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1 Introduction
The CoMP Work Item was approved in RAN plenary #53 meeting [1]. For the uplink CoMP, it was agreed to enhance PUCCH as follows:
·  improve resource utilization efficiency in the UL CoMP operation 
·  avoid high inter-cell/point interference

In this contribution, the potential PUCCH interference issues and enhancements in CoMP scenario 3 and 4 are discussed.
2 PUCCH enhancement in CoMP scenario 3&4
There are two important scenarios in CoMP, i.e. scenario 3 and scenario 4. In CoMP scenario 3, macro cell and RRHs have different Cell IDs, as shown in Fig. 1. In CoMP scenario 4, macro cell and all the RRHs have the same Cell ID, as shown in Fig.2. The difference of cell ID configuration has different impacts on the PUCCH transmission. In the following, the potential PUCCH issues and enhancements are discussed separately in scenario 3 and 4. 
[image: image1.emf]    MacroPicof1f2f1f2f1f2f1f2Macro UE•Control signaling on f1•Data on f1and/or f2Pico UE•Control signaling on f2•Data on f1and/or f2Macro UE•Control signaling on f1and/or f2•Data on f1and/or f2

Cell-ID3

 

Cell-ID2

UE-1

UE-2

UE-3

RRH-1

RRH-2

PUCCH signal 

PUCCH interference 

  MacroPicof1f2f1f2f1f2f1f2Macro UE•Control signaling on f1•Data on f1and/or f2Pico UE•Control signaling on f2•Data on f1and/or f2Macro UE•Control signaling on f1and/or f2•Data on f1and/or f2

eNB

UE-4

[image: image2.emf]    MacroPicof1f2f1f2f1f2f1f2Macro UE•Control signaling on f1•Data on f1and/or f2Pico UE•Control signaling on f2•Data on f1and/or f2Macro UE•Control signaling on f1and/or f2•Data on f1and/or f2

Cell-ID1

 

Cell-ID1

UE-1

UE-2

RRH-2

  MacroPicof1f2f1f2f1f2f1f2Macro UE•Control signaling on f1•Data on f1and/or f2Pico UE•Control signaling on f2•Data on f1and/or f2Macro UE•Control signaling on f1and/or f2•Data on f1and/or f2

Cell-ID1

UE-3 RRH-1

PUCCH signal 

PUCCH interference 

eNB



Fig. 1   Scenario 3

Fig. 2 Scenario 4

Before discussing the PUCCH enhancement, the current interference randomization methods for PUCCH in LTE Rel-8/9/10 are reviewed in Table 1.  
Table 1: Inter-cell interference mitigation methods for PUCCH Formats in LTE Rel-8/9/10
	PUCCH Format
	Resource index
	Inter-cell interference mitigation methods

	Format 1a/1b
	Dynamically indicated by 
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is a cell specific parameter
 High layer configured resource for SPS transmission
	· Cell-specific cyclic shift hopping over SC-FDMA symbol.


	Format 2/2a/2b
	High layer configured.
	· Cell-specific cyclic shift hopping over SC-FDMA symbol.
· UE specific bit-level scrambling code.

	Format 3
	High layer configured and dynamically indicated by ACK/NACK resource indicator (ARI)
	· Cell-specific cyclic shift per SC-FDMA symbol.
· Cell-specific scrambling code.
· UE specific bit-level scrambling code.


2.1.1 Scenario 3 

As shown in Fig. 1, UE-1 and UE-2 are served by RRH-2 and macro cell respectively; however for UE-4, the downlink is served by the macro cell and uplink (PUCCH) is connected to RRH-2. The reason is that UE-4 will have high power transmission in uplink because of large distance if the uplink is connected to the macro cell, which may result in strong interference to the UEs served by RRH-2. As the current PUCCH is associated with Cell ID, UE-4’s PUCCH base sequence and resource is determined by the macro cell, which still interfere the UEs served by RRH-2. Hence, the PUCCH resources configured by the macro cell and RRH-2 can be coordinated to mitigate the interference.
From Table 1, it can be seen that PUCCH format 2x and format 3 are high layer configured. As shown in Fig. 3, if UE-4 has strong PUCCH interference on UE-1 when they occupy the same PUCCH time/frequency resource, a simple way to avoid high interference is to configure different RB resource for UE-1 and UE-4. Hence the resource allocation for PUCCH format 2x and format 3 can be same as Rel-8/9/10. 
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Fig. 3 PUCCH format 2x/3 resource configuration 
While for PUCCH format 1a/1b (ACK/NACK), it can be done by configuring different parameter 
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 for the macro cell and RRH to avoid the interference as shown in Fig. 4. In Fig.4, eNB and RRH-2 use different PUCCH format 1a/1b region, the PUCCH interference can be avoided although dynamic PUCCH indication scheme is used.   
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Fig. 4  PUCCH ACK/NACK collision avoidance for different Cell ID on scenario 3
Proposal : For PUCCH resource allocation in scenario 3, no change for Rel-11. 
2.1.2 Scenario 4

Due to the same cell ID configuration for different RRHs as the macro cell, the same base sequence will be used for all the PUCCHs in the cell. If only PDCCH is used for scheduling, there is no spatially reuse for PDCCH because PDCCH demodulation is based on CRS. Therefore, there is no PUCCH collision. It has been agreed to introduce ePDCCH to achieve spatial reuse. When ePDCCH is used in scenario 4, the PUCCH can be spatially reused as well among different points within the same cell as mentioned in [2]. In this case, there will be strong inter point interference between PUCCHs if they occupy the same resource. For example, in Fig. 5, PUCCH of UE-1 might be interfered by that of UE-2 if the same resources in the form of resource block and spreading sequence for PUCCHs are shared by UE-1 and UE-2. And UE-2 is a strong interference for UE1 because UE-2 is power controlled by eNB and UE-1 is power controlled by RRH-2. It may have the near-far effect. 

The different PUCCH formats are discussed in this scenario separately. For PUCCH Format 2x and 3, high layer configuration of resource can avoid the strong interference. Hence, the current PUCCH format 2x and 3 resource allocation scheme can be reused in scenario 4 without any change.
For PUCCH Format 1a/1b, if PUCCH resource is dynamically determined by ePDCCH, the strong interference may occur because of the same time/frequency and sequence resource, as shown in Fig. 6. 
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Fig. 5   PUCCH ACK/NACK collision on scenario 4
To avoid the strong interference in scenario 4, two methods can be considered. The one is to avoid the PUCCH collision between strong interference UEs. In this case, introducing a UE specific offset in the ACK/NACK resource determination formula can solve the problem. The other is to introduce multiple PUCCH base sequences in scenario 4 to avoid the same base sequence reused in different RRH. 
Proposal : 
· For PUCCH resource allocation in scenario 4, no change for Rel-11.
· For PUCCH format 1a/1b, introducing a UE specific ACK/NACK resource offset or multiple PUCCH base sequences can be considered to mitigate the inter point interference

3 Conclusion
In this contribution, we give the PUCCH interference analysis on CoMP scenario 3 and 4, according to the discussion, we propose that:

· For PUCCH resource allocation in scenario 3, no change for Rel-11.
· For PUCCH format 2x and 3 resource allocation in scenario 4, no change for Rel-11.
· For PUCCH format 1a/1b, introducing a UE specific ACK/NACK resource offset or multiple PUCCH base sequences can be considered to mitigate the inter point interference
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