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1. Introduction
In [1] solutions for HetNet Co-channel interference management are detailed. In the approved Work Item description in [2] one of the objectives is:
· Co-channel interference management - Specify solutions to mitigate UL/DL imbalance. (RAN1/2/3/4)
· A solution to ensure the reliability of HS-DPCCH and other uplink channels (DPCCH, E-DPCCH and E-DPDCH), considering the introduction of additional channels or dynamic power adjustments of control and data channels. 

· A Solution to minimize the interference generated by  UEs that are not in soft handover towards macro and LPN base stations. Consider Extended Active Set and further ICIC to apply to such UEs.

· Consider support for E-DCH decoupling for Rel-12 terminals. Solutions needing new over-the-air signalling need to ensure that gains are promising and downlink control signalling transmitted by the LPN is reliable when the macro cell is the dominant cell in downlink. 
This paper discusses the RAN2 impacts of the solution associated with E-DCH decoupling, and highlights issues and proposals for further discussion in RAN2.
2. Discussion
2.1 Background

In a HetNet deployment, small cells are deployed under macro cell coverage to improve coverage and/or capacity of the system.  
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Figure 1: Uplink-Downlink imbalance region

Figure 1 shows a HetNet deployment with a macro cell and a small cell.  In this figure the UL (uplink) boundary is where the UE uplink pathloss to the macro cell and to the small cell are the same.  The DL (downlink) boundary is where the received pilot power from the macro cell and the received pilot power from the small cell are the same at the UE.  This is different from a homogeneous network (i.e. macro cell only deployment), where the UL and DL boundaries are at the same points in the network.  However, in HetNet deployment, the small cell has a lower transmit power than the macro cell.  As a consequence of this the UL and DL boundaries are different in HetNet as shown in Figure 1.  The region between the UL and DL boundaries is referred to as the UL-DL imbalance region. 

A UE in the UL-DL imbalance region that is connected to the macro cell (as shown in Figure 1) will create strong interference to the small cell.  This scenario is applicable to both LTE and UMTS radio access technologies.  In UMTS, the strong uplink interference will occur if this UE is not in the SHO region as shown in Figure 1.
Given the difference in UL and DL boundaries, it is proposed in [1] that the uplink and downlink are decoupled, whereby the uplink and downlink streams are served by different cells.  For example in Figure 1, the downlink is served by the serving macro cell whilst the uplink is served by the small cell.  Hence, instead of generating strong interference to the small cell, the small cell demodulates the UL signal for this UE.  

2.3 RAN2 impacts
A solution detailed in [1] is that the network uses the reception of an Event 1A measurement from the UE as a trigger to start the UL-DL decoupling. From [1] this method is represented as

In the RL reconfiguration and RL setup procedures, the decoupling configuration parameters are provided if the E-DCH decoupling operation is allowed for the UE. The same is transacted to the UE. Once the UE acknowledges the LPN addition, the LPN starts providing the UL budget to the UE. The LPN directly communicates this grant to the UE and the scheduling operation is initialized. The Serving Grant update keeps happening as long as the LPN is in the AS of the UE.
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As discussed in [3], the following issue is highlighted

Issue X: An issue with this method is that Event 1A is based on measurements of the downlink signal received at the UE, however when the UE is in an UL-DL imbalance region the radio condition in the uplink might not be suitable to trigger the UL-DL decoupling. Therefore relying on Event 1A to trigger UL-DL decoupling could result in decoupling being triggered at the wrong time.
In order to allow decoupling to be triggered at a point determined by the network a new indication would be required.   The message could be a layer 1 order, a MAC or RRC message and could be termed the “UL-DL Decoupling indication”. Such a message would need to indicate whether the UL-DL decoupling should be activated or deactivated.
Proposal 1: Consider using an HS-SCCH order to activate/deactivate E-DCH decoupling
Any fast activation/deactivation would normally be achieved using a message such as an HS-SCCH order, however due to the size of such a message it will usually only be able to provide very limited information to the UE. Hence the UE needs to be configured ahead of receiving a trigger to prepare it to operate in DL-UL decoupling with combination of small cell and macro cell.  
This is similar to the solution used for the Rel-8 UMTS Enhanced Serving Cell Change (ESCC) procedure. However the triggers and information are different for the decoupling scenario. In fact the decoupling could be viewed as a partial handover.

In order to determine when to provide the UE with decoupling pre-configuration information a ‘decoupling opportunity’ needs to have been met. A possible ‘decoupling opportunity’ event is an early version of existing trigger events, for example an early 1a event (A primary CPICH enters the reporting range).  This is done by setting the parameters in the RRC measurement control message sent to the UE by the network to allow for the event triggering earlier than in a conventional SHO region. This event could then be used to notify the network of a possible UL-DL decoupling opportunity. The RNC could then send an RRC message (likely a reconfiguration message) to the UE with the necessary preparation information for a subsequent decoupling. 
Proposal 2: To provide the UE with pre-configuration information for UL-DL decoupling. Such information would be sent to a UE when a “decoupling opportunity” event occurs.

In a similar way to supporting UL-DL decoupling, the UE also needs to support a UL-DL recoupling procedure, whereby decoupled UL & DL streams are recoupled together to a single node. This would be triggered when the UE moves out of the UL-DL imbalance region. As proposed above, if an HS-SCCH order is used to deactivate E-DCH decoupling, the network could also provide preparation information to a UE to recouple the UL and DL to the serving cell. This effectively reverses the decoupling to the previous state, simply by using an order (e.g. HS-SCCH) from the network. 
3. Conclusions
In this paper we outline some proposals for the E-DCH decoupling 
Proposal 1: Consider using an HS-SCCH order to activate/deactivate E-DCH decoupling
Proposal 2: To provide the UE with pre-configuration information for UL-DL decoupling. Such information would be sent to a UE when a “decoupling opportunity” event occurs.
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