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1 Introduction

The text proposals on HeNB receiver sensitivity, dynamic range, ACS and blocking were approved at RAN4#52 meeting. The minimum requirements of these receiver characteristics were included in the investigation parts of each subclause, which may be not convenient for further modification of the specification. This paper gives the text proposal on the modifications of these receiver requirements.

2 Text proposal
6.3.1
Reference sensitivity level

Reference sensitivity level is the minimum mean power received at the antenna connector at which a throughput requirement shall be met for a specified reference measurement channel. The main purpose to define the reference sensitivity requirement is to verify the receiver noise figure. Receiver noise figure will affect the uplink performance of macrocell and HeNB itself desensitization. These impacts could be studied by system level simulations [26].
6.3.1.1
Uplink performance degradation of macrocell
6.3.1.1.1
Simulation setup
The simulation parameters and assumptions are the same as [15]. The hierarchical deployment scenario is illustrated in Figure 6.3.1.1.1-1. 100 HeNBs are deployed in a sector and each has one active HUE. Since the ACLR of UE is 30dB, the ACIR is assumed to be 30dB for adjacent interference calculation. 
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Figure 6.3.1.1.1‑1 Hierarchical deployment scenario of macrocell and HeNB

In the simulations, the uplink power control scheme described in TS36.211 [16] is used. The noise figure will affect the uplink MCS selection and finally result in different output power setting. High output power of HUE may result in performance degradation of the macrocell. Therefore, the noise figure should be well planned to ensure the uplink performance of macrocell.

6.3.1.1.2
Simulation results

The noise floor of macro eNB with 10MHz bandwidth is about -100 dBm (-174 + 60 + 9.5 + 5 = -99.5 dBm). Therefore, the noise floor of HeNB in the simulation is assumed to be in the range from -99 dBm to -79 dBm. As a function of HeNB noise floor, the relative uplink throughput loss of macrocell is shown in Figure 6.3.1.1.2-1.
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Figure 6.3.1.1.2‑1 Relative uplink throughput loss versus noise floor

It is important to control the noise floor in a reasonable range to minimise the impact on uplink performance of macrocell operating in adjacent channel. Assuming the maximum allowed performance degradation is 3% [22], compared to macro eNB, it will desensitize the HeNB reference sensitivity by 10 to 13 dB, which corresponds to a noise floor of -89dBm and -86dBm.

6.3.1.2
HeNB desensitization

In this section, the impact on sensitivity degradation of HeNB due to interference from MUE is simulated. The simulation assumptions and deployment scenarios are the same as section 6.3.1.1. In the simulations, one MUE occupying the whole uplink bandwidth (10MHz) is randomly placed in the building block where HeNBs are deployed and no RoT control is considered for macrocell. In order to study the impact of different output power of MUE, the building block with HeNBs and MUE is placed in R/2 and R respectively, where R is the radius of the macrocell.

Figure 6.3.1.2-1 gives the simulation results of uplink noise rise of HeNB versus different block locations. The blue curve represents noise rise due to uplink interference from other HUEs and the red together with green curve represent additional noise rise due to uplink interference from MUE. The additional noise rise is calculated based on 40% HeNBs suffering from the highest interference. Seen from the results, we can find that the additional noise rise is about 9 dB in the worst case (the MUE is located in cell edge with high output power, D = R) and 5.5 dB in a normal case (the distance between building block and macro eNB is R/2). Therefore, according to the simulation result shown in Figure 6.3.1.2-1, compared with macro eNB, 7 to 8 dB desensitization seems to be a good tradeoff for TD-LTE HeNB.
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Figure 6.3.1.2‑1 Noise rise versus different HeNB locations
For another approach in statistics [17], Figure 6.3.1.2-2 and Figure6.3.1.2-3 demonstrates the CDF of HeNB noise rise with MUE being in R/2 and R respectively. It is observed that the percentage of HeNBs with the highest interference from MUE have very big impact on the maximum tolerable noise rise. In Table 6.3.1.2-1 some noise rise values are summarize for different percentage of HeNB in statistics. If we decide HeNB noise rise based on 40% HeNBs suffering from the highest interference, the HeNB sensitivity can be degraded by 7~9dB.
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Figure 6.3.1.2-2 HeNB noise rise CDF, MUE distance from MeNB D=R/2
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Figure 6.3.1.2-3 HeNB noise rise CDF, MUE distance from MeNB D=R

Table 6.3.1.2-1 Summary of HeNB noise rise due to MUE interference

	Probability of HeNB that observe highest interference
	MUE distance from MeNB, D=R/2
	MUE distance from MeNB, D=R(worst case)

	50%
	2.5dB
	3.59dB

	40% 
	7.43dB
	9.4dB

	30% 
	14.9dB
	17.14dB


6.3.1.3
Minimum requirement
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A in TS36.104 with parameters specified in Table 6.3.1.3-1.

Table 6.3.1.3-1: HeNB reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-98.8

	3
	FRC A1-2 in Annex A.1
	-95.0

	5
	FRC A1-3 in Annex A.1
	-93.5

	10
	FRC A1-3 in Annex A.1*
	-93.5

	15
	FRC A1-3 in Annex A.1*
	-93.5

	20
	FRC A1-3 in Annex A.1*
	-93.5 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each





6.3.2
Dynamic range

The impact of co-channel uplink interference from an uncoordinated UE on the HeNB needs to be studied to derive a reasonable dynamic range requirement [29]. The co-channel interference from an uncoordinated macro UE (MUE) and home UE (HUE) are studied based on deterministic analysis and system-level simulations respectively in the following sections.

6.3.2.1
Deterministic analysis

The assumed scenario for coexistence with uncoordinated MUE is described in Figure 6.3.2.1-1. The HeNB (CSG) is located on a table in an apartment. A MUE is placed in the same apartment and establishes a call with the macro BS. 
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Figure 6.3.2.1-1 Assumed interference scenario for coexistence with uncoordinated UE
HeNB will cause a coverage hole (dead zone) to the co-channel deployed macrocell if received interference power at MUE exceeds the decoding threshold specified in TS36.101 [18]. The size of dead zone is determined by the output power of HeNB and the received wanted signal power of macro cell. The extension of the dead zone is restricted to be within several meters. The path loss model listed in reference [15] is used to determine the minimum distance that the MUE is able to go close to the HeNB. Figure 6.3.2.1-2 gives the relationship between the separation distance and received interference power level at HeNB antenna port. It’s proposed to set the maximum received interference power level to -38dBm assuming 6 meters separation distance (dead zone) and 23dBm (PC 3 MUE) maximum output power. 
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Figure 6.3.2.1-2 Minimum separation distance
6.3.2.2
System-level simulations
The assumed scenario and simulation assumptions are the same as [15]. The hierarchical deployment scenario of macrocell and HeNB is illustrated in Figure 6.3.2.2-1. One HeNB building block is randomly placed in a sector.
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Figure 6.3.2.2-1 Hierarchical deployment scenario of macrocell and HeNB
Both co-channel interference from uncoordinated HUE and MUE are considered in our study. The MUE is located in the cell border and establishes a call with maximum output power. Fifty HUEs are randomly placed into the building block and each HeNB has an active user. The co-channel interference caused by MUE and HUE are defined as interference over thermal noise (IoT). In our simulations, uplink power control scheme described in TS36.211 [16] is used (Alpha = 1.0, P0 = -106dBm/RB). The simulation results are illustrated in Figure 6.3.2.2-2. The red line and blue line represent IoT level caused by other HUE and both other HUE and uncoordinated MUE respectively. Seen from the simulation results, we can get the following conclusions.

· Due to the limit coverage and deployment scenario, the HUE is very close to HeNB in most of cases and maintains the connection at low power level. Therefore, the main interference comes from the uncoordinated MUE.

· It’s proposed to set the maximum IoT to 55dB to make sure the HeNB could suffer the interference from other HUE and uncoordinated MUE in most cases (99%). 
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Figure 6.3.2.2-2 IoT level of HeNB

6.3.2.2
Minimum requirement
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 6.3.2.2-1. 

Table 6.3.2.2-1: Dynamic range
	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-31.8
	-44.2
	AWGN

	3
	FRC A2-2 in Annex A.2
	-27.9
	-40.2
	AWGN

	5
	FRC A2-3 in Annex A.2
	-25.7
	-38
	AWGN

	10
	FRC A2-3 in Annex A.2*
	-25.7
	-35
	AWGN

	15
	FRC A2-3 in Annex A.2*
	-25.7
	-33.2
	AWGN

	20
	FRC A2-3 in Annex A.2*
	-25.7
	-31.9
	AWGN



6.3.3
Adjacent channel selectivity (ACS)
Adjacent channel selectivity (ACS) is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system. The HeNB receiver must have the ability to against the adjacent channel interference from the uncoordinated macrocell user. The following sections give the study results of reference [27]. 

6.3.3.1
Simulation assumptions

The assumed coexistence scenario of macrocell and HeNB is illustrated in Figure 6.3.3.1-1. The HeNB and macro eNodeB (MeNB) are working in adjacent channel. The HeNB building block is located in the cell border and 10 MUEs are randomly placed in each sector. Detailed deployment parameters are listed in Table 6.3.3.1-1. 
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Figure 6.3.3.1-1 Assumed interference scenario for coexistence with uncoordinated UE(s)

Table 6.3.3.1-1 Simulation parameters

	Macro cell parameters
	Value

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	500 m

	UE power class
	23 dBm (200 mW)

	UE distribution
	80% inside the building

	HeNB parameters
	Value

	Number of HeNB per row
	10

	Number of blocks per sector
	1

	Number of floors per block
	6

	Number of HeNB
	50

	activation ratio
	100%

	Maximum output power
	20dBm

	Other parameters
	Value

	Propagation model
	PL(dB) = 127+30log10(R/1000), R in m

	Log-normal shadowing standard deviation
	10 dB


6.3.3.2
Simulation results

The macro UE will be blocked when the adjacent channel interference power is larger than -20dBm (assuming 5dB margin based on minimum ACS requirement specified in TS36.101 [18]).  Assuming the maximum output power of HeNB is 20dBm, we can get a minimum separation of 40dB between HeNB and MUE. UEs receiving higher interference than a blocking threshold of -20dBm will be removed from the UL interference statistics.

Figure 6.3.3.2-1 and 6.3.3.2-2 gives the uplink interference statistics caused by uncoordinated macro UE. Based on the simulation results, we proposed to define the adjacent channel interference level to -28dBm (24dB higher than EUTRA macro BS) which results in about 1% blocking probability of HeNB.
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Figure 6.3.3.2-1 CDF of UL interference
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Figure 6.3.3.2-2 CDF of UL interference (Zoom in view)

6.3.3.3
Minimum requirements
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel, with a wanted and an interfering signal coupled to the BS antenna input as specified in Table 6.3.3.3-1 for ACS. The reference measurement channel for the wanted signal is identified in Table 6.3.1.3-1 for each channel bandwidth and further specified in Annex A of TS36.104. 
Table 6.3.3.3-1: Adjacent channel selectivity

	E-UTRA

channel bandwidth [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering signal centre frequency offset from  the channel edge of the wanted signal [MHz]
	Type of interfering signal

	1.4
	-71.8
	-28
	0.7025
	1.4MHz E-UTRA signal

	3
	-71
	-28
	1.5075
	3MHz E-UTRA signal

	5
	-71.5
	-28
	2.5025
	5MHz E-UTRA signal

	10
	-71.5
	-28
	2.5075
	5MHz E-UTRA signal

	15
	-71.5
	-28
	2.5125
	5MHz E-UTRA signal

	20
	-71.5
	-28
	2.5025
	5MHz E-UTRA signal



6.3.4
Blocking characteristics

The blocking characteristic is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer. The HeNB receiver must have the ability to against the interference from uncoordinated UE and other co-location HNB/HeNB. The following sections give the study results of reference [28]. 

6.3.4.1
General blocking requirement
The general blocking requirement consists of in-band blocking and out-of-band blocking. The unwanted interferer is presented by E-UTRA signal for in-band blocking and a CW signal for out-of-band blocking.

In E-UTRA [19], the mean power of the E-UTRA interfering signal is equal to -43dBm which is a compromise between the 30dBm and 24dBm maximum output power assumption in TR36.942 [20] under worst case MCL condition. 

The assumed coexistence scenario of macrocell and HeNB is illustrated in Figure 6.3.4.1-1. The HeNB and macro eNodeB (MeNB) are working in adjacent channel. The HeNB building block is located in the cell border and 10 MUEs are randomly placed in each sector. Detailed deployment parameters are listed in Table 6.3.4.1-1. 
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Figure 6.3.4.1-1 Assumed interference scenario for coexistence with uncoordinated UE(s)

Table 6.3.4.1-1 Simulation parameters

	Macro cell parameters
	Value

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	500 m

	UE power class
	23 dBm (200 mW)

	UE distribution
	80% inside the building

	HeNB parameters
	Value

	Number of HeNB per row
	10

	Number of blocks per sector
	1

	Number of floors per block
	6

	Number of HeNB
	50

	activation ratio
	100%

	Maximum output power
	20dBm

	Other parameters
	Value

	Propagation model
	PL(dB) = 127+30log10(R/1000), R in m

	Log-normal shadowing standard deviation
	10 dB


The macro UE will be blocked when the interference power is larger than -25dBm (assuming 5dB margin based on minimum blocking requirement specified in TS36.101 [18]).  Assuming the maximum output power of HeNB is 20dBm, we can get a minimum separation of 45dB between HeNB and MUE. UEs receiving higher interference than a blocking threshold of -25dBm will be removed from the UL interference statistics.

Figure 6.3.4.1-2 and 6.3.4.1-3 gives the uplink interference statistics caused by uncoordinated macro UE. Based on the simulation results, we proposed to define the channel interference level to -27dBm for blocking requirement which results in about 0.8% blocking probability of HeNB. In the meantime, we observe that -15dBm out-of-band blocking requirement seems to be also sufficient for HeNB.
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Figure 6.3.4.1-2 CDF of UL interference
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Figure 6.3.4.1-3 CDF of UL interference (Zoom in view)

6.3.4.1.1
Minimum requirement

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel, with a wanted and an interfering signal coupled to BS antenna input using the parameters in Table 6.3.4.1.1-1 and 6.3.4.1.1-2. The reference measurement channel for the wanted signal is identified in Table 6.3.1.3-1 for each channel bandwidth and further specified in Annex A of TS36.104.
Table 6.3.4.1.1-1: Blocking performance requirement for HeNB
	Operating Band
	Centre Frequency of Interfering Signal [MHz]
	Interfering Signal mean power [dBm]
	Wanted Signal mean power [dBm]
	Interfering signal centre frequency minimum frequency offset from  the channel edge of the wanted signal [MHz]
	Type of Interfering Signal

	1-7, 9-11, 13-14, 33-40
	(FUL_low -20)
	to
	(FUL_high +20)
	-27
	PREFSENS +6dB*
	See table 6.3.4.1.1.1-2
	See table 6.3.4.1.1-2

	
	1 

(FUL_high +20)
	to

to
	(FUL_low -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	8
	(FUL_low  -20)
	to
	(FUL_high +10)
	-27
	PREFSENS +6dB*
	See table 6.3.4.1.1-2
	See table 6.3.4.1.1-2

	
	1 

(FUL_high +10)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	12
	(FUL_low  -20)
	to
	(FUL_high +12)
	-27
	PREFSENS +6dB*
	See table 6.3.4.1.1-2
	See table 6.3.4.1.1-2

	
	1 

(FUL_high +12)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	17
	(FUL_low  -20)
	to
	(FUL_high +18)
	-27
	PREFSENS +6dB*
	See table 6.3.4.1.1-2
	See table 6.3.4.1.1-2

	
	1 

(FUL_high +18)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	Note*: 
PREFSENS depends on the channel bandwidth as specified in Table 6.3.1.3-1.


Table 6.3.4.1.1-2: Interfering signals for blocking performance requirement for HeNB
	E-UTRA

channel BW [MHz]
	Interfering signal centre frequency minimum offset to  the channel edge of the wanted signal [MHz]
	Type of interfering signal

	1.4
	2.1
	1.4MHz E-UTRA signal

	3
	4.5
	3MHz E-UTRA signal

	5
	7.5
	5MHz E-UTRA signal

	10
	7.5
	5MHz E-UTRA signal

	15
	7.5
	5MHz E-UTRA signal

	20
	7.5
	5MHz E-UTRA signal



6.3.4.2
Co-location with other HNB/HeNB
The assumed scenario for co-location with other HNB/HeNB is described in Figure 6.3.4.2-1. Two HeNBs are placed in different rooms and opposite to a wall. 
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Figure 6.3.4.2-1 Assumed interference scenario for co-location with other HNB/HeNB

The minimum coupling loss between two co-located HeNBs is assumed to be 47dB in reference [21].Assuming the maximum output power of HeNB is also 20dBm as HNB, the co-location blocking requirement to against other nearby cross-band HNB/HeNB will be -27dBm. 
6.3.4.2.1
Minimum requirement

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel, with a wanted and an interfering signal coupled to HeNB antenna input using the parameters in Table 6.3.4.2.1-1. The reference measurement channel for the wanted signal is identified in Table 6.3.1.3-1 for each channel bandwidth and further specified in Annex A of TS36.104.

Table 6.3.4.2.1-1: Blocking performance requirement for HeNB when co-located with HNB/HeNB in other frequency bands.

	Co-located HNB/HeNB operating bands
	Centre Frequency of Interfering Signal (MHz)
	Interfering Signal mean power (dBm)
	Wanted Signal mean power (dBm)
	Type of Interfering Signal

	UTRA FDD Band I or E-UTRA Band 1
	2110 – 2170
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band II or E-UTRA Band 2
	1930 – 1990
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band III or E-UTRA Band 3
	1805 – 1880
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band IV or E-UTRA Band 4
	2110 – 2155
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band V or E-UTRA Band 5
	869 – 894
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band VI or E-UTRA Band 6
	875 – 885
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band VII or E-UTRA Band 7
	2620 – 2690
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band VIII or E-UTRA Band 8
	925 – 960
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band IX or E-UTRA Band 9
	1844.9 – 1879.9
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band X or E-UTRA Band 10
	2110 – 2170
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band XI or E-UTRA Band 11
	1475.9 - 1500.9
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band XII or E-UTRA Band 12
	728 - 746
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band XIIII or E-UTRA Band 13
	746 - 756
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA FDD Band XIV or E-UTRA Band 14
	758 - 768
	-27
	PREFSENS + 6dB*
	CW carrier

	E-UTRA Band 17
	734 - 746
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA TDD in Band a)
	1900-1920

2010-2025
	-27
	PREFSENS + 6dB*
	CW carrier

	E-UTRA TDD in Band 33
	1900-1920
	-27
	PREFSENS + 6dB*
	CW carrier

	E-UTRA TDD in Band 34
	2010-2025
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA TDD in Band b)
	1850-1910

1930-1990
	-27
	PREFSENS + 6dB*
	CW carrier

	E-UTRA TDD in Band 35
	1850-1910


	-27
	PREFSENS + 6dB*
	CW carrier

	E-UTRA TDD in Band 36
	1930-1990
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA TDD in Band c) or E-UTRA TDD in Band 37
	1910-1930
	-27
	PREFSENS + 6dB*
	CW carrier

	UTRA TDD in Band d) or E-UTRA in Band 38
	2570-2620
	-27
	PREFSENS + 6dB*
	CW carrier

	E-UTRA in Band 39
	1880-1920
	-27
	PREFSENS + 6dB*
	CW carrier

	E-UTRA in Band 40
	2300-2400
	-27
	PREFSENS + 6dB*
	CW carrier

	Note*: 
PREFSENS depends on the channel bandwidth as specified in Table 6.3.1.3-1.



3 Conclusion
This paper gives some text proposals on receiver requirements of TD-LTE HeNB, which is proposed to be endorsed into the technical report.
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