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1 Introduction
One of the primary approaches being considered for supporting H(e)NB connected mode inbound mobility in Release 9 is to assign measurement gaps to the UE to read the system information of the target H(e)NB. Such measurement gaps are needed for LTE handovers and UTRA inter-frequency handovers.
This contribution analyzes the gap durations that may be needed.
2 Discussion

2.1 Gap Durations for MIB reception
We first look the required gap durations to receive MIB when 1, 2, 3 and 4 MIB transmissions are needed. It is assumed that the gap assigned is such that there is a very high probability that the UE successfully reads the MIB.
If the radio conditions are such that one MIB transmission is adequate to decode the MIB, a gap of 10 ms is needed. If two MIB transmissions need to be combined, then a gap of 30 ms is needed. This is to ensure that the two MIB transmissions are from the same 40 ms TTI. Similarly, gaps of 50 ms and 70 ms respectively are needed when 3 and 4 MIB transmissions need to be combined.
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2.2 Handover thresholds
It is expected that the gap would be assigned to the UE when the target cell becomes a handover candidate. For handover between macro cells, the target cell is considered to be a handover candidate when it is ~3 db better than the serving cell. However, it is unclear if the same criterion can be used in handovers to H(e)NBs. 
The table below shows some rough calculations for SNR when UE is at different distances from H(e)NB and from macro cell. 

	Bandwidth = 10 MHz

Macro cell Tx pwr = 46 dbm
Out door Path Loss = 15.3 + 37.6log10(d),    d in meters (from TR 25.814)
Additional penetration loss = 10 db

HeNB Tx pwr = 20 dbm
Indoor path loss = 37 + 30log10(d),    d in meters (from TR 36.814)
Additional penetration loss = 5 db per wall                Assume 3 walls penetrated
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	Name
	Units
	Description

	
	
	
	
	
	
	
	
	
	

	HeNB-UE distance
	10
	15
	20
	20
	20
	20
	d_HeNB
	meters
	assumed

	HeNB Tx pwr
	20
	20
	20
	20
	20
	20
	P_T,HeNB
	dbm
	 

	HeNB antenna gain
	5
	5
	5
	5
	5
	5
	G_HeNB
	db
	 

	Path loss of HeNB signal
	67.00
	72.28
	76.03
	76.03
	76.03
	76.03
	PL_HeNB
	db
	37+30log10(d_HeNB)

	Transmission gain of HeNB signal
	-77.00
	-82.28
	-86.03
	-86.03
	-86.03
	-86.03
	TxGain_HeNB
	db
	G_HeNB - (PL_HeNB + P_pen1)

	Wall penetration loss
	15.00
	15.00
	15.00
	15.00
	15.00
	15.00
	P_pen1
	db
	3 walls, 5db per wall

	Rx pwr of HeNB signal
	-57.00
	-62.28
	-66.03
	-66.03
	-66.03
	-66.03
	P_R,HeNB
	dbm
	P_T,HeNB+TxGain_HeNB

	
	
	
	
	
	
	
	
	
	

	eNB-UE distance
	100
	150
	200
	250
	300
	400
	d_eNB
	meters
	 

	eNB Tx pwr
	46
	46
	46
	46
	46
	46
	P_T,eNB
	dbm
	assumed (10MHz)

	enB antenna gain after accounting for cable loss
	14
	14
	14
	14
	14
	14
	G_eNB
	db
	 

	Penetration loss
	20
	20
	20
	20
	20
	20
	P_pen2
	db
	 

	Path loss of eNB signal
	90.50
	97.12
	101.82
	105.46
	108.44
	113.14
	PL_eNB
	 
	15.3+37.6log10(d_eNB)

	Transmission gain of eNB signal
	-96.50
	-103.12
	-107.82
	-111.46
	-114.44
	-119.14
	TxGain_eNB
	db
	G_eNB - (PL_eNB + P_pen2)

	Rx pwr of eNB signal at the UE
	-50.50
	-57.12
	-61.82
	-65.46
	-68.44
	-73.14
	P_R,eNB
	dbm
	P_T,eNB + TxGain_eNB

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Noise pwr
	-95.00
	-95.00
	-95.00
	-95.00
	-95.00
	-95.00
	N
	dbm
	 

	Interference from macro to home-eNB
	-50.50
	-57.12
	-61.82
	-65.46
	-68.44
	-73.14
	I
	dbm
	Interference is equal to P_R,eNB

	Noise+Interference
	-50.50
	-57.12
	-61.82
	-65.46
	-68.43
	-73.11
	N+I
	dbm
	10*log10(10^(N/10)+10^(I/10))

	
	
	
	
	
	
	
	
	
	

	SNR
	-6.50
	-5.16
	-4.21
	-0.57
	2.40
	7.08
	
	db
	P_R,HeNB - (N+I)


Based on the above, if a handover threshold of 3 db is used, UE would not be handed over to H(e)NB unless it is at least ~300 m from the macro cell (assuming a nominal cell size for the H(e)NB of 20 m). Thus, it may be necessary to use different handover thresholds for intra-frequency handover to H(e)NBs. This influences the issue of how long the gap needs to be: if a lower handover threshold is used, then UE has to be able to read MIB (and SIB1) at the lower SNR. Therefore we propose that RAN2 co-ordinate with other groups and discuss the issue of handover thresholds for H(e)NBs.
Proposal: Discuss the issue of handover thresholds for H(e)NBs.
3 Conclusion
We have considered the issue of gap durations to support handover to H(e)NB. Our calculations suggest that handover thresholds for intra-frequency handover to H(e)NB may need to be lower than handover thresholds for macro cell to macro cell handovers. We propose that this issue be discussed and taken into account in the H(e)NB inbound mobility discussion.
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