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Discussion 
1
Introduction

This paper discusses the PUCCH arrangement in the case of CoMP. The following scenarios were selected for the evaluation of DL and UL CoMP [1].
· Scenario 1: Homogeneous network with intra-site CoMP.
· Scenario 2: Homogeneous network with high Tx power RRHs.
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell.
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.

In this paper we focus mainly on PUCCH aspects related to Scenario 3 and Scenario 4. The main question is to identify potential directions for optimizing the uplink control channel towards improved CoMP operation in different CoMP scenarios.
2.
PUCCH Interference Scenarios
We consider HetNet CoMP as an example to investigate the current interference scenarios related to PUCCH. The HetNet CoMP related to 3GPP Scenario 3 and Scenario 4 is depicted in Figure 1. 
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Figure 1. HetNet CoMP scenario.
Scenario 3:

Inter-cell interference is a limiting factor for PUCCH coverage especially with increased CSI payload sizes [2]. All users in all cells (Macro/RRH) transmit on PUCCH using frequency resources at the edges of the available uplink spectrum in this scenario. Some kind of interference averaging (i.e. fractional load) is implicitly obtained e.g. when PUCCH resources are unused due to uplink control information being transmitted over simultaneously allocated PUSCH resources, as well as not all CCE indices are used for separate DL allocations, thus mapping to a PUCCH resource for ACK/NACK signaling. 
Gains from CoMP joint reception can be limited in the case of Rel’10 UEs and PUCCH in Scenario 3. Normally when a desired signal is received via its own cell, the other signals at comparable signal strengh typically originate from the same cell and are orthogonal. Non-orthogonal signals are received – on average – at lower signal strengh and resulting interference is averaged with effective inter-cell interference randomisation. When the same desired signal is received via neighboring cell, situation is reversed. The signals received at comparable or higher signal strengh are typically non-orthogonal and can bury the desired signal under interference. Hence the signal received via neighboring cell can have considerably lower quality than when received via the own cell, resulting in limited CoMP gains for PUCCH.  
In summary, we anticipate that PUCCH coverage might be an issue especially for increased CSI payload sizes  when applying Rel-8 PUCCH principles on top of Scenario 3. Usage of more sparse control channel allocation would alleviate inter-cell interference but, on other hand, would increase the PUCCH overhead considerably. Clearly that is not an optimal solution for PUCCH in CoMP system.
Scenario 4:

All the UEs share the same PUCCH structure in this scenario and hence the PUCCH capacity will be an issue as orthogonal resources need to be provided for all of them. This is waste of resources for UEs that are heard by single Tx/Rx point and have sufficient spatial isolation towards other Tx/Rx-points. For these UEs, non-orthogonal resources with proper randomization properties would be the best solution. The biggest resource savings would be available for persistent PUCCH signals (CSI, SR, persistent ACK/NACK) configured semi-statically.
3.
Potential CoMP aspects that needs to be considered
Based on discussion in the previous section, efficient solution could be achieved with proper use of both inter-cell orthogonal and non-orthogonal PUCCH resources. Non-orthogonal resources could be allocated for UEs heard by single Tx/Rx point with sufficient spatial isolation towards other Tx/Rx-points and for signals not benefiting from improved reception quality. This would provide for efficient reuse of PUCCH resources within CoMP cooperation set. 
Orthogonal resources, allowing for efficient CoMP reception, could be allocated for UEs heard via multiple Tx/Rx points and for signals benefiting from improved reception quality such as large CSI reports. Allocation of orthogonal resources for such UEs benefits also reception of non-orthogonal PUCCH, as the dominant interferers are (re)moved to orthogonal resources. This can allow for use of more dense control channel allocation.  Furthermore, partial orghogonality by means of providing inter-cell orthogonal reference signal only for the reference signal part of PUCCH needs to be considered.  This could facilitate more efficient inter-cell interference suppression on PUCCH. Hence we anticipate that more flexible ways to share orthogonal/non-orthogonal PUCCH resources are needed for improved CoMP operation. However, in order to support legacy UEs the basic CoMP structure from Rel-8 needs to be maintained.

A potential extension scheme for the PUCCH is to consider support for multiple PUCCH resource pools. This can be seen also as decoupling the cell ID used for PDCCH and PUCCH to ease coordination of UL control transmission between different cells. The principle of two PUCCH resource pools with CoMP is shown in Figure 2. 

· Resources on the cell-specific resource pool are non-orthogonal among different cells. This corresponds to Rel-8/9/10 operation. Fractional load and randomization keep the cell edge performance at desired level. 
· Resources on CoMP-specific resource pool are orthogonal over the CoMP area. For that reason the UE signal can be reasonably detected on multiple sites. Cell edge performance is improved also for the other users (on the cell-specific resource pool) due to the fact that dominant interferers utilize inter-cell orthogonal resources.
Each resource pool contains dedicated PUCCH sequence group and physical layer cell ID used for deriving randomization schemes as in Rel-8/9/10. There are also separate PUCCH configuration parameters to facilitate frequency domain separation between cell-specific and CoMP-specific resource pools.

In order to trade-off the inter-cell orthogonality and overhead, additional flexibility may be needed for the PUCCH resource allocation. The additional flexibility could be achieved e.g., by:

· Dynamic selection of the PUCCH resource pool (i.e., between cell specific and CoMP specific)

· Dynamic allocation of PUCCH resources on the CoMP resource pool 

· More flexible resource allocation for PUCCH reference signals.
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Figure 2. Principle of multiple PUCCH resource pools.
4.
Summary 
In this contribution we have discussed potential interference aspects related to PUCCH CoMP operation. We anticipate that enhanced and more flexible ways to share orthogonal/non-orthogonal PUCCH resources are needed to improve baseline CoMP operation. Our discussion is summarized in three proposals below.
Proposal 1:  Consider support for multiple PUCCH resource pools in the case of CoMP
Proposal 2:  Consider support for decoupling the DL/PDSCH functionality and UL/PUCCH functionality in the case of CoMP

Proposal 3:  Consider more flexible PUCCH resource allocation schemes for the CoMP users.
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