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1 [bookmark: _Ref272754064]Introduction 
A new Rel-11 Study Item was approved at RAN#51 [1]. And one of key objectives of the SI is to improve the mobility robustness in HetNet LTE networks.
Objectives to improve the mobility robust in HetNet LTE networks from [1]:
· Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks. Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account. (RAN2, RAN3)
· Robust mobility functionality under various supported assumptions for the availability of UE measurements (including DRX functionality) shall be ensured/taken into account as well as UE power consumption and complexity (RAN2, RAN4)
In this contribution, some mobility performance enhancement solutions for co-channel HetNet deployment are analysed and discussed, taking different cell-sizes into account.
2 Discussion
2.1 Overview of the different handover regions
In the following analysis of the handover regions, a kind of ideal analysis model regardless of shadow fading and fast fading is used. And the analysis model takes only the co-channel source cell and target cell into consideration. Other influential factors, e.g. interference from other cells or the impact of cell load are not considered here.
And according to 36.814[2], heterogeneous deployments consist of deployments where low power nodes are placed throughout a macro-cell layout. Four types of low power nodes are defined there: RRH, Pico, HeNB and Relay. In this contribution, when analysing the handover region of the HetNet LTE networks, the deployment of macro-pico is considered.


[bookmark: _Ref299962072]Figure 1 HO region
Figure 1 is the illustration of HO region between the source cell and the target cell. The handover should be performed no earlier than position A (e.g. A3 event triggered, Ptarget-Psource≥A3_offset) and no later than position B (i.e. PDCCH will be of outage). 
A method to calculate the handover region is given in Annex. With formula (4) and formula (5), the size of HO region for different kinds of source cell and target cell is calculated and shown in Table 1.
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	size of HO region

	MacroMacro
	

	PicoPico
	

	MacroPico
	

	PicoMacro
	

	note1: 
note2: ISD is the Inter-site distance of the corresponding source cell and target cell


[bookmark: _Ref299978934]Table 1 the size of HO region for different kinds of source cell and target cell
From the calculated results in Table 1, we can see that even with an extreme assumption that ISD1=ISD2=ISD3=ISD4, the size of HO region with different source and target cell type (e.g. source cell is macro and target cell is pico) is much smaller than the size of HO region with the same source and target cell type (e.g. source cell is macro and target cell is macro). And if consider the real situation, the fact is that ISD2/ISD3/ISD4 is much smaller than ISD1. Take the illustration in Figure 2 for example. We can get the actual size of HO region for Table 1, which is shown in Table 2. The results in Table 2 shows that the HO region depends on the cell type as well as the ISD of the source cell and target cell and that the size of HO region between macro and pico is far smaller than the size of HO region between macro and macro.
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	source  target
	size of HO region (unit: m)

	MacroMacro
	

	PicoPico
	

	MacroPico
	

	PicoMacro
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Observation: The size of HO region depends on the cell type as well as the ISD of the source cell and target cell. And typically the size of HO region with different source and target cell type is much smaller than the size of HO region with the same source and target cell type.
2.2 Mobility performance enhancement
From the analysis above, typically the size of HO region with different source and target cell type is much smaller than the size of HO region with the same source and target cell type. In this case, if the traditional handover mechanism for homogeneous network is applied for the HetNet network, the handover failure rate and/or ping-pong rate will be deemed to increase. To tackle this, there will be two general wayforwards to improve the mobility performance in HetNet network:
Alt1: Speed up the handover procedure
Alt2: Expand the handover region
Proposal1: Consider and discuss the two general wayforwards to improve the mobility performance in HetNet network.
Some solutions for the two general wayforwards to improve the mobility performance in the HetNet deployment will be discussed in the following.
Alt1: Speed up the handover procedure
Assuming a UE of 30km/h speed is moving across a HO region between source cell and target cell. Take the size of HO region of scenario MacroMacro and MacroPico illustrated in Table 2 for instance. As indicated in Figure 3, with the assumption that the ISD between source macro and target pico is 125m, then the size of HO region will be 2.375m. In this situation, for the UE of 30 km/h speed, the UE will pass through the HO region in 285ms. While consider the scenario of MacroMacro, the UE will take at least 2700ms to pass through the HO region, with the assumption that the ISD between source macro and target macro is 500m. 


[bookmark: _Ref300061979]Figure 3 illustration of the time UE pass through the HO region
A normal handover procedure includes mainly the following three steps:
1. UE send Measurement Report: e.g. A3 event is triggered and a time of TTT elapses, during which time the A3 event maintains. The time of TTT varies from 0ms to 5120ms.
2. HO preparation between the source cell and target cell: the handover preparation delay will be dozens of ms, e.g. 50ms [3].
3. UE receives the HO command and accesses the target cell.
To suppress the impact of fading, TTT is introduced to make the measurement results reported by UE with sufficient stability. For the traditional homogeneous network, as analysed above, for a 30km/h UE, it will take at least 2700ms to pass through the HO region. Exclude the 50ms handover preparation time, the eNB could set a long TTT (e.g. 480ms) for the trigger of measurement report. While for the HetNet network, as illustrated above, the UE will pass through the HO region in 285ms. Now the TTT is valid for all the neighbour cells on a frequency. If the long TTT for the traditional homogeneous network is applied for the scenario MacroPico, it is evident that the handover command will be out of range and the UE will suffer a handover failure. 
Compared to the HO region between the same type of source cell and target cell, the HO region between different type of source cell and target cell is much smaller. So, it is reasonable to adopt different TTT for different size of HO region, e.g. longer TTT for larger HO region while shorter TTT for smaller HO region to speed up the handover procedure of HetNet network. The eNB could configure different TTT for different size of HO region considering the type and ISD of specific source cell and target cell. Or the UE could make some scaling of the configured TTT, with regarding to the the type and ISD of specific source cell and target cell. 
The restriction of adopting short TTT for HetNet mobility is that it may decrease the suppression of channel fading and thus some simulation should be carried out to evaluate the effect of mobility performance enhancement. Besides, the solution may also increase the complexity in the eNB or UE.
Proposal2: One possible solution to speed up the handover procedure of HetNet network is to adopt different TTT for different size of HO region, e.g. longer TTT for larger HO region while shorter TTT for smaller HO region.
Alt2: Expand the handover region
As analysed above, the HO region with different source and target cell type is much smaller than the size of HO region with the same source and target cell type. So another intuitive way is to expand the HO region of the scenario with different source and target cell type. The following is two possible solutions to expand the HO region.
Alt2-1: Adopt different A3_offset for different size of HO region, e.g. reduced A3_offset compared to the A3_offset applied in the homogeneous network


[bookmark: _Ref300068342]Figure 4 expanded HO region for HetNet, adopting adjusted A3_offset
One possible way to expand the HO region of HetNet is to adopt adjusted A3_offset (e.g. reduced A3_offset compared to the offset used in homogeneous network), which is illustrated in Figure 4. Similar to Alt1, to make this solution work, the eNB could configure different A3_offset for different size of HO region considering the type and ISD of specific source cell and target cell. Or the UE could make some scaling of the configured A3_offset, with regarding to the type and ISD of specific source cell and target cell.
The restriction of adopting adjusted A3_offset for HetNet mobility is that the artificial extension of the HO region should be controlled in a reasonable range or there may be more handover failure and/or ping-pong handover introduced on the contrary. Thus some simulation should be carried out to evaluate the effect of mobility performance enhancement. And besides, the solution may also increase the complexity in the eNB or UE.
Alt2-2: Stop DL transmission or reduce DL transmission power in some subframes in the target cell to expand the HO region of HetNet
As illustrated in Figure 3, for a UE approaching from macro to pico, the received signal strength from the pico cell increases rapidly thus the signal strength increment from the pico cell is quite bigger than the signal strength decrement from the macro cell. Therefore, the UL scheduling of the measurement report (MR) and/or the DL scheduling of handover command is likely to be interfered by the pico cell. That is, once the UE enters into the HO region, the pico cell becomes an aggressor and the macro cell is the victim. To tackle this, if the pico cell stops DL transmission or reduces DL transmission power in some subframes and the macro cell schedules the MR and HO command in these subframes accordingly, in this way, the HO region is actually expanded and thus the MR and handover command will be protected from the interference of the target cell.
To make this solution work and have as little impact on the capability of the target cell as possible, some methods of how and when to stop DL transmission or reduce DL transmission power in some subframes in the target cell should be studied carefully, which may introduce more complexity in the source and target eNB. And besides, some simulation should also be carried out to evaluate the effect of mobility performance enhancement.
Proposal3: One possible way to expand the HO region is to adopt different A3_offset for different size of HO region, e.g. reduced A3_offset compare to the A3_offset applied in the homogeneous network. And another possible way to expand the HO region is to stop DL transmission or reduce DL transmission power in some subframes in the target cell.
	wayforwards
	alternatives
	pros
	cons

	Speed up the handover procedure
	Alt1
	Adopt different TTT for different size of HO region, which could ensure the mobility robustness taking different HO region into consideration.
	1. May decrease the suppression of channel fading.
2. May increase the complexity in the eNB or UE

	Expand the handover region
	Alt2-1
	Adopt different A3_offset for different size of HO region to ensure the mobility robustness, which have no impact on the specification.
	1. The artificial extension of the HO region should be controlled in a reasonable range or there may be more handover failure and/or ping-pong handover introduced on the contrary.
2. May increase the complexity in the eNB or UE

	
	Alt2-2
	Stop DL transmission or reduce DL transmission power in some subframes in the target cell. The MR and/or HO command will be protected from the interference and thus make the handover more robust.
	1. May have impact on the capability of the target cell.
2. Some methods of how and when to stop DL transmission  or reduce DL transmission power in  some subframes in the target cell should be studied carefully, which may introduce more complexity in the source and target eNB.
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Table 3 make some summary of the three mobility enhancement solutions discussed above.
Proposal4: Consider and discuss the three proposed possible mobility enhancement methods above.
3 Conclusion 
Observation: The size of HO region depends on the cell type as well as the ISD of the source cell and target cell. And typically the size of HO region with different source and target cell type is much smaller than the size of HO region with the same source and target cell type.
Proposal1: Consider and discuss the two general wayforwards to improve the mobility performance in HetNet network.
Proposal2: One possible solution to speed up the handover procedure of HetNet network is to adopt different TTT for different size of HO region, e.g. longer TTT for larger HO region while shorter TTT for smaller HO region.
Proposal3: One possible way to expand the HO region is to adopt different A3_offset for different size of HO region, e.g. reduced A3_offset compared to the A3_offset applied in the homogeneous network. And another possible way to expand the HO region is to stop DL transmission or reduce DL transmission power in some subframes in the target cell.
Proposal4: Consider and discuss the three proposed possible mobility enhancement methods above.
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5 [bookmark: _Ref300307722]Annex 
To analyse the size of HO region illustrated in Figure 1, the following RSRP model is used:
  (1)
Where  is the received signal reference power of UE.  is the transimit power at the eNB. PL is the distance dependent pathloss from the transmit eNB to UE.  is the distance from UE to the transmit eNB.
And take the pathloss model 1 for heterogeneous deployment from 36.814 Table A.2.1.1.2-3[2] for example:
Pathloss from macro to UE:
 (2)
Pathloss from pico to UE:
 (3)
As shown in Figure 1, the HO region starts from position A and end in position B. With the above RSRP model (1) and pathloss model1 (2) (3), we can derive the approximate SINR in the HO region, e.g. the SINR of position C in Figure 1 is:


                   (4)


Where  is the received power of UE from the source cell.  is the received power and noise of UE from the target cell.  is the received power of UE from the target cell. is the transmit power of the source cell/target cell.  / is the pathloss from the source cell/target cell to UE. And R is the distance from the source cell to UE.
Assuming the A3_offset is 3dB (Ptarget-Psource≥3dB) and the PDCCH outage threshold is -6 dB (Qin=-6dB), then the SINR of position A is  and the SINR of position B is . According to the HO region in Figure 1, the SINR in the HO region should fulfil:
  (5)
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