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1 Introduction

The identification of suitable solutions for the enhancement of UL CoMP operations in homogeneous and heterogeneous deployments was agreed as part of the CoMP WI [1], including potential enhancements for UL control signaling. Several companies have already identified aspects for enhancement, especially with respect to PUCCH configuration in heterogeneous deployments (e.g., [2]-[6]).

This contribution analyzes the application of UL control signaling in the CoMP context and identifies some suitable standard enhancements.

2 Example Configuration of Legacy UEs in UL CoMP Networks

In legacy LTE releases the RS and scrambling sequences for PUCCH formats 1/1a/1b/2/2a/2b are directly tied to the cell-ID. The shared-ID concept of Scenario 4 may be exploited for achieving orthogonal PUCCH resources over the whole hetnet. On the other hand, the cross-correlation properties of different CAZAC sequences may not be exploited for PUCCH spatial reuse within the hetnet.

In case of CoMP between different cells resource allocation may be inefficient because the PUCCH sequences are tied to the cell-ID instead of the intended RP. Furthermore, the attractive solution of creating a “CoMP friendly” sector corresponding to cell edges may not be easily implemented either [2]. 

Another potential issue arises for dynamic PUCCH assignments of DL HARQ reports, which may potentially interfere with each other because they are scheduled by different PDCCH and jointly received at the same UL RP.

In synthesis, it appears that legacy UEs may be configured in Rel-11 networks without fundamental problems. Nevertheless, some potential inefficiencies and performance limitations have been identified.

Observation:

· Legacy UEs may be run in Rel-11 CoMP networks even though there is some room for performance improvement due to limited UE configurability.
3 Areas for enhancement for PUCCH in UL CoMP

The limitations appearing for legacy UEs in UL CoMP networks may be alleviated with limited standard impact by enabling UE specific provisioning of RS and scrambling / hopping sequences for PUCCH. Two example configurations are reported in Figure 1 and Figure 2. In Figure 1 the borderline between macro and pico UL coverage corresponds to different PUCCH base sequences. In Figure 2, a third “coverage edge” area is created and joint reception of PUCCH in such region may be provided by the network.
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Figure 1: Example Rel-11 UEs PUCCH configuration.
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Figure 2: Example Rel-11 UEs PUCCH configuration with UL CoMP region.

Regarding provision of a dynamic PUCCH region for HARQ feedback, collisions may be avoided by the network with reasonable probability by carefully offsetting the dynamic PUCCH region by use of the N_PUCCH parameters.

It is also observed that there is no apparent benefit in tying the PUCCH RS to the DM RS sequence index, while on the other hand there are cases where independent configuration of such sequences would allow beneficial decoupling of the reception point(s) for PUSCH and PUCCH.

Proposal:

· Introduce UE-specific RS and scrambling/hopping sequences for PUCCH.
Another improvement to be considered is decoupling of sequence-group hopping (SGH) de-configuration for PUCCH (and SRS) and DMRS, in order to avoid unnecessary interference randomization degradation for PUCCH (and SRS). Similar considerations are included in [7].
Proposal
· Enable decoupled configuration of SGH for DMRS and SRS/PUCCH.
4 Conclusions

This contribution analyzed PUCCH operations for legacy and Rel-11 UEs in Rel-11 UL CoMP networks. Some aspects for improvement with limited standardization effort are identified as follows:

Observation:

· Legacy UEs may be run in Rel-11 CoMP networks even though there is some room for performance improvement due to limited UE configurability.

Proposal:

· Introduce UE-specific RS and scrambling/hopping sequences for PUCCH
· Enable decoupled configuration of SGH for DMRS and SRS/PUCCH.
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