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1 Introduction

The main objective of Heterogeneous Networks study item [1] is to improve the coverage and capacity in UMTS. 

To improve the coverage and capacity in UMTS heterogeneous networks, the deployment of low-power nodes (LPNs) is seen as an efficient solution to meet continuously increasing demand for mobile broadband services. A LPN may correspond, for example, to a remote radio unit (RRU), pico, or micro base station, allowing expanding the network capacity in a cost-efficient way. A network consisting of traditional macro NodeBs and LPNs is referred to as a heterogeneous network. To maximize spectrum usage, it is desirable for the traditional macro NodeB and LPNs to share the same frequency – the so-called co-channel deployment. However, it is important for the different nodes in this case to manage the interference. A LPN can form a separate cell by itself or be one of the spatially separated transmit-receive points in the cell. The latter case is referred to as a combined cell concept, with one cell over several separated transmission points. Both co-channel and combined cell deployments are important scenarios for heterogeneous networks, and they can complement each other to improve the operation and performance of a heterogeneous network.

In this contribution, mobility issues for the combined cell deployment in a heterogeneous network are analysed and discussed. 

2 Combined Cell Deployment in Heterogeneous Networks
In a combined cell deployment, one or more low power nodes 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.
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Figure 1: A combined cell deployment, where Macro and LPNs have the same L3 cell identity 
There are three types of downlink transmission modes in combined cell deployment, Single Frequency Network (SFN) mode, Node Selection with Spatial Reuse and MIMO mode with spatially separated nodes, [2].
3 Mobility Issues Addressed by Combined Cell Deployment
3.1 Primary scrambling code allocation and confusion
The Primary Scrambling Code (PSC) configured for a cell is used as an identifier in mobility related procedures. Hence, it is important for a UE that the neighbouring cells are configured by different PSCs in order to unambiguously identify a cell and correctly perform handover (HO) between cells. 

The number of deployed cells in a UMTS system could be more than the available PSC resources; consequently, it is necessary to reuse PSC code between cells which are enough isolated. 
Since in a combined cell deployment the LPNs deployed within the combined cell coverage area have the same primary scrambling code, then only one PSC is needed for macro and all LPNs that are deployed within the combined cell coverage area in combined cell. Hence, there is a significant benefit with combined cell deployment to avoid the PSC confusion problem, especially when the number of LPNs is increased within the combined cell coverage area. This will facilitate to decrease the network cell planning complexity.
Conclusion 1: In combined cell deployment, the introduction of LPNs does not increase the PSC confusion problem.
3.2 Neighbour cell list size limitation

Since in a combined cell deployment the LPNs deployed within the combined cell coverage area have the same L3 cell identity as the macro cell, from RNC perspectives, the entire combined cell is considered as one L3 cell identity. Consequently the current NCL size would be enough and there is no need to extend the NCL with combined cell deployment in heterogeneous networks. Moreover, there is no impact on RAN4 requirements to identify intra-frequency measurements.
Conclusion 2: In combined cell deployment, no new cells need to be added in NCL; hence NCL size does not need to be increased.
4 Hand over aspects in Combined Cell Deployment  

As described earlier, in a combined cell deployment the LPNs deployed within the combined cell coverage area have the same L3 cell Identity as the macro cell; consequently from RNC point of view no handover is required between two LPNs or between a LPN and the macro cell within a combined cell coverage area. This benefit is especially important for a UE moving at high speed within the coverage of combined cell where the HO performance is a vital factor. Hence, in combined cell deployment the introduction of LPNs does not affect negatively the number of HOs triggered when UEs move through the Macro cell coverage area. Hence, the total number of HOs triggered in combined cells could be comparable to Macro only networks. 
Conclusion 3: In combined cell deployment, no HO occurs between LPNs or between a LPN and the macro cell within the coverage of combined cell. Hence, the introduction of LPNs does not affect negatively the number of HOs in combined cell compared to Macro only networks. 
In combined cell, UL reception would be typically more robust due to a better UL transmission diversity (the same data can be received and combined from all nodes in the combined cell). This should help to improve the HO signaling transmission in UL. For example, the transmission for the measurement reports and the acknowledgement messages for DL HO commands can be improved. In DL, the SFN transmission mode is beneficial to improve the HO command or ASU message delivery in coverage limited area. If the spatial reuse mode is chosen, UEs can monitor multiple DL links established between UE and nearby nodes. The central scheduler entity will typically choose the best DL link for the data transmission based on the criteria for example, pathloss or CQI feedback, [3]. The closest LPN node might provide a better DL connection than Macro serving link. This could help to improve DL HO signaling delivery. 
Conclusion 4: In combined cell deployment, the negative impact on HO performance due to the deployment of LPNs in a Macro cell could be improved, which is especially important for a high speed UE.
5 UE discovery and identification of LPNs in Combined Cell Deployment
In a combined cell deployment the macro cell and LPNs that are deployed within the combined cell coverage area will have the same L3 cell identity, and consequently the UE only needs to discover and identify the combined cell (which includes LPNs deployed within the combined cell coverage area). There is no need to discover and identify each LPN individually. Hence, as far as cell discovery and identification are concerned, the UE will behave as it is in a macro-only network. According to the specification [4], the inter-frequency measurement will be activated only when the measurement of the current serving combined cell frequency is below a threshold (event 2d).
Conclusion 5: In combined cell deployment the UE will discover and identify combined cells as per legacy macro cell in non-heterogeneous networks.
4.  Conclusion

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

Conclusion 1: In combined cell deployment, the introduction of LPNs does not increase the PSC confusion problem.
Conclusion 2: In combined cell deployment, no new cells need to be added in NCL; hence NCL size does not need to be increased.
Conclusion 3: In combined cell deployment, no HO occurs between LPNs or between a LPN and the macro cell within the coverage of combined cell. Hence, the introduction of LPNs does not affect negatively the number of HOs in combined cell compared to Macro only networks. 
Conclusion 4: In combined cell deployment, the negative impact on HO performance due to the deployment of LPNs in a Macro cell could be improved, which is especially important for a high speed UE.
Conclusion 5: In combined cell deployment the UE will discover and identify combined cells as per legacy macro cell in non-heterogeneous networks.
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