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1 Introduction

The main objective of the Heterogeneous Networks study item [2] is to improve the coverage and capacity in UMTS. In [1] the mobility issues for the combined cell deployment in a heterogeneous network were analysed and discussed. 

This contribution describes handovers between cells for the combined cell deployment in a heterogeneous network. It also gives an example of how transmission node selection can be done within a combined cell.  
2 Combined Cell Deployment in Heterogeneous Networks

2.1 Network structure of the combined cell

The deployment of low-power nodes (LPNs) is seen as an efficient solution to meet continuously increasing demand for mobile broadband services. A LPN can be one of the spatially separated transmit-receive points in the cell, where a LPN  may correspond to a remote radio unit (RRU), pico or micro base station, allowing expansion of the network capacity in a cost-efficient way. In a combined cell deployment, one or more LPN are deployed within the macro-cell coverage area, where the transmission/reception points created by the LPNs have the same L3 cell identity (same primary scrambling code) as compared to the macro cell, see Figure 1. In this example, Macro cell A, LPN B, LPN C and LPN D share the same primary scrambling code PSC1. The LPNs within a combined cell are often referred to as remote radio units (RRUs).
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Figure 1: A combined cell deployment, where Macro and LPNs have the same L3 cell identity
2.2 Selection of the transmission mode and transmission node 
There are three types of downlink transmission modes in combined cell deployment, Single Frequency Network (SFN) mode, Node Selection with Spatial Reuse (SR), and MIMO mode with spatially separated nodes [3]. Combined cell deployments can complement co-channel deployment to improve the operation and performance of a heterogeneous network.
The transmission mode or (and) transmission node is wholly controlled by the central scheduler, which is a separate physical entity could be located remotely from the Macro base station or LPNs, or co-located with either Macro base station or one of the LPNs. The selection of the transmission mode or (and) transmission node(s) are executed by the central scheduler on TTI basis. 
2.2.1 Signalling transmission in SFN mode

In SFN mode implementation, all nodes in the combined cell transmit exactly the same signals on the pilot channels, downlink control channels and downlink data channels using the same carrier frequency, spreading and scrambling codes in the downlink radio channels. 

2.2.2 Signalling transmission in SR mode

In SR mode implementation, the most suitable transmission node to perform the data transmission in the combined cell is selected. The switching between nodes within a combined cell does not require a handover since all nodes in the combined cell share the same cell ID. 
Pilot solutions for the SR mode will be further discussed during the work item phase. One solution as proposed in [4] is described below. Each low power node has its separate F-CPICH (Fractional CPICH) and D-CPICH (Demodulation or Dedicated CPICH) which are different from the Macro base station. A UE periodically measures the F-CPICHs from the neighboring LPNs. Upon the reception of the UE’s measurement reports, the central scheduler entity selects the most suitable transmission node based on the measured DL radio channel quality. 
The selected transmission node will transmit D-CPICH and data to the UE. The UE can use the received D-CPICH as a reference and perform the HS-PDSCH reception accordingly. The selection of the transmission node could be executed on a TTI basis. An example is illustrated in Figure 2, where the UE sees (through F-CPICH measurements) that F-CPICH3 is the best value, and consequently the central node determines RRU3 as a transmission node for the UE. 
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Figure 2: F-CPICH central node determination in combined cell deployment
2.2.3 Signalling transmission in MIMO mode with spatially separated nodes

In the MIMO transmission mode with spatially separated nodes, the combination of the nodes acts like distributed MIMO, i.e. MIMO transmission with spatially separated nodes. This mode could be applied together with the spatial reuse mode in parallel. For example, some nodes can be selected together with the Macro node to apply distributed MIMO. The rest of the nodes could be applied with the spatial reuse mode. In this mode, it is expected that in addition to the spatial re-use gains, MIMO gains (both diversity and multiplexing gains) are possible. Hence this mode can be used for capacity improvement when there are many MIMO capable UEs in the combined cell.  
3 Mobility aspects in Combined Cell Deployment
3.1 Serving cell Change

In the combined cell deployment, the UE monitors all P-CPICHs from all nodes (the Macro base station and LPN’s) in the combined cell. Thus, the UE will combine the reception from all nodes and perform the measurement for the serving cell and also the neighbour cell based on the combined signal. The UE measurement procedure in the combined cell is illustrated in Figure 3 below. 

It is important to note that a UE does not perform HO when it moves within a combined cell. The HO to the target combined cell will be triggered only when the measurements based on the combined P-CPICH from the target combined cell (P-CPICH-B in the example in Figure 3 below) satisfy the 1D event criteria.    
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Figure 3: The UE measurement procedure in the combined cell deployment
3.2 HO Signalling Transmission in combined cell
It is beneficial to choose the most suitable transmission mode for HO signalling. The legacy UEs can use the SFN mode since they do not support the other transmission modes. 
For new release UEs, the SFN mode could also be chosen when the UE locates at the positions with bad coverage or does not have a LPN nearby. In SFN mode, the HO signalling transmission occurs over multiple nodes in parallel where further robustness of the HO reception can be achieved. 
When a new release UE is in the coverage area of any LPN, it is beneficial to use the spatial reuse mode to transmit the HO signalling. In this case, the transmission node is chosen based on F-CPICH measurements as described in section 3.1.  Compared to the SFN mode, the spatial reuse mode improves the system capacity [4]. 

The selection of the transmission nodes can be switched on a TTI basis. Hence, the transmission node or transmission modes could be different for different RLC (re)transmission attempts for the same HO signalling message. For example, the first transmission attempt could use the spatial reuse mode, and the next retransmission attempt might use the SFN mode involving multiple nodes for transmission. An example for the mode and node selection is illustrated in Figure 4 below. 
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Figure 4: example for mode and node selection for handover signalling delivery in a combined cell deployment
3.3 Mobility Examples in combined cell deployment
Several examples are given in this section to clarify the mobility aspects for the combined cell deployment. Possible signalling exchanges in combined cell are explained and compared to the Macro only and co-channel deployments. Hence, the benefit of the combined cell deployment in terms of the mobility performance is highlighted. 

3.3.1.1 Mobility example for combined cell spatial reuse compared to Macro only
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Figure 5: Mobility example for combined cell spatial reuse compared to Macro only
In this example, as shown in figure 5, the UE moves from the Macro cell 1 to the Macro cell 2. 
In the Macro only case, all HO signalling messages from the source Macro cell 1 would be transmitted over the radio connection to the UE. When the UE moves close to the Macro cell 2, the Active Set Update (ASU) message might be triggered for the Macro cell 2 so that Macro cell 2 can be added into the active set (AS). This message could possibly be transmitted to the UE without errors, since Macro cell 1 is able to provide a good connection. When UE moves further close to Macro cell 2, the serving cell change command is triggered upon the detection of the 1D event. In the enhanced serving cell change (ESCC) procedure, the serving cell change command is transmitted from the connection to Macro cell 1, and in parallel the L1 HS-SCCH order carrying the indication of the target cell change will be also transmitted to the UE from the target cell, i.e., Macro cell 2. With the ESCC procedure, the success of the HO is most probably well guaranteed. However, the transmission of the HO signalling in the source Macro base station might require a high power if UE is at a position with bad coverage in the Macro cell 1. 
However, if the macro cells are deployed as combined cells and the UE is located near a LPN, the central scheduler would choose the spatial reuse mode to deliver the HO signalling over the radio connection via the LPN node to which the UE is close. The nearby LPN provides a better coverage than Macro cell 1. Hence, all HO signalling messages would be transmitted from the LPN (instead of the Macro cell link) with lower transmission power that could still guarantee the successful transmission. This results in a resource(s) and power saving for the Macro base station, and therefore more UEs could be served in the Macro cell. This is beneficial to the system capacity. 
Conclusion 1: In SR mode, selecting the node which has the best geometry (SINR) to transmit HO signalling will increase the robustness of the HO performance and improves the resource utilization of the Macro cell. 
3.3.1.2 Mobility example for combined cell SFN compared to Macro only
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Figure 6: Mobility example for combined cell SFN compared to Macro only
In this example, the UE moves from the Macro Cell 1 to the Macro Cell 2 as shown in Figure 6. The signalling exchange in the Macro only scenario is the same as the example in 3.3.1.1. However, in the combined cell deployment, the SFN mode is chosen by the central scheduler for the signalling transmission. In this case, the signalling messages of the HO from combined cell to another cell are transmitted over the multiple links in parallel instead of the transmission being carried only over the source Macro cell link, as in the Macro only scenario. The transmission robustness for the signalling messages of the HO from combined cell to another cell is improved due to the combined reception from multiple links.
Conclusion 2: SFN mode improves the transmission robustness for HO signalling in combined cell deployment.
3.3.1.3 Mobility example in the combined cell compared to the co-channel deployment
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Figure 7: Mobility example in the combined cell compared to the co-channel deployment

The third example as shown in Figure 7, the UE moves around in the Macro cell deployed together with several LPNs. In the co-channel deployment scenario, several HOs could be triggered when the UE follows a track as shown in figure above. As a comparison, there are no HOs required when the UE follows a similar track within the coverage of the combined cell. This gives lower signalling overhead and fewer HO interruptions to the data transmission. Therefore, the UE performance is improved.
Conclusion 3: In combined cell deployment, no HO occurs within the combined cell, hence fewer HOs triggered compared to the co-channel deployment.
3.3.1.4 Mobility example between the combined cells compared to co-channel
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Figure 8: Mobility example between the combined cells compared to co-channel
In the fourth example as shown in Figure 8, the UE moves from Macro cell 1 to Macro cell 2 across the SHO area. It is assumed that there are LPNs deployed in the SHO area. Within the SHO area, two locations (Location 1 and 2) are marked in blue colour in Figure 8 for a simple explanation of the procedure. 
In the co-channel deployment, the UE would have to perform HO from the Macro cell 1 to the LPN when UE moves close to Location 1. Later, UE would have to perform a second HO from the LPN to the Macro cell 2 when UE moves close to Location 2. The UE may fail to execute the second HO, especially when the UE moves at a high speed since the UE connection to the LPN may degrade rapidly. 
However, in the combined cell deployment, the UE would require only one HO, i.e. HO from combined cell 1 to cell 2 (where cell 2 could be a Macro or a combined cell). It is easier to guarantee a successful serving cell change since there is no HO involved between Macro cell 1 and the LPN. 
Conclusion 4: The robustness of the serving cell change is improved in combined cell deployment compared to co-channel deployment, since there is no HO within the combined cell.
4.  Conclusion

RAN2 is kindly asked to discuss and agree on the following conclusions:

Conclusion 1: In SR mode, selecting the node which has the best geometry (SINR) to transmit HO signalling will increase the robustness of the HO performance and improves the resource utilization of the Macro cell.
Conclusion 2: SFN mode improves the transmission robustness for HO signalling in combined cell deployment.
Conclusion 3: In combined cell deployment, no HO occurs within the combined cell, hence fewer HOs triggered compared to the co-channel deployment.
Conclusion 4: The robustness of the serving cell change is improved in combined cell deployment compared to co-channel deployment, since there is no HO within the combined cell.
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