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1
Introduction
In Rel-11, details for CoMP support are to be developed. In this contribution, we discuss some issues with uplink control signaling for CoMP operation and one possible way to address them.
2
Discussion
Consider RRH CoMP Scenario 3, where RRHs have different cell IDs from the macro cell. Cell range expansion can be achieved via interference cancellation or via decoupled control and data, with the latter shown in Figure 1. In this example, UE1 receives DL control from the macro cell (eNB1), while it receives DL data from the RRH (RRH1). Its UL transmissions (PUCCH/PUSCH) are processed by the RRH as well. Note that similar conditions also exist for Scenario 4 where RRHs and the macro cell have the cell ID. Herein, we focus on the case of Scenario 3 for the discussion. 
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Figure 1  Decoupled control and data UE in the range expansion area in Scenario 3

Under the operation of decoupled control and data, UE1 treats eNB1 as the serving cell, and derives ACK/NAK resource for PUCCH based on the eNB1 parameter NPUCCH,eNB1(1) (the starting location of the dynamic ACK/NAK region), where the PUCCH is processed by RRH1. At the same time, UEs directly served by RRH1derives ACK/NAK resource for PUCCH based on the RRH1 parameter NPUCCH,RRH1(1) , which is separately configured from the one associated with eNB1 (NPUCCH,eNB1(1)). This typically results in two dynamic ACK/NAK regions on RRH1 as shown below.
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Figure 2 Illustration of two dynamic ACK/NAK regions on RRH under decoupled control and data
The two dynamic ACK/NAK regions on RRH make it difficult to reuse the reserved but unused PUCCH resource for PUSCH. However, it is possible via implementation to coordinate the two parameters (NPUCCH,eNB1(1) and NPUCCH,RRH1(1)) such that the two dynamic ACK/NAK regions are adjacent to each other in order to improve resource reuse. The two regions can also be configured to be partially overlapped to further increase resource reuse but at the expense of scheduling flexibility. Note that, since the two parameters are cell-specific, such configuration has some limitations since it impacts both UEs under decoupled control and data operations and UEs under regular operations.
More importantly, the dynamic PUCCH region in eNB1 and the dynamic PUCCH region for eNB1 on RRH1 may interfere with each other. Note that UEs under decoupled control and data are power controlled towards the RRH, and UEs directly served by the macro cell are power controlled towards the macro cell. Near-far problem may thus arise. In particular, uplink transmissions by UEs directly served by the macro cell may heavily interfere with the UEs under decoupled control and data especially when the uplink transmissions fall into the same resource block. 
In order to address these issues, it is necessary to introduce a new PUCCH resource offset parameter (e.g., via dedicated signalling) for better PUCCH resource management for UEs under decoupled control and data.  The parameter makes it possible to:

· Avoid collisions of PUCCH resources located on eNB1 and PUCCH resources located on RRH1 for UEs under decoupled control and data

· Facilitate management of the two dynamic PUCCH regions on RRH1.

An example is shown below. In this example, with the help of a new PUCCH resource offset parameter, the dynamic PUCCH region on RRH1 for UEs under decoupled control and data is moved to avoid collision with the one on eNB1. In addition, it is adjacent to the dynamic PUCCH region on RRHs for UEs directly served by the RRH, making it easier to achieve resource reuse.
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Figure 3 Improved PUCCH resource management under decoupled control and data 

Proposal: 

Introduce a UE-specific PUCCH dynamic resource offset parameter. 

In the same dedicated signalling, it is also possible to introduce additional signalling parameters for better UL resource management. For instance, a separate PCI (different from the PCI of eNB1) can be signalled to the UEs under decoupled control and data for improved UL operations [1].  
3
Conclusions 

In this contribution, we discussed some issues with uplink control signalling for CoMP operation. We made the following recommendation: 

Proposal: 

Introduce a UE-specific PUCCH resource offset parameter. 
For UEs under decoupled control and data operation, the PUCCH resource offset parameter can be introduced via dedicated signalling for improved PUCCH resource management, possibly along with other parameters (e.g., a separate PCI, different from the PCI of the macro cell, for improved UL operations).
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