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1 Introduction
Requiring the UE to read system information of HeNBs for the purpose of handover evaluation is an approach that is favored by a majority of the companies [1]. The general understanding in the group according to [1] is that loss of up to 80 ms of voice is not a problem as long as it is not frequent. The frequency with which handover evaluation can occur has not been considered. Here we consider a somewhat dense HeNB deployment and try to examine the impact on ongoing voice calls due to reading of the system information.  
2 Discussion
We consider HeNB deployment in a scenario mentioned in [1] as a typical London suburban road. This is illustrated below. Homes are every 10 m and a user can be anywhere on the dashed line.
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We further make the following assumptions:

· The group of homes is ~200 meters from the macro cell.
· UE is in a voice call with SPS configured. SPS configuration is such that at 5 db SNR a voice packet can be delivered in 1 HARQ transmission. Up to 4 HARQ transmissions are allowed for each voice packet (however scheduler has to ensure that not too many voice packets take 4 HARQ transmissions, as this can lead to cumulative delays).
· For every 3db drop in SNR, one additional HARQ transmission is needed.

The appendix shows link budget calculations for several points on the dashed line. We make the following observations:
1. The macro cell SNR ranges from -0.1 db to -6 db. This implies 3, 4 or more transmissions for each voice packet. 
a. If UE tries to receive MIB of HeNB and loses a HARQ transmission, then HARQ is unlikely to recover the packet.
b. Continuation of these conditions over even short periods (100s of ms) leads to cumulative delays of voice packets and dropping of voice packets.

2. SNR of HeNB1 and HeNB2 are very inconsistent even when UE is quite close to the HeNBs. Depending on the location, decoding MIB may not be possible and where possible may take multiple attempts (multiple 40 ms TTIs).
a. For example, given that UE is close to the HeNBs (~ 9 – 26 m), if based on location information a handover evaluation is triggered, UE could attempt to decode HeNB MIB several times unsuccessfully.
b. Given the large range of the HeNB signal quality over a small area, eNB has to schedule gaps for MIB/SIB1 reading very precisely. This would also require frequent measurements from the UE.

To summarize, in our view, if there is significant interference from HeNBs, reading MIB can take multiple attempts and can deteriorate voice call quality. This can also require the eNB to schedule gaps very precisely. Therefore we think that any gap based scheme for handover evaluation has to be carefully designed taking the above issues into account.  

3 Conclusion
In conclusion, we note that:
1. Any HeNB system information reading by the UE needs to be tightly controlled by the eNB. That is:

a. eNB has to assign and remove gaps at the right times and may have to do it repeatedly. Furthermore the gaps themselves have to be short.

b. Reading of SI without gaps can lead to significant voice quality problems.

2. eNB assigned gaps and the need for them to be tightly controlled introduces substantial complexity at the eNB. The careful scheduling of gaps can have performance impacts to other UEs in the cell that may not even be interested in HeNBs.
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	Loc1
	Loc2
	Loc3
	Loc4
	Loc5
	Loc6
	Loc7
	Name
	Units
	Description

	Parameter
	
	
	
	
	
	
	
	
	
	

	eNB-UE distance
	200
	200
	200
	200
	200
	200
	200
	d_eNB
	meters
	 

	eNB Tx pwr
	46
	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
	14
	G_eNB
	db
	 

	Penetration loss
	10
	10
	10
	10
	10
	10
	10
	P_pen2
	db
	 

	Path loss of eNB signal
	101.82
	101.82
	101.82
	101.82
	101.82
	101.82
	101.82
	PL_eNB
	 
	15.3+37.6log10(d_eNB)

	Transmission gain of eNB signal
	-97.82
	-97.82
	-97.82
	-97.82
	-97.82
	-97.82
	-97.82
	TxGain_eNB
	db
	G_eNB - (PL_eNB + P_pen2)

	Rx pwr of eNB signal at the UE
	-51.82
	-51.82
	-51.82
	-51.82
	-51.82
	-51.82
	-51.82
	P_R,eNB
	dbm
	P_T,eNB + TxGain_eNB

	
	
	
	
	
	
	
	
	
	
	

	X axis distance to HeNB1
	5
	0
	5
	10
	15
	20
	15
	 
	 
	 

	Y axis distance to HeNB1
	8.5
	8.5
	8.5
	8.5
	8.5
	8.5
	8.5
	 
	 
	 

	UE Distance to HeNB1
	9.86
	8.50
	9.86
	13.12
	17.24
	21.73
	17.24
	d_HeNB1
	meters
	 

	HeNB1 Tx pwr
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00
	P_T,HeNB1
	dbm
	 

	HeNB antenna gain
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	G_HeNB1
	db
	 

	Path loss of HeNB1 signal
	66.82
	64.88
	66.82
	70.54
	74.10
	77.11
	74.10
	PL_HeNB1
	db
	37+30log10(d_HeNB1)

	Wall penetration loss
	6.90
	5.95
	6.90
	9.19
	12.07
	15.21
	12.07
	P_pen1
	db
	0.7*d_HeNB1

	Transmission gain of HeNB1 signal
	-68.72
	-65.83
	-68.72
	-74.73
	-81.17
	-87.32
	-81.17
	TxGain_HeNB1
	db
	G_HeNB1 - (PL_HeNB1 + P_pen1)

	Rx pwr of HeNB1 signal
	-48.72
	-45.83
	-48.72
	-54.73
	-61.17
	-67.32
	-61.17
	P_R,HeNB1
	dbm
	P_T,HeNB1+TxGain_HeNB1

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	X axis distance to HeNB2
	25
	20
	15
	10
	5
	0
	5
	 
	 
	 

	Y axis distance to HeNB2
	8.5
	8.5
	8.5
	8.5
	8.5
	8.5
	8.5
	 
	 
	 

	UE Distance to HeNB2
	26.41
	21.73
	17.24
	13.12
	9.86
	8.50
	9.86
	d_HeNB2
	meters
	 

	HeNB2 Tx pwr
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00
	20.00
	P_T,HeNB2
	dbm
	 

	HeNB2 antenna gain
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	G_HeNB2
	db
	 

	Path loss of HeNB2 signal
	79.65
	77.11
	74.10
	70.54
	66.82
	64.88
	66.82
	PL_HeNB2
	db
	37+30log10(d_HeNB2)

	Wall penetration loss
	18.48
	15.21
	12.07
	9.19
	6.9
	5.95
	6.9
	P_pen2
	db
	0.7*d_HeNB2

	Transmission gain of HeNB2 signal
	-93.13
	-87.32
	-81.17
	-74.73
	-68.72
	-65.83
	-68.72
	TxGain_HeNB2
	db
	G_HeNB2 - (PL_HeNB2 + P_pen1)

	Rx pwr of HeNB2 signal
	-73.13
	-67.32
	-61.17
	-54.73
	-48.72
	-45.83
	-48.72
	P_R,HeNB2
	dbm
	P_T,HeNB2+TxGain_HeNB2

	
	
	
	
	
	
	
	
	
	
	

	Noise power
	-95.00
	-95.00
	-95.00
	-95.00
	-95.00
	-95.00
	-95.00
	N
	dbm
	

	
	
	
	
	
	
	
	
	
	
	

	SNR of macro
	-3.11
	-6.02
	-3.34
	-0.10
	-3.34
	-6.02
	-3.34
	
	db
	P_R,eNB - 10*log10(10^(N/10) + 10^(P_R,HeNB1/10) + 10^(P_R,HeNB2/10) )

	SNR of HeNB1
	3.07
	5.87
	2.62
	-4.71
	-14.18
	-22.47
	-14.18
	
	db
	P_R,HeNB1 - 10*log10(10^(N/10) + 10^(P_R,eNB/10) + 10^(P_R,HeNB2/10))

	SNR of HeNB2
	-26.15
	-22.47
	-14.18
	-4.71
	2.62
	5.87
	2.62
	
	db
	P_R,HeNB2 - 10*log10(10^(N/10) + 10^(P_R,eNB/10) + 10^(P_R,HeNB1/10))
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