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1. Introduction
At RAN2#82, the mobility aspects for combined small cell deployment were discussed a little bit. In this contribution, we shall continue discussing such co-channel deployment.
2. Discussions
If there is one LPN cell deployed within some macro cell coverage, and sharing the same Cell id/PSC as that co-channel macro cell, it can be defined as combined small cell deployment. The large scale of combined small cell deployment does not challenge the legacy NCL size limitation, or cause any potential PSC confusion, and the other relevant mobility merits were already presented in [3]. It is worth noting that the combined small cell deployment is not mutually exclusive with normal co-channel deployment, and they can be applied in different scenarios.
For whatever type of UMTS HetNet mobility enhancements except combined cell technique, they will be mainly applicable for Rel-12 onwards UEs. While for most legacy UEs, they are still confronting negative issues such as degraded RL robustness and small cell discovery inefficiency etc. Hence, combined cell technique seems more suitable for UEs of early releases in general.
Merit 1: Combined cell technique for solving UMTS HetNet mobility specific issues is more suitable for early release UE than any other solution.
For comprehensive NW performances boosting and NW energy saving purposes, operators may deploy small cells in more dynamic manner than macro cell case. With (de)activating each small cell online, the NR (neighbour cell relations) needs to be updated accordingly. Experiences told us such NR maintaining work is rather burdensome in practice, so in Rel-10 3G ANRF was introduced and specified to facilitate operators in that regard. With combined cell deployment, above concern can be much relieved, so it can be fairly attractive for operators.
Merit 2: Combined cell technique can greatly relieve NR maintaining work for operators.
There has been some SFN mode combined cell deployment in-field, with its focus at improving co-channel macro cell’s coverage instead of boosting its capacity. Mimic to legacy 2x2 MIMO operations, where the two TX/RX antennas are co-sited as shown in Figure 1 below, the macro and its co-channel small cell can also form new kind of spatially separated MIMO operation as shown in Figure 2 below, so that the DL channel code resources can be reused to some extent.
[image: image1.png]P-CPICH
S-CPICH





Figure 1: Legacy 2x2 MIMO operation with co-sited two TX/RX antennas
In Figure 1, it can be assumed that the primary TX antenna is transmitting P-CPICH while the secondary TX antenna is transmitting S-CPICH with similar power as that for primary TX antenna, and within the whole macro cell coverage area, the DL channel code resources are reused between the two TX antennas, so that the macro cell’s capacity can be boosted. UE can perform single/dual stream reception within the whole macro cell. It is worth highlighting that the boosted capacity part due to secondary TX antenna is allocated over the whole macro cell coverage area in spread manner.
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Figure 2: Spatially separated MIMO operation with coordinated antennas

In Figure 2, it can be assumed that the primary TX antenna for macro cell is still transmitting P-CPICH while the secondary TX antennas for several small cells are transmitting S-CPICHs with much smaller power only in some small areas, and only within these small cells, the DL channel code resources are reused. The small cell A and B are playing the roles of secondary TX antenna paired to the primary TX antenna for macro cell. Via implementation level interfaces, if the small cells and macro cell can exchange control and data information quickly enough as if they were co-sited, then NW and UE can perform MIMO alike operation; otherwise NW and UE may perform inter-site multi-flow alike operation. It is worth highlighting that the boosted capacity part due to secondary TX antennas is concentrated within the small cell coverage areas in focused manner. Hence, with the same objective RF conditions, the combined small cell deployment in spatially separated MIMO mode should be able to provide as good capacity gain as normal co-channel deployment theoretically, but from L3 mobility perspective, combined cell technique does not bring more negative impacts than the legacy MIMO operation within macro cell.
Merit 3: Combined cell technique can provide as good capacity gain as co-channel deployment and similar mobility performances as legacy MIMO operation.
Last but not the least, there is one remarkable mobility merit for UE with combined cell deployment. As either legacy MIMO or spatially separated MIMO or inter-site multi-flow operation can only be operated in Cell_DCH state, hence UE in Non-Cell_DCH state is always camping on macro cell and does not need to measure combined small cells within macro cell (As if not listen to secondary TX antennas), hence UE does not need to perform cell reselection towards those combined small cells; for co-channel deployment case in contrast, UE needs to measure co-channel small cells within macro cell continuously, and this leads to unnecessary battery cost quite often. In Cell_DCH state, UE needs to measure combined small cells within macro cell (As if listen to secondary TX antennas).
Merit 4: Combined cell technique helps UE to save battery life by avoiding unnecessary combined small cell measurement in Non-Cell_DCH state.
As general conclusions, despite of much RAN1 complexity, combined small cell deployment shows manifold merits from RAN2 mobility perspective, and should be further studied and specified.
Proposal 1: To acknowledge those manifold merits for combined cell technique listed above.
Proposal 2: To study and specify combined cell technique further.
3. Conclusions
In this contribution, we made further thoughts on mobility aspects for combined cell technique and would kindly ask RAN2 to consider following proposes:
Proposal 1: To acknowledge those manifold merits for combined cell technique listed above.

Proposal 2: To study and specify combined cell technique further.
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