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1 Introduction
For the Release 9 H(e)NB enhancements Work Items [1], several important issues related to the inbound CSG mobility are being discussed [2][3]: the problems with detecting and identifying a H(e)NB, and preliminary access checking. As a solution to these problems in both LTE and UMTS, [4] proposed to define a new system information block (SIBx for LTE and SIBy for UMTS) that contains essential information for the inbound mobility to H(e)NB and for the target H(e)NB to transmit SIBx or SIBy more frequently than SIB1 for LTE or SIB3/4 for UMTS. [4][5] also proposed that when the H(e)NB’s serving frequency is different from the macro layer’s, then the H(e)NB transmits it’s system information on the macro cell’s frequency to help the macro UE detect the H(e)NB and receive the H(e)NB’s system information without the need for inter-frequency scanning. However, during e-mail discussions, concerns have been raised about possible interference by such signal transmission by the H(e)NB. This document provides simulation results on the effect of the interference on the macro cell as well as the detection performance of the system information by a macro UE. The simulation results show that the HeNB’s transmission of it’s system information on the macro cell’s frequency does not cause any interference problem to the macro cell in practice and a low duty cycle transmission is sufficient to support the inbound mobility to HeNB.
2 Simulation
2.1 Simulation Conditions
[image: image1]Figure 1 illustrates the transmission of the system information by a HeNB on the macro cell’s frequency [4]. In addition to the SIBx and the MIB, the HeNB has to transmit synchronization signals in order for a macro UE to detect and receive the signal. At every T s, the HeNB transmits subframes #0 and #5 on macro cell’s frequency f_m for time duration of L consecutive frames. It is assumed that the SIBx is transmitted at subframes #0 and #5 in this illustration and each SIBx transmission is self-decodable. The SIBx is assumed to occupy six resource blocks at each subframe. If the HeNB can only transmit on one frequency at a time, the HeNB has to switch its frequency from its serving frequency f_h to the macro cell’s frequency f_m to transmit the system information, and then return to f_h. The HeNB stays at its serving frequency f_h until the next transmission period.

[image: image3.emf]
Figure 1.  SIBx transmission by the HeNB in the proposed solution for the LTE macro cell.

The simulation conditions are summarized as below. In order to simplify the analysis, it was assumed that the signal from the macro eNB has the same shadowing effect among simulation runs. Also, in order to further simplify the simulations, no multi-path fading was assumed.
· Macro eNB

· Inter-site distance: 1000 m

· 19 cell 57 sectors (3 sectors per cell)

· Carrier frequency: 2.0 GHz
· Signal bandwidth: 10 MHz
· Total BS transmit power: 46 dBm

· Log-normal shadowing standard deviation: 0 dB

· Home eNB

· Maximum transmit power: 20 dBm

· Log-normal shadowing standard deviation: 4 dB
· Home eNB – Macro UE distances: 0.2m, 5m, 10m (indoor), 15m (outdoor)
· Indoor penetration loss by exterior wall: 10 dB
The path loss model for outdoor UE is
L=128.1 + 37.6log10(R) dB, with R in km.
The other propagation models and parameters are based on those of [6], and other detailed simulation parameters are given in Appendix.
2.2 Simulation Results
2.2.1  Interference analysis

In order to see the effect of the interference caused by the HeNB’s signal transmission on the macro cell’s frequency, the macro cell’s PDSCH throughput in the home cell coverage was simulated. Table 1 shows the average throughput of the PDSCH of the macro cell without and with the interference from the HeNB. The signal transmitted by the HeNB on the macro cell’s frequency had a bandwidth of 3MHz and a constant transmit power of 20dBm. Incremental redundancy (IR) HARQ with retransmissions of up to 3 was considered. For the macro cell, full buffer traffic model and round robin scheduler for 5 UEs were assumed. Each Macro UE was assumed to be allocated with 10 resource blocks in each subframe, and the macro cell’s bandwidth was 10 MHz (50 resource blocks in each subframe). The HeNB-UE distances of 0.2~10m in indoor and 15m in outdoor with penetration loss of 10dB were considered. Low duty cycle operation was assumed in the analysis with T=1 s and L=4, where the transmission burst is limited to L frames in every T s, and there is no interference during the time period of T – L*0.01 s. The throughput loss due to the interference can be further reduced by controlling the HeNB’s transmit power with respect to the macro eNB’s signal strength.
Table 1. Average throughput of macro cell’s PDSCH

	eNB –HeNB Distance
	HeNB – MUE Distance
	Without Interference from HeNB
	With Interference from HeNB
	Loss Ratio

	100 m
	0.2 m (indoor)
	6.2 Mbps
	6.1941 Mbps
	0.095 %

	
	5 m (indoor)
	6.2 Mbps
	6.1942 Mbps
	0.094 %

	
	10 m (indoor)
	6.2 Mbps
	6.1944 Mbps
	0.091 %

	
	15 m (outdoor)
	6.2 Mbps
	6.1999 Mbps
	0.001 %

	450 m
	0.2 m (indoor)
	1.5347 Mbps
	1.5295 Mbps
	0.336 %

	
	5 m (indoor)
	1.4266 Mbps
	1.4214 Mbps
	0.368 %

	
	10 m (indoor)
	1.3839 Mbps
	1.3813 Mbps
	0.188 %

	
	15 m (outdoor)
	1.3794 Mbps
	1.3757 Mbps
	0.268 %


Observation 1: The H(e)NB’s transmission of its system information on macro cell’s frequency can be adjusted to cause no impact on the performance of the macro cell within the home cell’s coverage.
2.2.2 Detection probability of System Information
The next simulation shows the detection probabilities of the MIB and the SIBx transmitted by the target HeNB on the macro cell’s frequency with a constant transmit power of 20dBm. The penetration loss due to the building was assumed to be 10dB. The detection probabilities were obtained after the first, second, third or fourth time receptions of the MIB and the SIBx. An outage was declared when the information could not be received without an error after the fourth reception.

The simulation results show that when the HeNB is located at 100m from the macro eNB, the MIB and the SIBx of the HeNB can be detected by the macro UE with probability of more than 99% from a single reception within 5 m and with probability of 90% from the second reception within 10 m from the HeNB. This means that the proposed solution for the inbound mobility to HeNB can be supported with probability of 99% with indoor coverage of 5m in radius by single transmission of the MIB and the SIBx by the HeNB, and therefore, total of two (L=2) frames of transmission burst will be sufficient: one frame for synchronization signal and one frame for both the MIB and the SIBx. Also four (L=4) frames of transmission burst will support the inbound mobility with probability of 90% with 10m indoor coverage in radius: one frame for synchronization, two frames for the MIB and one frame for the SIBx. (note that SIBx is transmitted two times in a frame) The inbound handover coverage can be optimized further by controlling the HeNB’s transmission power with respect to the macro eNB’s signal strength.
Table 2. Detection probabilities of MIB/SIBx 
	eNB –HeNB Distance
	HeNB – MUE Distance
	Detection Probability [%]

	
	
	1st Reception (MIB/SIBx)
	2nd Reception (MIB/SIBx)
	3rd Reception (MIB/SIBx)
	4th Reception (MIB/SIBx)
	Outage (MIB/SIBx)

	100 m
	0.2 m (indoor)
	100/100
	100/100
	100/100
	100/100
	0/0

	
	5 m (indoor)
	99.5/99.5
	100/99.9
	100/100
	100/100
	0/0

	
	10 m (indoor)
	71.0/68.1
	90.0/89.8
	95.3/96.1
	97.2/98.0
	1.8/2.0

	
	15 m (outdoor)
	0/0
	0/0
	0/0
	0.1/0.1
	99.9/99.9

	450 m
	0.2 m (indoor)
	100/100
	100/100
	100/100
	100/100
	0/0

	
	5 m (indoor)
	100/100
	100/100
	100/100
	100/100
	0/0

	
	10 m (indoor)
	100/100
	100/100
	100/100
	100/100
	0/0

	
	15 m (outdoor)
	97.7/97.9
	99.7/99.8
	99.9/99.9
	100/100
	0/0


Observation 2: The inbound mobility to H(e)NB can be supported by the H(e)NB’s transmission of its system information on macro cell’s frequency in a low duty cycle with a very short burst length (L=2~4 frames).
3 Discussion

During the intra-frequency scanning of a home cell either with or without gap, the proposed solution enables the UE to detect, identify and perform preliminary access check of an inter-frequency home cell. Therefore, the proposed solution minimizes communication loss and power consumption of the UE necessary for the inter-frequency scanning. This solution is particularly useful when the UE is accessing inter-frequency home cells for which the UE does not have fingerprints, such as campus/enterprise cells and commercial deployments that the UE has not visited before.
When the macro layer at the home cell location uses more than one frequency band simultaneously, the H(e)NB has to transmit it’s system information to all the frequencies, one frequency by another. As a result, the transmission time period T on each frequency will be increased accordingly, but when the number of the frequencies is small, say 4, the inbound mobility requirement can still be met without any difficulty.
In addition to the inter-frequency inbound handover, the proposed solution can readily support the inter-RAT case also. In the inter-RAT case, the H(e)NB transmits it’s system information using the macro cell’s RAT on the macro cell’s frequency. The system information SIBx or SIBy shall contain an optional information element for the RAT type of the H(e)NB. Since the information the H(e)NB transmits (MIB and SIBx/y) is small in quantity and does not change during it’s normal communication mode, the H(e)NB can generate the signal off-line, in DSP, for example, and store it in a memory and play it back for the above operation. In this way, the H(e)NB can support the proposed inter-RAT inbound mobility without an additional hardware.
An additional benefit is that this solution can minimize the standardization effort to support inter-frequency and inter-RAT inbound mobility to the home cell.
Claim 1: During the intra-frequency scanning of a home cell either with or without gap, the proposed solution enables the UE to detect, identify and perform preliminary access check of an inter-frequency/inter-RAT home cell without additional inter-frequency/inter-RAT measurements.
4 Conclusion
Observation 1: The H(e)NB’s transmission of its system information on macro cell’s frequency can be adjusted to cause no impact on the performance of the macro cell within the home cell’s coverage.
Observation 2: The inbound mobility to H(e)NB can be supported by the H(e)NB’s transmission of its system information on macro cell’s frequency in a low duty cycle with a very short burst length (L=2~4 frames).
Claim 1: During the intra-frequency scanning of a home cell either with or without gap, the proposed solution enables the UE to detect, identify and perform preliminary access check of an inter-frequency/inter-RAT home cell without additional inter-frequency/inter-RAT measurements.
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6 Appendix

6.1 Macro eNB Parameters
	Parameter
	Assumption

	Cellular Layout
	3 sectors per site, reuse 1

	Inter-site distance
	1000m

	Number sites
	19 cells with wrap-around

	Carrier Frequency
	2.0 GHz

	Carrier Bandwidth
	10 MHz

	Penetration Loss (assumes UEs are indoors) 
	20dB or 10dB

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	[image: image2.emf]


	Traffic model
	Full buffer

	Minimum distance between UE and cell
	>= 35 meters 

	Number of symbols for PDCCH
	3


6.2 HeNB Parameters
	Parameter
	Assumption

	HeNB Frequency Channel
	Same frequency and same bandwidth as macro layer

	HeNB House Dimensions
	12m (X) x12m (Y)

	Min separation HeNB to macro eNB
	40 m

	HeNB position
	House center

	Min separation UE to HeNB
	0.2m

	Number Tx antennas of HeNB
	1

	Number Rx antennas of HeNB
	2

	HeNB antenna gain
	0 dBi

	Exterior wall penetration loss
	20 dB or 10 dB

	Log-normal shadowing standard deviation
	4dB

	Shadowing auto-correlation distance for HeNB
	3m

	Noise figure of HeNB
	8 dB

	Max Tx power of HeNB
	20 dBm
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