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1 Introduction

In RAN1 #68 meeting, the following conclusions on  Uplink control signaling for the uplink CoMP are reached：
“Continue discussion until next meeting. Potentially also take into account the related aspects in E-PDCCH discussion, in addition to COMP impact. Also consider the relation to PUCCH PC ”
This contribution we will further discuss the remaining issues for PUCCH enhancement， mainly focused on following issues, and give our preference. 
· PUCCH resource index collision problem based on PDCCH and ePDCCH. 
· Analysis the pros and cons for different PUCCH enhancement schemes.
2 Discussion  
In Rel-10 LTE/LTE-A system, PUCCH resource is mainly base on cell-id and resource index. 
In CoMP scenarios 3, RRHs and the macro cell have different cell IDs, the PUCCHs transmitted in different cells cannot be made orthogonal according to the legacy mechanism, so interference will be introduced between cells in CoMP as analysis in [1]. The simulation result in [1] shows when the interference strength is much higher than desired signal, the desired signal is buried under interference. Furthermore, when PUCCH is jointly received or the Tx and Rx points is different, resources of PUCCH from different cells may be in collision, because there is no coordination between cells to allocate the CCE index. As depicted in [1], resource index of UE3, UE4, UE5 and UE7 may be in collision.  
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Fig1
It has been agreed to introduce ePDCCH in R11, as a result, the PUCCH enhancement need to be considered correspondingly. First of all, how to indicate the resource index of PUCCH corresponding to ePDCCH need to be specified. In R10, there are three methods to indicate the resource index of PUCCH: RRC signaling, RRC or  DCI, and finally mapping from first CCE index of PDCCH. The resource index of PUCCH (ePDCCH) can be indicated dynamically similar to PUCCH (PDCCH), and it should have a separate PUCCH resource from PUCCH(PDCCH) to avoid resource collision, such as UE3 and  UE4 in fig1.   

Assume the resource index of PUCCH (ePDCCH) is indicated dynamically similar to PUCCH (PDCCH), ePDCCH is decoded base on DMRS, ePDCCHs from different cells may reuse the same time/frequency resource, resulting the PUCCH collision, as depicted in fig1, the PUCCH resources of UE1 and UE2 may be collided, especially in scenario 4, the collision will cause strong interference.    
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Fig2 PUCCH  collision

Based on the discussion above, we have the observation:   
Observation: the enhancement of PUCCH need to consider the Quasi-orthogonal interference and resource collision. 
3 Potential PUCCH enhancement schemes 
Several approaches for PUCCH enhancement have been proposed in previous RAN1 meeting. Possible designs will be listed as follows:  
Alt1-UE-specific base sequence& CS hopping: i.e. CDM. A new parameter, e.g. UE-specific virtual cell ID can be used. The enhanced PUCCH will be non-orthogonal to legacy PUCCH, as a result, interference will be introduced between the enhanced PUCCH and legacy PUCCH. To avoid the interference to legacy UE, Rel-11UE and the legacy UE with different base sequence& CS hopping need to be assigned in different RBs. And the PUCCH resource collision problem is not resolved especially for dynamic ACK/NACK. Since the resource index of dynamic ACK/NACK is derived from the first CCE index of PDCCH, to avoid the collision and divide the UEs with different base sequence, coordination between cells to assign first CCE index(or ePDCCH resource) to all dynamic ACK/NACK UEs is needed, which introduce restrictions to DL resource schedule.   
Alt2-Introducing new resource region: i.e. FDM. A new parameter, e.g. UE-specific resource offset or UE-specific
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 can be used. Multi-PUCCH regions may be arranged, UEs that the DL is from different cells but the PUCCH is received by the same point need to be allocated in different RBs. For example, in fig1, UE3, UE4, UE5 and UE7 should be separated in frequency domain.  More resources will be needed to arrange the multi-PUCCH region. The resources in some regions maybe not fully used.  It can be avoid collision with little or no limit to DL resource schedule.   
Alt3-introducing the new resource region and UE-specific base sequence& CS hopping in the new region: i.e. CDM&FDM. Two parameters, e.g. UE-specific resource offset/UE-specific
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and UE-specific virtual cell ID can be used. Multi-PUCCH regions may be arranged, e.g. legacy PUCCH(PDCCH) region, new PUCCH(PDCCH) region, inter-cell orthogonal PUCCH(ePDCCH) region, inter-cell Quasi-orthogonal PUCCH(ePDCCH) region, at the same time, the virtual cell ID is applied in corresponding regions such as new and  inter-cell orthogonal PUCCH(ePDCCH) region. The enhanced PUCCH can be orthogonal with both eNB UEs and RRH UEs easily, e.g. FDM with eNB UEs, and CDM with RRH UEs. Resource collisions among UEs from different cell in the same region need consideration. For example, in fig1, UE3, UE4, UE5 are allocated in the same region such as new PUCCH(PDCCH) region, and virtual cell ID is applied, to avoid resource collision, coordination between cells to assign first CCE index(or ePDCCH resource) for UE3, UE4, UE5 is needed. 
Table 1 below compares above mentioned designs.   
Table1 comparison of PUCCH enhancement methods 
	
	description 
	Specification effort
	Resource efficiency
	orthogonality 
	collision

	Alt1  CDM
	UE-specific base sequence& CS hopping 
	UE-specific virtual cell ID 
	high
	Non-orthogonal to legacy UE
	Collision may happen in dynamic PUCCH region  

	Alt2  FDM
	Introducing new resource region
	a UE-specific resource offset or UE-specific
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	low
	Orthogonal to all 
	  no collision

	Alt3  CDM&FDM
	introducing the new resource region ; UE-specific base sequence& CS hopping applied in the new region  
	a UE-specific resource offset UE-specific
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;and   
UE-specific virtual cell ID
	medium
	Orthogonal to all
	Collision may happen within a new dynamic PUCCH region  


Based on the analysis above, introducing the new resource region and UE-specific base sequence& CS hopping applied in the new region can make better balance. Therefore, we propose:

 Proposal: Introducing the new resource region and UE-specific base sequence& CS hopping in the new region. 
4 Conclusion 
Potential enhancements needed for optimized PUCCH is discussed in this contribution. We have the following conclusion:
Observation: The enhancement of PUCCH need consider the inter-cell interference and resource collision. 

Proposal: Introducing the new resource region and UE-specific base sequence& CS hopping in the new region.
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