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1 Introduction

In RAN plenary #53 meeting, there is an agreement about PUCCH for the uplink CoMP [1] ：
· Enhancements to PUCCH to

· improve resource utilization efficiency in the UL CoMP operation 

· avoid high inter-cell/point interference

This contribution discusses potential enhancements for PUCCH transmissions in CoMP. 
2 Discussion  
In Rel-8/10 LTE/LTE-A system, PUCCH signal are generated by cell-specific sequence (i.e. cell ID based). The UEs in a cell with the same cell id share one single PUCCH resource pool.
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, and interference is inevitable between cells. If the interference strength is not high, inter-cell interference randomization in Rel-10 can solve the problem effectively. However, when the interference strength is high, the desired signal may be buried under interference. 
As depicted in Fig.1, the eNB UE2’ signal arrived at RRH1 may have much higher signal strength than the RRH1 UE1’s PUCCH signal received at RRH1, and when the signals are quasi-orthogonal, the RRH1 UE1’s PUCCH signal received at RRH1 may be buried under interference from macro UE2 if they are transmitted at the same time and same RB.
Gains from CoMP joint reception can be limited in the case of Rel’10 UEs and PUCCH if the RPs have different cell id. For ACK/NACK in Rel-10, multiple users can be multiplexed in one RB, for example, as for normal CP, multiplexing capacity is 12,18,36 respectively in one RB. As a result, the desired signal from adjacent cell may be interfered by multiple quasi-orthogonal signals, e.g. UE4 could be interfered by UE5, UE6 …UEn in Fig.1. 
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Figure 1 PUCCH in CoMP Scenario 3
In Rel-11, the transmission and reception point may be different, as the case for UE3 in figure 1. For dynamic ACK/NACK, UE3’s PUCCH resource index is derived from the eNB PDCCH lowest CCE index, while UE5’s PUCCH resource index is derived from the RRH1 PDCCH lowest CCE index. Because there is no CCE coordination between eNB and RRH1, the two PUCCH resource index may have collision. If UE3’ PUCCH is based on RRH3 ID, then UE3’ PUCCH cannot be decoded correctly as a result the collision. If UE3’ PUCCH is based on eNB ID, UE3’ PUCCH is quasi-orthogonal and could be interfered by UE5…UEn base on the Rel-10 mechanism.  
The following link level evaluation result shows the comparison of BER performance of PUCCH format 1a between orthogonal and quasi-orthogonal mechanism. Simulation assumptions are summarized in the Appendix.
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Fig2. Comparison of BER performance of PUCCH format 1a between orthogonal and Quasi-orthogonal mechanism
The simulation result shows that, when the interference strength is much higher than desired signal, for example as shown in the figure when interferer’s relative power is 9dB or more, the performance of Quasi-orthogonal resource is much worse than orthogonal resource.  
Proper use of both inter-cell orthogonal and quasi-orthogonal PUCCH resources can solve the problem in scenarios 3. UEs with high PUCCH inter-cell interference, such as UE2 and UE4 in figure 1 could be allocated orthogonal inter-cell recourses. UEs served by single RP with sufficient spatial isolation, such as UE1 and UE5, could be allocated inter-cell quasi-orthogonal recourses. 

In CoMP scenarios 4, RRHs and macro cell have the same cell IDs, perfect PUCCH orthogonality can be achieved base on the legacy mechanism and all the UEs share the same PUCCH structure. If a large amount of UEs simultaneously transmitting on the UL need to be supported, then reusing UL resources for PUCCH among different points could introduce intra-cell interference for different UEs belonging to different TP. More PRBs for PUCCH could be allocated according to the legacy mechanism to support more UEs if needed. We also need to take a look at the potential use case and capacity enhancement requirement for this scenario. 
3 Potential PUCCH enhancement schemes
Enhancement of PUCCH requires careful tradeoff consideration between quantity of orthogonal resources, interference level and the backward compatibility for legacy UEs. Introducing new PUCCH region is an efficient solution, as was mentioned in several contributions. Possible designs of new PUCCH region are listed as follows: 

Alt1: Creating a new dynamic A/N resource region adjacent to the original dynamic A/N resource region which aims to reuse the reserved but unoccupied PUCCH resource of the original dynamic A/N region on RRH. Since the starting point of the new region change from subframe to subframe, the UE should know the related parameters to calculate the dynamic size of the original region [4]. However, it is not possible for UE to calculate the dynamic size of the original region with current specs;   some   dynamic signaling must be indicated to UE implicitly or explicitly. 
Alt2: A UE-specific PUCCH dynamic resource offset parameter is introduced to make the new PUCCH region adjacent to the dynamic PUCCH region on RRH [5].   The scheme has similar problem as Alt1.
Alt3: For CoMP UE, RRH should distinguish CoMP UE dynamic A/N region with RRH UE dynamic A/N region. For legacy UE, eNB should reserve separate dynamic A/N region which is not overlapping with both CoMP UE dynamic A/N region and RRH UE dynamic A/N region, which means the dynamic A/N region in eNB is fixed. The ‘×’region in fig3 is corresponding to eNB new separate dynamic A/N region. And the CoMP UEs use eNB cell ID[3]. How to use the ‘×’region is not clear.  Possible waste of resources may happen in eNB new separate dynamic A/N region, ‘×’region and CoMP UE dynamic A/N region.  
Alt4: The new PUCCH region is between the original semi-static A/N region and the original dynamic A/N region. The new region is separated from original region in frequency domain. A resource offset parameter is needed to indicate the starting point of the new dynamic A/N region. Virtual cell ID may be used to achieve inter-cell orthogonality in the new region. At the same time, PUCCHs between new region and original region can keep intra-cell orthogonality. If there is no need for PUCCH enhancement for a cell, the resource offset parameter may be set to zero to fall back to Rel-10 PUCCH. The shortcoming is the resources may not fully used in new region. 
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Fig3. Alternatives of new PUCCH region
Some details, such as the signaling of new region, need further discussion. It is generally a tradeoff between signalling overhead and resource utilization efficiency. If the new region is semi-statically signaled, such as in Alt4, signalling overhead can be reduced. The resources may not be fully utilized, but nevertheless the effect should be marginal. Therefore, we slightly prefer semi-statically signalling mechanism.    

4 Conclusion 
Potential enhancements needed for optimized PUCCH is discussed in this contribution. In summary, we propose:

· Introduce a new PUCCH region. 
· FFS whether PUCCH enhancement in scenario4 is needed.
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Appendix
Simulation Assumptions

	Parameter
	Assumptions

	PUCCH format
	Format 1a

	System bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	CP format
	Normal CP

	Channel model
	ETU

	Maximum Doppler frequency shift
	70 Hz

	Antenna configuration
	1x2

	Total Relative power of interferes(total-ro)
	6dB/9dB/12dB
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