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1 Introduction
A study item on heterogeneous networks was started during RAN#56 [1] to improve the coverage and capacity in UMTS. Heterogeneous networks consist of deployments where low power nodes (LPN) are placed throughout a macro-cell layout. In RAN1#70bis, 71, 72 and in 72bis several contributions were presented describing various heterogeneous deployment scenarios. Heterogeneous deployment scenarios can be divided into two types namely co-channel deployment and combined cell deployment. 
There are many contributions discussing the system and link simulation results and the problems associated in co-channel deployment scenarios, where it was shown that significant gains in system throughout can be achieved with co-channel deployment without any modifications in the existing 3GPP standard.  In [2], overview of combined cell deployment was presented. Link level and system level analysis of combined cell deployment were presented in previous meetings [3], [4]. 
During RAN1#72bis, few questions were raised regarding the probing pilots and CQI adjustment in combined cell when the UE is operating in spatial reuse mode. In this contribution, we address these issues raised during the previous meeting. 
2 Heterogeneous Deployment Scenarios 
We envision that the deployment scenarios for a UMTS network will be similar to those for a LTE network. For operators running both UMTS and LTE networks, a unified deployment strategy will likely be employed. In [5], two heterogeneous network deployment scenarios were defined as special cases of coordinated multiple point (CoMP) transmission for a LTE network. Thus like the LTE study item, we divide the heterogeneous deployments into two scenarios:
1. Co-Channel Deployment: In co-channel deployment, the low power nodes are deployed within the macro-cell coverage region, where the transmission/reception points created by the low power nodes have different cell IDs (different primary scrambling codes) as the macro cell. See Figure 1.  As shown in Figure 1, cells A, B and C have different primary scrambling codes, hence the same legacy procedure of cell selection etc. applies for each cell and is controlled by RNC.
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Figure 1: Low power nodes (LPNs) have different cell ids as that of the macro Node in a co-channel deployment
2. Combined Cell Deployment: In a combined cell deployment, the low power nodes are deployed within the macro-cell coverage area, where the transmission/reception points created by the low power nodes have the same cell IDs (same primary scrambling codes) as compared to the macro cell; see Figure 2. This deployment is also referred to as soft or shared cell.  As shown in Figure 2, each node belongs to the same cell and these nodes assist the macro node.
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Figure 2: A combined cell deployment, where LPNs are part of the macro cell, i.e. macro and LPNs have the same cell id. 
While each of the deployment scenarios has benefits and challenges associated with the deployment, in this contribution, we focus on the combined cell deployment.  
3 Downlink Transmission Modes in Combined Cell 
Based on the data transmission from LPN and macro nodes, we can divide the downlink transmission modes into three types. 
A.  Single Frequency Network (SFN) or Multicasting: In this mode, multiple nodes (e.g. macro and LPNs) transmit the same data to a specific UE. Hence, the signal to noise ratio of the UE can be improved.  The main idea of this mode is to combine signals over the air from all nodes by means of transmitting exactly the same pilot, control channels and data channel in downlink using the same carrier frequency and spreading and scrambling codes.  
B. Spatial Reuse: In the SFN mode, all nodes are transmitting the same downlink signal. Hence it may not give capacity gains when the traffic load is high as SFN mode is used for coverage improvement. It was shown in [6] that many nodes don’t contribute to the performance improvement; the resources from the nodes are not used effectively.  It was shown in [8], that the interference pattern in combined cell deployment is similar to that of co-channel deployment; we can use the resources from these nodes to schedule different UEs. Hence by using the resources between different UE, we can achieve capacity gains.
C. MIMO mode with spatially separated nodes: In this mode, some of the low power nodes act like distributed MIMO. i.e. MIMO transmission with spatially separated antennas.  In this mode, MIMO gains (both diversity and multiplexing gains) can be achieved. Since it is well known that distributed MIMO provides significant capacity gains (better than MIMO transmission with co-located antennas) [12], [13]. By using this approach the performance of combined cell can be increased significantly.
4 Challenges in Spatial Reuse Mode 
The main issues in combined cell are:
A. Identifying which node is better suitable for a particular UE? : In a combined cell deployment, all the nodes transmit the same common pilot (P-CPICH) and the UE computes the channel quality indicator (CQI) based on the combined pilots. Hence the central node does not know where the UE is located or which nodes should transmit data to this particular UE. This is similar to cell selection in co-channel deployment, where the UE compares the pilot strengths of each node and decide which cell is better suitable.  Since in a combined cell all the nodes have the same primary scrambling code, the UE can’t distinguish individual pilots. 

B. CQI adjustment: Since in the combined cell, the UE is receiving pilot signals from all the nodes for CQI for channel sounding (CQI computation), while data is transmitted from only one or a subset of nodes. Hence if the central node uses this CQI for link adaptation there might be possibility that a high percentage of the packets might fail during data transmission. Hence some kind of CQI adjustment is needed as explained in section 6.
5 Identifying the Best Suitable Node in Spatial Reuse Mode:
For identifying the best suitable node for data transmission, we envision two solutions. The first one is introducing new probing pilots which can be transmitted continuously at a low power level, the other one is using demodulation pilots as probing pilots with higher power.   The exact design of these pilot can be discussed during the work item.  

Solution I: 

Figure 3 shows the message sequence chart of this method. Assume that a combined cell deployment consists of 4 Nodes serving multiple UEs (The same procedure applies if the number of nodes is more than 4 or less than 4).  A reference signal which is unique to each node in a combined cell called fractional CPICH (F-CPICH) is transmitted from each node simultaneously and continuously.  The F-CPICH is characterized by a spreading code (typically SF= 256) and a scrambling code which is either the primary scrambling code or a secondary scrambling code of the combined cell.  The F-CPICH channel power levels may be indicated to the UE during the initial cell set up. In addition to F-CPICH, the primary common pilot (P-CPICH) which is common to all the nodes is continuously transmitted. From these two different pilot signals, the UE estimates the channel and feeds back the channel quality information (CQI) associated with these two pilots at two time intervals. Note that the CQI estimated with F-CPICH indicates the channel quality corresponds to the specific node, referred to hereafter as CQIF, and the CQI computed using P-CPICH is the channel quality using the combined nodes, referred to hereafter as CQIP. These two CQIs are time multiplexed and sent on the uplink feedback channel HS-DPCCH. The same HS-DPCCH signal is received by all the nodes. The central processing unit processes the received signal (HS-DPCCH) from all the nodes.  From CQIF the central scheduler identifies which node the UE is close to.  Hence the scheduler informs the respective node to transmit to the UE. The assigned node transmits the demodulation pilot channel (D-CPICH), downlink control channel (HS-SCCH) and the downlink traffic channel (HS-PDSCH) to the respective UE.  Similarly, the central scheduler informs the other nodes to transmit to the other UEs. Note that D-CPICH and F-CPICH use different spreading codes and may have different power levels. For example, the power level of F-CPICH may be relatively low and D-CPICH may be relatively high.  Note that the exact design of probing pilots can be discussed during the work item phase
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Figure 3 Message sequence chart between the Nodes and the UE using F-CPICH.
Solution II: 

Figure 4 shows the message sequence chart of this solution. Assume that a combined cell deployment consists of 4 Nodes serving multiple UEs (The same procedure applies if the number of node is more than 4 or less than 4). Instead of probing pilots, demodulation pilots are used from each node. In addition, all the nodes transmit the same pilot signal P-CPICH. Note that channel sounding for CQI estimation is done on D-CPICH.  From the D-CPICH signal, the UE estimates the channel and feeds back the channel quality information (CQI). The CQI information is sent in HS-DPCCH. The same HS-DPCCH signal is received by all the Nodes.
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Figure 4 Message sequence chart between the Nodes and the UE using D-CPICH.
The central processing unit processes the CQIs and identifies which node(s) the UE is closest to. Hence the scheduler informs the respective node to transmit to the UE. The assigned node transmits the downlink control channel (HS-SCCH) and the downlink traffic channel (HS-PDSCH) to the respective UE. Note that in this solution, D-CPICH needs to be continuously transmitted from each node. Since D-CPICH needs a higher power as it is used for data demodulation, we predict that this solution is power inefficient. Hence we recommend Solution I.
Proposal 1: We prefer Solution I, as this is more power inefficient.

6 CQI Adjustment

As mentioned in section 4, since CQI reported by UE is not reliable as it is computed based on combined pilots, i.e CQI is over estimated in combined cell.  Since the UE cannot distinguish the pilots from each node during sounding (same P-CPICH), CQI adjustment or compensation is needed at the network scheduler.  

The idea behind this CQI adjustment is to remove the SINR contribution in dB from the combined SINR which is possible using probing pilots. 
Proposal 2: CQI adjustment is possible with probing pilots. 
7.  Conclusions
In this contribution, we outlined the issues and solutions for spatial reuse mode for combined cell deployment.
Proposal 1: We prefer Solution I, as this is more power inefficient.

Proposal 2: CQI adjustment is possible with probing pilots. 
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