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1 Introduction

In a contribution to RAN4#76bis on analysis of the Unidirectional SFN arrangement [1] concerns were raised on that handover between SFN cell groups would not work. In this contribution we share how we anticipate the handover and cell reselection to be carried out. Particularly, what we have in mind is a zone of overlapping coverage between source and target cell groups, where the handover or reselection can be carried out. It shall be noted that there are several possible solutions and our proposal here does not preclude other solutions. Eventually it is a decision for network vendors and operators to make.
This contribution was submitted during RAN4#76bis as an information document [2] and is resubmitted for online discussions during RAN4#77. A companion TP [3] is provided to include the proposed solution as an informative Appendix to 3GPP TR 36.878 [4]. 
2 Cell detection challenges in Unidirectional SFN 
2.1 Unidirectional SFN Scenario
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Figure 1: Unidirectional SFN model in baseline configuration. RRHs are transmitting in the same direction along the high-speed track, and the UE is mainly receiving from one RRH at a time.
2.2 Cell detection challenges – UE moving towards DLTX beam
Observation 1: A UE moving towards the transmitting beams will at a cell border go from a strong source cell to a weak target cell. In general the weak target cell cannot be detected before the UE has left the source cell beam. As a result the UE may not be able to report the target cell to the source cell, or receive a handover command. RLF will result.
2.3 Cell detection challenges – UE moving away from DLTX beam

Observation 2: A UE moving away from the transmitting beam will go from a weak source cell beam to a strong target cell beam. After having entered the target cell beam the UE may not be able to report the target cell to the source cell, or receive a handover command. RLF will result.
3 Proposed network-based solution

It is proposed to introduce a network-based solution by which a UE is guaranteed sufficient time to detect the new SFN cell (group) while still being in coverage by the source SFN cell (group). One solution is to phase out the source cell (group) while phasing in the target cell (group), by which an engineered handover zone is created. 

Figure 2 illustrates a deployment scenario where two inter-site distances are used for a handover zone. RRHs denoted by C1 belong to the first SFN cell (group) with one PCI, and the RRHs denoted by C2 belong to the second SFN cell (group) with another PCI and potentially with different radio frame timing. The overlapping RRHs can be co-located to reduce the number of sites. They are illustrated as being on opposite sides just for clarity. 
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Figure 2: Sketch of handover zone created by overlapping coverage between SFN cell (group) C1 and SFN cell (group) C2. Note that the RRHs can be co-located although illustrated as separate sites.
A simple form may be to maintain the same total transmit power and distribute it as follows in Table 1.

Table 1: Exemplary relative power levels for phasing out source cell and phasing in target cell.
	RRH
	C1 RRH #N-2
	C1 RRH #N-1
	C1 RRH#N
	

	Relative power level
	0 dB
	-1.7609 dB
	-4.7712 dB
	

	SIR
	∞
	3 dB
	-3 dB
	

	RRH
	
	C2 RRH #1
	C2 RRH#2
	C2 RRH#3

	Relative power level
	
	-4.7712 dB
	-1.7609 dB
	0 dB

	SIR
	
	-3 dB
	3 dB
	∞


A legacy UE can receive down to at least SINR -4dB which corresponds to the general mobility scenario in a honey-comb deployment and some margin for noise floor or interference from other cells. At the same time a UE is mandated to support cell detection down to SINR -6dB on the intra-frequency carrier. Hence the target SFN cell (group) can be detected and reported back to the source SFN cell (group), upon which the source cell can hand over the UE to the target cell.  

Observation 3: A legacy UE can receive from a cell at SINR -4dB, and can detect cells at SINR -6dB. Creating zones where source and target cells are above SINR -4dB and -6dB respectively allows the UE to detect the target cell, report it to the source cell, and getting handed over to the target cell by the source cell.
With co-located deployment the path loss will be same for signals from C1 and C2, hence the introduced power difference between a RRH for C1 and an RRH for C2 remains the same during the whole distance between the sites. This simplifies configuration of suitable events and reselection thresholds.

Observation 4: With co-located transmissions in cell groups C1 and C2 the relative power offset between the groups will be constant throughout the distance between the RRHs. Event thresholds and cell re-selection thresholds can be selected accordingly to decide in which segment the UE is to be handed over to or re-select the target cell.  
The number of overlapped segments depends on inter-site distance, supported UE speed and cell detection requirements for the DRX cycle in use.

Observation 5: The number of segments (inter-site distances) by which source and target cell groups overlap depends on inter-site distance, supported UE speed and the DRX cycle in use. 
From UE perspective the approach resembles RAN4 tests and RAN5 conformance tests for event triggered reporting and cell reselection. Hence it is already secured that a legacy UE can operate in an engineered handover zone.

Observation 6: That a legacy UE can operate in an engineered handover zone has been secured already in conformance testing.
Observation 7: There is no specification impact since the solution relies on existing RRM requirements.
Proposal 1: A handover zone can be created between source and target cell (groups) to allow the UE to detect and report the target cell while still being able to communicate with the source cell.  
4 Conclusion
In this contribution we have provided one possible solution for handover between SFN cell groups in Unidirectional SFN deployment. The following can be observed:

Observation 1: A UE moving towards the transmitting beams will at a cell border go from a strong source cell to a weak target cell. In general the weak target cell cannot be detected before the UE has left the source cell beam. As a result the UE may not be able to report the target cell to the source cell, or receive a handover command. RLF will result.
Observation 2: A UE moving away from the transmitting beam will go from a weak source cell beam to a strong target cell beam. After having entered the target cell beam the UE may not be able to report the target cell to the source cell, or receive a handover command. RLF will result.
Observation 3: A legacy UE can receive from a cell at SINR -4dB, and can detect cells at SINR -6dB. Creating zones where source and target cells are above SINR -4dB and -6dB respectively allows the UE to detect the target cell, report it to the source cell, and getting handed over to the target cell by the source cell.
Observation 4: With co-located transmissions in cell groups C1 and C2 the relative power offset between the groups will be constant throughout the distance between the RRHs. Event thresholds and cell re-selection thresholds can be selected accordingly to decide in which segment the UE is to be handed over to or re-select the target cell.  
Observation 5: The number of segments (inter-site distances) by which source and target cell groups overlap depends on inter-site distance, supported UE speed and the DRX cycle in use. 
Observation 6: That a legacy UE can operate in an engineered handover zone has been secured already in conformance testing.

Hence we propose the following as one of potentially several solutions for handover between SFN cell groups:
Proposal 1: A handover zone can be created between source and target cell (groups) to allow the UE to detect and report the target cell while still being able to communicate with the source cell.  

This particular solution can be implemented without specification impact as it relies on legacy RRM requirements. 
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