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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 (LPNs) are placed throughout a macro-cell layout. In RAN1#70bis, RAN1#71 and RAN1#72, 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 the co-channel deployment scenario, where it was shown that significant gains in system throughout can be achieved with the co-channel deployment without any modifications in the existing 3GPP standard. In [2], we presented an overview paper on combined cell where we introduced different transmission modes and compared to the co-channel deployment. As mentioned in [2], in addition to the co-channel deployment scenario, we view combined cell as an important deployment scenario for achieving significant gains in coverage and capacity in UMTS networks. 
In this contribution, we address the remaining aspects of combined cell which were brought up during and after RAN1#72 meeting.  We would like to mention  that  in our view both co-channel and combined cell are two integral parts of heterogeneous networks as shown in Figure 1, and  based on deployment scenario any one of these two schemes can be used.




2 Interference Avoidance in Combined Cell
One salient feature in the combined cell deployment is that it is possible to avoid interference when the UE is in the vicinity of high interference. Assume that a UE is in the vicinity of a strong interference, and then the central scheduler can decide to transmit the same signal from the relevant nodes to the specific UE in any TTI.  By doing this the desired signal is constructively added, while the interference signal may be added destructively, and as a result the SINR is boosted for the specific UE in that TTI.  Figure 2 shows the message sequence chart when the UE is served by only node.
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Figure 2 Message sequence chart between a UE with the various nodes in the Spatial Reuse mode with demodulation pilot solution. Note that the UE is served by only one node for data transmission.
Figure 3 shows the message sequence chart when the UE is served by two nodes. Note that this solution can be used to mitigate the interference (similar to cell range expansion area in co-channel deployment). Note that the same D-CPICH is transmitted from both nodes. Also HS-SCCH and HS-PDSCH are also transmitted from both nodes.
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Figure 3 Message sequence chart between a UE with the various nodes in the Spatial Reuse mode with demodulation pilot solution to avoid interference. Note that the UE is served by two nodes for data transmission.
3 Multiplexing Gain in Spatial Reuse Mode
It can be seen from Figure 3 that, to avoid interference the two nodes transmit the same signal. One interesting question is - can the UE receive two different data streams in the spatial reuse mode? Theoretically, it is possible to receive data from two different nodes. This is possible in the distributed MIMO mode as explained in [2]. We show here the message sequence chart in the spatial reuse mode where the UE can receive different data from two nodes. As shown in Figure 4, the UE is served by Node 2 and 3. Note that two different demodulation pilots are needed to differentiate the data from two nodes. A CQI adjustment can be made according to the method described in [3].
 [image: image3.emf]
Figure 4: Message sequence chart between a UE with the various nodes in the Spatial Reuse mode with a demodulation pilot solution for achieving the multiplexing gain. Note that the UE is served by two nodes for data transmission.
4.  Conclusions
In this contribution, we address some of the remaining aspects of the combined cell deployment with the spatial reuse mode. We show by a message sequence chart how the UE can avoid interference by being served from two nodes. We also use a message sequence chart to show that spatial multiplexing gains can be achieved with the spatial reuse mode.  

11. References

[1]
RP-121436, “Proposed SID: Study on UMTS Heterogeneous Networks”, Huawei, HiSilicon, Qualcomm Incorporated, Ericsson, ST-Ericsson, Telecom Italia, Teliasonera, Orange, Telefonica, Nokia Siemens Networks. 
[2]
R1-130610 “Overview of Combined Cell Deployment in Heterogeneous Networks”, Ericsson, ST-Ericsson

[3]  
R1-131538  “Link Level Performance of Spatial Reuse Mode with Demodulation Pilots and CQI Adjustment in a Combined Cell Deployment”, Ericsson, ST-Ericsson

Heterogeneous Networks





Figure � SEQ Figure \* ARABIC �1�: Heterogeneous networks with both co-channel and combined cell are deployed based on the scenario. 
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