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1 Introduction

Uplink Control Signaling transmission in case of CoMP was discussed in RAN1#68 meeting, and a draft Wayforwad on PUCCH resource management [1] was submitted: 
Resource allocation of Rel-11 PUCCH formats supports UE-dedicated RRC signaling of resource parameters NcellID (PUCCHx) and NPUCCH_UE(1) 
· NcellID (PUCCHx) is used as NcellID for defining base sequence and cyclic shift hopping for PUCCH format x. 

· UE-dedicated NPUCCH_UE(1) , indicates the starting location of PUCCH resource to the UE only for PUCCH format 1a/1b. 

In this paper, details of the parameters will be discussed, A/N feedback mechanism for e-PDCCH is taken into consideration as well, and the corresponding proposal is presented.   
2 PUCCH Transmission Enhancement 

It seems common understanding of decoupling the DL transmission point selection and UL reception point selection of a CoMP UE, which can leverage better reception power among UL reception points. A method of creating a new PUCCH resource region is needed to enable and improve the PUCCH feedback after the decoupling.
2.1 CoMP Scenario 3

When the uplink is targeted to a cell other than the cell transmitting the PDCCH, the implicit correspondence between the PDCCH for DL assignment and the PUCCH A/N feedback will lead to no implicit PUCCH A/N resource reserved on the uplink of the targeted cell, and the PUCCH A/N resource reserved automatically will not be used. 
A method of creating a new PUCCH resource region applicable to scenario 3 was put forward [2]. The new A/N resource region can be created to carry the A/Ns for DL transmissions without the implicit PUCCH on the uplink of the targeted reception cell adjacent to the original dynamic A/N resource region, shown in Figure 1 below, which aims to reuse the reserved but unoccupied PUCCH resource of the original dynamic A/N region. 
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Figure 1. Introduction of a new dynamic A/N region in the targeted reception cell.

A UE arranged in the new dynamic A/N region needs the knowledge/parameter(s) of the new region. Firstly, the UE should be indicated its channel position in the new region to find its PUCCH. In addition, the new region is adjacent to the original dynamic A/N region whose size changes from subframe to subframe, so the starting point of the new region may change from subframe to subframe accordingly. In order to obtain the changing starting point of the new region, the UE should know the parameters such as CFI value, resource amount for PHICH of the targeted reception cell and so on to calculate the dynamic size of the original region. 
The benefits of defining base sequence and cyclic shift hopping of PUCCH by the uplink targeted reception cell ID can be explored from the following aspects:

· Firstly, the corresponding power control of the PUCCH can be based on the targeted reception cell as well without additional indication, which is reasonable for the CDMed PUCCHs in that the PUCCHs in the region conform to the same power control process and target. Furthermore, the targeted reception cells for multiple CoMP UEs can be selected independently, so that the transmit power can be at the lowest but feasible power to save UE transmit power as much as possible.

· Further suppression of the inter-cell interference can be transparent to a UE by cooperating receptions between points. For example, a cell can arrange fewer PUCCHs in a PUCCH RB to reduce the interference to neighboring cells. 
· Furthermore, one single message of cell ID configuration may be expected for a UE’s uplink transmissions. For example, once the uplink targeted cell is decided and notified to a UE, PUCCH, the sync RACH, maybe all the UE’s uplink transmissions can use the Cell ID for scrambling, base sequence, Cyclic Shift hopping and so on. Otherwise, multiple indications of different cell IDs case by case may be needed. 

The region can also be used for other DL transmissions without Rel-8 implicit PUCCH. For example, ePDCCH, and maybe multi-cell PDCCH monitoring where the PDCCH can be from different downlink cells dynamically if needed, the correspondence between PDCCH and corresponding PUCCH is violated also.

For PUCCH formats other than format 1, their resources are configured by dedicated RRC signalling already, no standardization effort is needed except a specific cell ID to define the base sequence and cyclic shift hopping. So other formats can follow format 1 to use the same cell ID of the targeted uplink reception cell as well for simplicity and signaling reduction. 
2.2 CoMP Scenario 4 
For the DL assignments based on PDCCH, the procedure of PUCCH A/N resource determination will be the same as the legacy system, and there is no aforementioned PUCCH A/N resource problem. It is easy to obtain the PUCCH A/N resource by calculation, since all CoMP UEs within the coverage already had the knowledge of the DL parameters due to the SFN transmission. In case of ePDCCH being used for DL assignment, the PUCCH A/N resource determination may be different and the related issues are discussed below. 
When ePDCCH is used for DL assignment, there are two possible ways to determine PUCCH A/N resource, which are semi-static configuration as R-PDCCH and dynamic signalling. As the number of UEs using ePDCCH will be much more than relay node, the semi-static resource configuration will consume a huge number of A/N resource, which is not preferred. Regarding the dynamic signalling, there will be the association between ePDCCH and the used PUCCH A/N resource. Although the detail of association is not discussed yet, the principle is similar to the current mechanism. 

Given the dynamic A/N resource signaling is used, the enhancement of PUCCH A/N transmission will be needed in scenario 4. When ePDCCH is used, each RRH within the cell can transmit ePDCCH and reserve PUCCH A/N resource independently as illustrated in Figure 2.
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Figure 2: Illustration of PUCCH A/N resource reservation in scenario 4 
Firstly, when UE’s DL and UL are connected to the same RRH, UE needs to know the starting location of A/N region reserved in this RRH. As different A/N region can be configured for different RRH, UE-dedicated signaling NPUCCH_UE(1) is needed to indicate the starting location. The signaling NPUCCH_UE(1)can also be used to indicate the starting location of A/N region reserved for other RRHs when UE’s DL and UL are connected to different RRH. 
Secondly, there may be A/N region overlap among different RRHs, i.e. spatial reuse to achieve the cell splitting gain. In this case, it is preferred to use different base sequence and cyclic shift hopping in different RRH to randomize the interference.  Thus, the UE-dedicated signaling NcellID (PUCCHx) is needed as NcellID to define base sequence and cyclic shift hopping for PUCCH A/N. In this case, multiple base sequences with low cross-correlation are preferred to mitigate the inter-RRH interference. 
Also, other PUCCH formats can be done as the legacy system in scenario 4. However, the cell splitting gain cannot be achieved without spatial reuse and a large number of resources need to be reserved. If spatial reuse is performed in scenario 4 for PUCCH format 1/2/2a/2b/3, e.g. the UEs served by different RRHs within the same cell can reuse the same RB, the UE-dedicated signaling NcellID (PUCCHx) is needed to define the base sequence and cyclic shift used within one RRH instead of using the same base sequence and cyclic shift hopping in the cell. 
It can be observed that a UE’s PUCCH will always be transmitted based on its targeted UL reception cell, either in the Rel-8 implicit PUCCH A/N region, or in the new dynamic A/N region, even other PUCCH formats, decided by RRC configuration.
Proposal1: UE-dedicated RRC-configured parameter NcellID (PUCCHx) is used as NcellID for defining base sequence and cyclic shift hopping for all PUCCH formats. The valid value(s) of NcellID (PUCCHx)  is FFS.
Proposal 2: UE-dedicated RRC-configured parameter NPUCCH_UE(1) indicates the starting location of resources for PUCCH formats 1a/1b to the UE.

3 Conclusions
In this contribution, PUCCH transmission enhancement is discussed for CoMP scenarios and other cases, like e-PDCCH and multi-cell PDCCH monitoring. A unified mechanism for all the cases can be expected by introducing a new dynamic PUCCH region, where the base sequence and cyclic shift hopping of PUCCH are defined by the cell ID of a UE’s uplink targeted reception cell, the UE’s PUCCH location in the new region is indicated by an RRC signaling.    
The following proposal is presented:

Proposal1: UE-dedicated RRC-configured parameter NcellID (PUCCHx) is used as NcellID for defining base sequence and cyclic shift hopping for all PUCCH formats. The valid value(s) of NcellID (PUCCHx)  is FFS.
Proposal 2: UE-dedicated RRC-configured parameter NPUCCH_UE(1) indicates the starting location of resources for PUCCH formats 1a/1b to the UE.
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