such we do not currently see a need for specifying a new dynamic A/N PUCCH offset parameter. A similar limitation exists for Format 2/2a/2b resource allocation. For CSI transmission, coordination of PUCCH resources (setting of
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) across e.g. 2 cells in a cluster is sufficient and can be left to network implementation. However, as the number of cells in the cluster increases non-overlapping partitioning of PUCCH resources begins to affect scheduling flexibility of the PUSCH.
3. Conclusion

This contribution compared two possible PUCCH enhancements in support of CoMP. Our recommendation is to 
· Consider flexible configuration of PUCCH resource pools in support of DL CoMP.
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