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1. Introduction
According to the WI on UL CoMP for Rel-11 [1], the following enhancements to PUCCH should be considered:

· Potential areas for specification in support of UL CoMP operation include: 

· Enhancements to PUCCH to

· improve resource utilization efficiency in the UL CoMP operation 

· avoid high inter-cell/point interference
In this contribution, we discuss PUCCH intercell interference issues in heterogeneous scenarios 3 and 4.  Enhancements which address these interference issues are also discussed.  
2. UL CoMP Control Signaling
In Release 8-10, either 12, 18, or 36 PUCCH resources/signals from UEs of a single cell can be multiplexed within an RB by applying different cyclic shifts and OCC codes.  The resources – the cyclic shift and OCC code –  are assigned based either on higher layer signaling, e.g. format 2 CQI reports, SPS ACK responses, or dynamically as for format 1a/1b ACK responses based on the lowest CCE of the corresponding PDCCH grant.   Interference between cells is randomized by different cyclic shift hopping patterns based on cell ID, UE specific bit-level scrambling, and optional base sequence group hopping.

In heterogeneous and CoMP environments a UE may be served on the downlink by one transmission point while transmitting to a geographically distinct reception point on the uplink.  The intercell interference seen by the UE can, in this configuration, be larger compared to homogeneous environments.  This is discussed further below for Scenarios 3 and 4.  
Scenario 3

UL CoMP in heterogeneous Scenario 3 is illustrated in Figure 1.  UE1 is in the extension zone of the RRH and therefore receives its downlink from the macro and transmits its uplink to the RRH.  UE2 is connected to the macro cell on both uplink and downlink while UE3 is connected to the RRH on both uplink and downlink.  If the macro cell and RRH are configured with the same dynamic ACK/NACK PUCCH resource offset 
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 parameter, UE1 and UE3 will share the same dynamic ACK/NACK regions.  Since the PDCCHs sent to UE1 and UE3 are sent by the macro and RRH respectively, it is possible that the same ACK/NACK resources could be assigned to both users resulting in high intercell interference.  As pointed in [2]
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[3] this may be avoided by staggering the dynamic regions of the macro and RRH by configuring different values of 
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A second interference scenario is UE2 interfering with the reception of UE1 at the RRH.  Note that both UEs share the same dynamic ACK/NACK region since they both receive PDCCH from the macro cell.  In addition if UE2 is on the border of the extension zone it will need to transmit with potentially much greater power than is required for UE1 to be received successfully received by the RRH.  When resources are not perfectly orthogonal, this near-far effect may result in significant degradation of the reception of UE1 at the RRH.   
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Figure 1:  CoMP Scenario 3  
Solutions to the above problem of interference between dynamic ACK/NACKs have focused on creating separate ACK/NACK regions for users which receive their downlink from the Macro but transmit their uplink to the RRH.  One way this can be done is by introducing a UE-specific offset for such UEs [2].  This effectively creates a new dynamic ACK/NACK region for CoMP users as shown in Figure 2.  An alternative proposal is to also create a reserved dynamic region for legacy users that is disjoint of the regions for both CoMP users and users connected to the RRH [4]. Another proposal is to reserve a region between the original semi-static ACK/NACK region and the original dynamic ACK/NACK region [5].   The exact method for creating the separate ACK/NACK regions can be studied further but our view is that it is important to create a separate dynamic ACK/NACK region for CoMP UEs.
Proposal:  
· Separation of the dynamic ACK/NACK region for CoMP UE vs. macro and RRH UEs should be supported.
Scenario 4 with PDCCH
In Scenario 4 with PDCCH all UEs share a single cell ID and therefore can be assigned orthogonal resources.  Since the PDCCH cannot be spatially reused however, the resulting capacity is limited.  In order to provide cell-splitting gain, it has been proposed to reuse resources for users connected to well-separated RRHs [7].  The resulting intra-cell interference, while small, is not randomized since all UE’s share the same cell ID and therefore have the same cyclic and base sequence group hopping.  Intra-cell interference may be randomized by allowing for UE-specific setting of base sequence and possibly cyclic shift hopping [4]
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[6][7].  
Proposal: 

· Consider user-specific setting of base sequence and cyclic shift hopping for PUCCH  
Scenario 4 with ePDCCH

Spatial reuse of ePDCCH introduces the possibility that two UEs receiving PDCCH from different transmission points could be assigned the same PUCCH resource if, for example, dynamic linking of ACK/NACK resources to occupied ePDCCH CCEs is used.  It is also possible that legacy UEs receiving PDCCH from the macro may interfere with reception of ePDCCH at an RRH.  Similar to Scenario 3, this can be addressed with separate ACK/NACK regions for macro and CoMP UEs.  On the other hand, mapping of ACK/NACK resources for ePDCCH has not been discussed—it is possible that resources will be assigned on a semi-static basis obviating the need for separate regions.   
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Figure 2: Separation of dynamic ACK/NACK regions in Scenario 3 proposed in [2].
3. Conclusions
This contribution described PUCCH intercell interference issues in scenarios 3 and 4.  Enhancements to address these issues were discussed and include:
· Separation of the dynamic ACK/NACK region for CoMP UE vs. macro and RRH UEs should be supported.

· Consider user-specific setting of base sequence and cyclic shift hopping for PUCCH.  
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