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1
Introduction

In TSG-RAN#57 a new study item, “Study on UMTS Heterogeneous Networks”, was approved [1]. In this contribution we provide a text proposal on the downlink control channel evaluations based on [3]

 REF _Ref364816557 \r \h 
[4]

 REF _Ref364816559 \r \h 
[5]

 REF _Ref364816561 \r \h 
[6]

 REF _Ref364816563 \r \h 
[7]

 REF _Ref364816564 \r \h 
[8].
2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.x.2 Downlink control channel evaluations

7.x.2.1 Evaluation methodology

A simplified HetNet model with one serving LPN and one dominant interfering Macro is considered. The network comprises 19 Macro nodes, and each of them has 3 sectors. The 19 times 3 Macro cells form a hexagonal grid. One of the Macro cells becomes the dominant interferer of the LPN, whereas the rest of the Macro cells are regarded as additional interference radiators, whose transmission power ratio can be scaled according to the traffic loads. Figure 1shows the dominant interfering Macro cell, the LPN and UEs possible locations. 
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Figure 1. Simulation scenario for link analysis

Table 1 shows the parameters used in the simulations. 
Table 1. System simulation assumptions
	Parameter
	Value

	CIO
	0dB, 3dB, 6dB, 9dB, 12dB

	Number of antennas at the UE
	1 and 2

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres
LPN: L=140.7 + 36.7log10(R), R in kilometres

	Penetration loss
	20dB

	Shadow Fading
	Not applied

	NodeB Antenna Gain
	14dBi for Macro and 5dBi for LPN

	NodeB Transmit Powers 
	Macro:  43 dBm

LPN:  30 dBm

	UE Antenna Gain
	0dB

	Effective Path Loss (EPL)
	Path loss + Penetration Loss – NodeB Antenna Gain– UE antenna gain

	Transmit Powers for Physical Channels NOT considered for Power Control
	 P-CPICH  Ec/Ior = -10dB

 P-CCPCH Ec/Ior = -12dB

 PICH         Ec/Ior = -15dB

 SCH          Ec/Ior = -12dB

 HS-PDSCH Ec/Ior = -3.5 dB

OCNS: OVSF indices and relative powers of the 6 codes are as in 3GPP TS 25.101 (Table C6). Total power of all OCNS codes is fixed in each slot = Ior- ∑c Pc, where Pc = average power of channel c in that slot. 

	Max F-DPCH Ec/Ior
	-10 dB

	Max HS-SCCH Ec/Ior
	-8 dB

	Min HS-SCCH Ec/Ior
	-18 dB

	Channel Estimation
	Realistic

	Propagation Channel
	PA3


Due to the lower transmit power of the LPN, the UL boundary is not aligned with the DL boundary. The smaller coverage area of LPN usually leads to a lower loading factor. Therefore, it is desirable to expand the DL coverage of LPN, and this can be achieved by cell biasing. Basically, the DL boundary of LPN can be pushed towards the direction of macro by the use of cell individual offset (CIO). CIO can be defined as the dB difference in received signal power from the macro and the LPN.

The serving LPN and the macro allocate the transmit power proportionally according to the Ec/Ior assigned to a particular control channel. At UE side, the power received from LPN and macros are calculated using the pathloss formula in Table 1. For the topology in Figure 1, Table X shows Ior and Ioc of LPN and its dominant macro interferer for given CIO values, where Ior represents the received power and Ioc includes the thermal noise as well as the interference from 56 outer macro cells as shown in Figure 1. As a result, the received power at UE consists of three parts, that is: the desired signal from LPN (Ior, LPN), the interference from dominant macro interference (Ior,macro) and the interference from outer cells plus noise (Ioc). Then the receiver of UE tries to decode the DL control channel of its serving LPN in the presence of interferences Ior,macro and Ioc. Table Y gives the Ior/Ioc values of LPN and the dominant macro interferer for fully loaded and unloaded situations.
Table X:   Ior and Ioc of LPN and its dominant interferer for CIO = 0, 3, 6, 9, 12 dB
	CIO
[dB]
	Ior, LPN [dBm]
	Ior, macro [dBm]
	Ioc (outer inference is fully loaded) [dBm]
	Ioc (outer interference is unloaded) [dBm]

	0
	-59.74
	-59.74
	-70.19
	-77.15

	3
	-62.37
	-59.37
	-70.07
	-77.04

	6
	-64.94
	-58.94
	-69.92
	-76.88

	9
	-67.43
	-58.43
	-69.72
	-76.69

	12
	-69.84
	-57.84
	-69.47
	-76.44


Table Y:   Ior/Ioc of LPN and its dominant Macro interferer for CIO = 0, 3, 6, 9, 12 dB
	CIO
[dB]
	Ior/Ioc, LPN (fully loaded)

[dB]
	Ior/Ioc, macro (fully loaded)

[dB]
	Geometry with LPN serving (fully loaded)
[dB]
	Ior/Ioc, LPN (unloaded)
[dB]
	Ior/Ioc, macro (unloaded)
[dB]

	0
	10.45
	10.45
	-0.37 
	17.41
	17.41

	3
	7.70
	10.70
	-3.35 
	14.67
	17.67

	6
	4.98
	10.98
	-6.33 
	11.94
	17.94

	9
	2.29
	11.29
	-9.31 
	9.26
	18.26

	12
	-0.37
	11.63
	-12.29 
	6.60
	18.60

	15
	-3.01
	11.99
	-15.27 
	
	


7.x.2.2 Evaluation of F-DPCH performance and impact on the uplink
Evaluation from source [ref toR1-133605]
Simulation results for two sets of UE locations are shown.
Set 1. UE is located at the point where the difference in the geometry equals the CIO value in Figure Y.
Set 2. UE can be located at any of the L1,…,L6 locations and the UE association is determined based on the Ior difference between Macro and LPN, and the CIO. All Macro cells are fully loaded. The interference environment for UE placed at any of the L1,…,L6 locations is listed in Table XX, where LPN_Ior is the received signal power from the LPN, Macro_Ior is the received signal power from the major interfering Macro cell, and Ioc is the sum of received signal from all other 56 Macro cells.
Table XX: Ior and Ioc of LPN and its dominant interferer (outer cells are fully loaded)
	UE Location
	LPN_Ior
[dBm]
	Macro_Ior [dBm]
	LPN_Ior – Macro_Ior
	Ioc [dBm]

	L1
	-69.8104
	-57.892
	-11.9184
	-69.4917

	L2
	-66.9044
	-58.5909
	-8.3135
	-69.785

	L3
	-63.3478
	-59.2611
	-4.0867
	-70.0322

	L4
	-58.7626
	-59.9049
	1.1423
	-70.238

	L5
	-52.3001
	-60.5243
	8.2242
	-70.4069

	L6
	-41.2521
	-61.1211
	19.869
	-70.5431


When LPN_Ior - Macro_Ior >= CIO (RSCP based), then LPN is selected as the serving cell of the UE. Otherwise, Macro is the serving cell. Table YY lists the UE locations that can be served by LPN with different CIOs.

Table YY: UE locations that can be served by LPN with different CIOs

	CIO (dB)
	12
	9
	6
	3
	0

	UE locations
	L1,...,L6
	L2,...,L6
	L3,...,L6
	L4,...,L6
	L4,...,L6


As L4,...,L6 can already be served by LPN with CIO=0dB, the downlink control channel performance is evaluated in locations L1, L2 and L3. The geometry for an LPN UE is defined as
Geometry = (LPN_Ior / (Macro_Ior + Ioc)).
The UE geometry at L1,L2,L3 locations when LPN is the serving cell is given in Table X.
Table X: LPN UE geometry when served by LPN (other cells fully loaded)

	UE Location
	Geometry with LPN serving (dB)

	L1
	-12.2089

	L2
	-8.63146

	L3
	-4.43592


The performance of F-DPCH with 1 rx and 2 rx UE, Rake receiver, is evaluated. Realistic path search is used at the receiver. TPC BER is considered in the F-DPCH performance evaluation without the consideration of the erasure threshold. The TPC BER target is set to 4%. The following table shows the F-DPCH evaluation results. Erasure behaviour is not modeled in the calculation of BER. 

Table X: TPC BER and averaged F-DPCH Ec/Ior (set 1)
	CIO (dB)
	1 rx UE
	2 rx UE

	
	Averaged F-DPCH Ec/Ior (dB)
	BER
	Averaged F-DPCH Ec/Ior (dB)
	BER

	0
	-17.4
	3.7%
	-22.5
	4.1%

	3
	-15.1
	4.2%
	-19.6
	4.2%

	6
	-11
	5.6%
	-16.8
	4.6%

	9
	-10.3
	8.8%
	-13.1
	3.8%

	12
	-10.1
	14.1%
	-10.3
	4%

	15
	-10
	21.7%
	-10
	8.7%


Table X: TPC BER and averaged F-DPCH Ec/Ior (set 2)
	UE Location
	1 rx UE
	2 rx UE

	
	Averaged F-DPCH Ec/Ior (dB)
	BER
	Averaged F-DPCH Ec/Ior (dB)
	BER

	L1
	-10.56
	14%
	-10.49
	4.1%

	L2
	-10.41
	7.9%
	-14.72
	4.6%

	L3
	-11.76
	4.1%
	-18.59
	4.2%


From the simulation results, it can be seen that for 1 rx UE, the TPC BER cannot converge to 4% with CIO larger 6dB, even with the maximum F-DPCH power. For 2 rx UE, the TPC BER can converge to 4% even with a 12dB CIO. 
When the CIO is large, the required F-DPCH Ec/Ior to reach 4% BER is also large. From the simulation results, one can see that relaxing the TPC BER target to a higher value can reduce the required F-DPCH Ec/Ior. According to 25.331, the highest TPC BER target set by the network is 10%. It is then of interest to look at the uplink performance when F-DPCH TPC BER is higher than 4%.

Impact of F-DPCH performance on the uplink

FRC3 traffic is assumed for the uplink simulations. UE changes the transmit DPCCH power in accordance with the detected TPC bit, i.e. either down or up. PA3 channel is simulated.

Table 1. FRC3 
	Fixed Ref Channel
	TTI [ms]
	NINF
	SF1
	SF2
	SF3
	SF4
	NBIN
	Coding rate
	Max inf bit rate [kbps]

	FRC3
	2
	8100
	2
	2
	4
	4
	11520
	0.703
	4050.0


The following figure shows the throughput performance of FRC3 with 4%, 10%, 15% and 20% TPC BER. It can be seen that when close to the peak throughput, the difference in UE transmit power is very small even when TPC BER is 15%. When TPC BER is 20%, excessive transmit power is needed.
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Figure X: UL throughput with TPC BER of 4%, 10%, 15% and 20%

The results in Figure X show that with TPC BER of 10-15% the impact on UL performance is small. This seems to suggest that a higher TPC BER target (higher than 4%) for the LPN UE in range expansion region can be use. This could effectively save the transmit power on F-DPCH.

From the evaluation of F-DPCH, it is observed that for single antenna UE, F-DPCH has sufficient reception quality for CIO up to 6dB for single antenna UE and CIO up to 9dB for dual antenna UE. 
Evaluation from source [ref to R1-133792]
In order to guarantee the reliability of control signalling in an interference-limited environment without wasting the transmit power in DL, the F-PDCH channel is operated under power control mode, and the TPC bits for F-DPCH is sent on the UL DPCCH. In this study, we impose an upper bound on the Ec/Ior of power controlled F-DPCH as shown in Table X. 
The F-DPCH is power controlled to meet the BER target of 4%. Ideal uplink for DL TPC is assumed in this study. The dynamic range of F-DPCH Ec/Ior is set to [-30 dB, -10 dB]. Tables 3-5 show the average Ec/Ior, BER and erasure rate of F-DPCH channel. For those cases that the BER target cannot be met, the corresponding Ec/Ior, BER and erasure rate are highlighted. 

It can be observed from Table 5 that when UE is equipped with single receive antenna, the F-DPCH channel alone can consume a significant amount of transmit power in order to meet the BER target of 4% and to accommodate CIO >0 dB in fading channels. From Table 3, we can see that when CIO ≥ 9 dB, the 4% target cannot be met for UE with single receive antenna, no matter the outer cell interference is fully loaded or unloaded. Using dual receive antennas can ameliorate the situation to some extent, but the BER target still cannot be met when CIO ≥ 12 dB even though the Ec/Ior level of F-DPCH reaches the upper bound of -10 dB.
Table 3: Average BER for power controlled F-DPCH
	BER Target of F-DPCH
	Propagation

Condition
	CIO [dB]
	Average BER of TPC Bits of F-DPCH 

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	4%
	PA3
	0
	0.01
	0.00
	0.01
	0.01

	
	
	3
	0.03
	0.01
	0.03
	0.01

	
	
	6
	0.07
	0.01
	0.07
	0.01

	
	
	9
	0.14
	0.03
	0.13
	0.03

	
	
	12
	0.24
	0.07
	0.23
	0.07

	
	PB3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.03
	0.00
	0.02
	0.00

	
	
	9
	0.10
	0.02
	0.09
	0.01

	
	
	12
	0.27
	0.08
	0.24
	0.07

	
	VA30
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.03
	0.00
	0.02
	0.00

	
	
	9
	0.08
	0.02
	0.07
	0.01

	
	
	12
	0.20
	0.07
	0.19
	0.06

	
	VA120
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.03
	0.01
	0.03
	0.01

	
	
	9
	0.07
	0.02
	0.06
	0.02

	
	
	12
	0.16
	0.07
	0.15
	0.06


Table 4: Average erasure rate for power controlled F-DPCH
	BER Target of F-DPCH
	Propagation

Condition
	CIO [dB]
	Average Erasure Rate of TPC Bits of F-DPCH 

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	4%
	PA3
	0
	0.01
	0.00
	0.01
	0.00

	
	
	3
	0.02
	0.00
	0.02
	0.00

	
	
	6
	0.04
	0.00
	0.04
	0.00

	
	
	9
	0.10
	0.01
	0.09
	0.01

	
	
	12
	0.18
	0.04
	0.17
	0.04

	
	PB3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.01
	0.00
	0.01
	0.00

	
	
	9
	0.06
	0.00
	0.05
	0.00

	
	
	12
	0.20
	0.04
	0.18
	0.03

	
	VA30
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.02
	0.00
	0.02
	0.00

	
	
	12
	0.10
	0.01
	0.09
	0.01

	
	VA120
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.01
	0.00
	0.01
	0.00

	
	
	12
	0.03
	0.01
	0.03
	0.01


Table 5: Average Ec/Ior for power controlled F-DPCH
	BER Target of F-DPCH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior [dB]of F-DPCH 

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	4%
	PA3
	0
	-14.92
	-18.48
	-15.39
	-19.04

	
	
	3
	-12.39
	-16.07
	-12.96
	-16.68

	
	
	6
	-10.13
	-13.54
	-10.20
	-14.15

	
	
	9
	-10.04
	-10.42
	-10.05
	-11.26

	
	
	12
	-10.00
	-10.04
	-10.02
	-10.07

	
	PB3
	0
	-13.62
	-16.78
	-13.86
	-17.02

	
	
	3
	-11.62
	-14.61
	-11.87
	-14.93

	
	
	6
	-10.04
	-12.17
	-10.05
	-12.48

	
	
	9
	-10.01
	-10.04
	-10.02
	-10.05

	
	
	12
	-10.00
	-10.01
	-10.01
	-10.01

	
	VA30
	0
	-12.87
	-16.41
	-13.13
	-16.68

	
	
	3
	-10.24
	-14.12
	-10.48
	-14.44

	
	
	6
	-10.04
	-11.50
	-10.04
	-11.81

	
	
	9
	-10.01
	-10.04
	-10.02
	-10.04

	
	
	12
	-10.00
	-10.01
	-10.01
	-10.01

	
	VA120
	0
	-11.84
	-15.72
	-12.06
	-16.01

	
	
	3
	-10.07
	-13.33
	-10.07
	-13.60

	
	
	6
	-10.03
	-10.64
	-10.03
	-10.95

	
	
	9
	-10.01
	-10.03
	-10.01
	-10.04

	
	
	12
	-10.00
	-10.01
	-10.00
	-10.01


The impact of the F-DPCH error and erasure on the uplink is shown in Table 6. For each of the CIO values, the erasure and errors were modelled on the F-DPCH channel on the downlink. When an erasure occurs, the UE does not apply the decoded TPC command but instead maintains the transmit power level unchanged. The Tx and Rx Ec/No losses corresponding to the error and erasures for the different CIO values are shown. 

Table 6: Impact of F-DPCH erasure and error on the Uplink
	Channel
	CIO
	Single RX
	Dual Rx

	
	
	Tx Ec/No Loss [dB]
	Rx Ec/No Loss [dB]
	Tx Ec/No Loss [dB]
	Rx Ec/No Loss [dB]

	PA 3
	0
	0.00
	0.00
	0.00
	0.00

	
	3
	0.00
	0.00
	0.00
	0.02

	
	6
	0.12
	0.09
	0.00
	0.03

	
	9
	0.26
	0.25
	0.00
	0.03

	
	12
	0.61
	0.61
	0.12
	0.04

	VA 30
	0
	0.00
	0.00
	0.00
	0.00

	
	3
	0.03
	0.05
	0.03
	0.05

	
	6
	0.09
	0.13
	0.09
	0.13

	
	9
	0.20
	0.30
	0.19
	0.26

	
	12
	0.62
	0.86
	0.32
	0.48


As seen in Table 6, the uplink impact becomes pronounced when CIO values exceed 9dB for both the single and dual Rx antenna cases. 
7.x.2.3 Evaluation of E-HICH performance
Evaluation from source [ref to R1-133605]
In this evaluation the transmit power of E-HICH is fixed and the relative BLER for different E-HICH Ec/Ior values is given. Single antenna UE and PA3 channel are assumed in the link level simulations. Rake receiver with realistic path searcher is used. The 3-slot E-HICH format is simulated.

E-HICH performance test depends on UE association. When LPN is the serving cell, false alarm rate (FAR) is P(DTX or NACK -> ACK). Miss detection rate (MDR) is P(ACK -> DTX or NACK). When LPN is the non-serving cell, FAR is P(DTX->ACK), and MDR is P(ACK->DTX). In the evaluation, a detection threshold is determined according to a FAR, with the transmitter sending an “all-DTX” pattern. Then, MDR is evaluated using that threshold, with the transmitter sending an “all-ACK” pattern. The following table shows the test cases according to the UE association. It can be seen that when LPN is the serving cell, the FAR is much higher when compared with the case when LPN is the non-serving cell. This is because the serving cell MDR for a UE uplink transmission is very low (MDR=0.1%).
Table 2. Test cases according to UE association

	Scenario
	Parameter
	Value

	Case 1: UE is not in soft handover and LPN is the serving cell
	Target Misdetection
	5%

	
	Target False Alarm
	10%

	Case 2: UE is in soft handover and LPN is the serving cell
	Target Misdetection 
	5%

	
	Target False Alarm
	10%

	Case 3: UE is in soft handover and LPN is the non-serving cell
	Target Misdetection 
	5%

	
	Target False Alarm
	0.2%


The offset for event 1A/1B is 4.5dB. The test cases for the UE in different locations with various CIOs are listed in Table X, where an empty space means that the UE is only served by the Macro, and the LPN is not transmitting E-HICH.

Table X: Test cases for UE in different locations with various CIOs

	CIO (dB)
	L1
	L2
	L3

	0
	
	
	Case 3

	3
	
	
	Case 3

	6
	
	Case 3
	Case 2

	9
	Case 3
	Case 2
	Case 1

	12
	Case 2
	Case 2
	Case 1


E-HICH performance for the above test cases is shown in Table X. 
Table X: E-HICH performance (set 2)
	UE Location
	L1
	L2
	L3

	Test Case
	Case 2 
LPN Serving CIO=12dB
	Case 3
Macro Serving CIO=9dB
	Case 2
LPN Serving CIO=9,12dB
	Case3
Macro Serving CIO=6dB
	Case1/2
LPN Serving CIO=6,9,12dB
	Case3
Macro Serving CIO=0,3dB

	E-HICH Ec/Ior
	-10dB 
	-10dB 
	-14dB
	-10dB 
	-20dB
	-14dB 

	E-HICH MDR
	5%
	17% 
	3.6%
	5.9%
	4%
	4%


Table X: E-HICH performance (set 1)
	CIO (dB)
	1 rx UE
	2 rx UE

	
	LPN serving
	LPN non-serving
	LPN serving
	LPN non-serving

	
	Ec/Ior (dB)
	MDR
	Ec/Ior (dB)
	MDR
	Ec/Ior (dB)
	MDR
	Ec/Ior (dB)
	MDR

	0
	-26
	6%
	-20
	5.9%
	-32
	5.4%
	-27
	5.9%

	3
	-22
	4.9%
	-16
	4.9%
	-29
	5%
	-24
	5.7%

	6
	-18
	4.4%
	-12
	4.5%
	-26
	5.1%
	-20
	4.1%

	9
	-14
	4.5%
	-10
	7.4%
	-22
	4.2%
	-17
	5%

	12
	-10
	5.2%
	-10
	17.1%
	-19
	5.1%
	-13
	5.1%

	15
	-10
	25.9%
	-10
	31.5%
	-14
	4.4%
	-10
	7.7%


Simulation results show that when the LPN is the serving cell, detection performance is much better than when LPN is the non-serving cell. To evaluate whether a UE can support a certain CIO, both cases when LPN is the serving cell and when LPN is the non-serving cell need to be considered. For CIO=6dB, the UE location at CIO=6dB for serving LPN, and the location at CIO=10.5dB (considering that the offset for event 1A/1B is 4.5dB) for non-serving LPN. 
For single antenna UE, the 5% MDR can be reached for CIO=0dB and 3dB. For CIO=6dB, E-HICH MDR would be slightly higher than 5% when LPN is the non-serving cell. CIO=6dB would be the largest value that can be used, otherwise the MDR would be too high when LPN is the non-serving cell, even with -10dB E-HICH Ec/Ior. For dual antenna UE, the reception quality substantially improves, and a CIO of 9dB can be used. The required E-HICH power is also reduced. In order to save E-HICH power and achieve better LPN E-HICH reception quality for UE, 10ms E-DCH can be used for larger CIOs.
Evaluation from source [ref to R1-133673]
Assuming the target for the false alarm rate (FAR) is 10% and the target for the missed detection rate (MDR) is 5%, Table 3-5 show the FAR, MDR along with the average Ec/Ior for the non-SHO situation, wherein the E-DCH TTI is 2ms and the E-HICH power offset is chosen as -6 dB (relative to F-DPCH) to satisfy the target FAR/MDR in large CIO scenarios. Table 6-8 show the FAR, MDR along with the average Ec/Ior for the SHO situation, wherein 10ms E-DCH TTI is assumed and the E-HICH power offset is chosen as -8 dB (relative to F-DPCH) to meet the target FAR/MDR in large CIO. 

It can be seen from Table 3-8 that the performance targets of FAR and MDR can be satisfied by UE with dual receive antennas in both SHO and non-SHO scenarios. Thanks to the use of power control, the required Ec/Ior is under -16 dB for 2ms TTI and under -18 dB for 10ms TTI. For UE with single receive antenna, the performance targets can be met for most of the CIOs at a higher level of average Ec/Ior.
Table 3: FAR of power controlled E-HICH (non-SHO, 2ms E-DCH TTI)
	FAR Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Fully Loaded

	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX


	FAR≤10%
	PA3
	0
	0.05
	0.05
	0.01
	0.01

	
	
	3
	0.06
	0.06
	0.03
	0.02

	
	
	6
	0.09
	0.06
	0.07
	0.03

	
	
	9
	0.13
	0.07
	0.11
	0.04

	
	
	12
	0.20
	0.10
	0.18
	0.07

	
	PB3
	0
	0.07
	0.07
	0.07
	0.07

	
	
	3
	0.07
	0.07
	0.07
	0.07

	
	
	6
	0.08
	0.08
	0.08
	0.08

	
	
	9
	0.15
	0.08
	0.10
	0.08

	
	
	12
	0.21
	0.09
	0.17
	0.09

	
	VA30
	0
	0.05
	0.06
	0.05
	0.05

	
	
	3
	0.06
	0.06
	0.06
	0.05

	
	
	6
	0.07
	0.06
	0.07
	0.06

	
	
	9
	0.09
	0.07
	0.08
	0.07

	
	
	12
	0.11
	0.08
	0.09
	0.08

	
	VA120
	0
	0.05
	0.05
	0.05
	0.05

	
	
	3
	0.06
	0.06
	0.06
	0.06

	
	
	6
	0.08
	0.07
	0.06
	0.07

	
	
	9
	0.09
	0.08
	0.07
	0.07

	
	
	12
	0.10
	0.08
	0.08
	0.08


Table 4: MDR of power controlled E-HICH (non-SHO, 2ms E-DCH TTI, E2F=-6 dB)
	MDR Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior [dB] (MDR)

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	MDR≤5%
	PA3
	0
	0.01
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.02
	0.00
	0.02
	0.00

	
	
	9
	0.03
	0.01
	0.03
	0.01

	
	
	12
	0.05
	0.02
	0.05
	0.02

	
	PB3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.01
	0.00
	0.01
	0.00

	
	
	9
	0.03
	0.00
	0.03
	0.00

	
	
	12
	0.08
	0.03
	0.07
	0.02

	
	VA30
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.01
	0.00
	0.01
	0.00

	
	
	9
	0.04
	0.00
	0.04
	0.00

	
	
	12
	0.13
	0.03
	0.09
	0.03

	
	VA120
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.01
	0.00
	0.01
	0.00

	
	
	12
	0.10
	0.01
	0.08
	0.01


Table 5: Average Ec/Ior of power controlled E-HICH (non-SHO, 2ms E-DCH TTI, E2F=-6 dB)
	Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior [dB] (MDR)

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	MDR≤ 5%
FAR ≤ 10%
	PA3
	0
	-20.94
	-24.51
	-21.74
	-25.05

	
	
	3
	-18.37
	-22.09
	-18.79
	-22.70

	
	
	6
	-16.13
	-19.53
	-16.19
	-20.17

	
	
	9
	-16.04
	-16.39
	-16.05
	-17.28

	
	
	12
	-16.02
	-16.04
	-16.03
	-16.07

	
	PB3
	0
	-19.62
	-22.83
	-19.84
	-23.00

	
	
	3
	-17.57
	-20.59
	-17.85
	-20.91

	
	
	6
	-16.04
	-18.15
	-16.05
	-18.47

	
	
	9
	-16.01
	-16.04
	-16.02
	-16.05

	
	
	12
	-16.00
	-16.01
	-16.00
	-16.01

	
	VA30
	0
	-18.88
	-22.41
	-19.12
	-22.66

	
	
	3
	-16.23
	-20.12
	-16.51
	-20.48

	
	
	6
	-16.04
	-17.51
	-16.04
	-17.85

	
	
	9
	-16.02
	-16.03
	-16.02
	-16.04

	
	
	12
	-16.01
	-16.01
	-16.01
	-16.01

	
	VA120
	0
	-17.86
	-21.74
	-18.06
	-22.01

	
	
	3
	-16.07
	-19.35
	-16.07
	-19.60

	
	
	6
	-16.03
	-16.65
	-16.03
	-16.96

	
	
	9
	-16.01
	-16.03
	-16.01
	-16.04

	
	
	12
	-16.01
	-16.01
	-16.01
	-16.01


Table 6: FAR of power controlled E-HICH (SHO, 10ms E-DCH TTI)
	FAR Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Fully Loaded

	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	FAR≤10%
	PA3
	0
	0.07
	0.07
	0.07
	0.07

	
	
	3
	0.07
	0.06
	0.07
	0.07

	
	
	6
	0.08
	0.06
	0.08
	0.06

	
	
	9
	0.11
	0.06
	0.11
	0.07

	
	
	12
	0.17
	0.07
	0.16
	0.07

	
	PB3
	0
	0.06
	0.06
	0.06
	0.06

	
	
	3
	0.07
	0.07
	0.06
	0.06

	
	
	6
	0.08
	0.07
	0.07
	0.06

	
	
	9
	0.09
	0.07
	0.08
	0.07

	
	
	12
	0.15
	0.07
	0.14
	0.09

	
	VA30
	0
	0.05
	0.05
	0.05
	0.05

	
	
	3
	0.06
	0.05
	0.06
	0.05

	
	
	6
	0.07
	0.05
	0.07
	0.05

	
	
	9
	0.08
	0.07
	0.08
	0.06

	
	
	12
	0.10
	0.08
	0.09
	0.07

	
	VA120
	0
	0.05
	0.05
	0.05
	0.05

	
	
	3
	0.05
	0.05
	0.05
	0.05

	
	
	6
	0.06
	0.06
	0.05
	0.06

	
	
	9
	0.07
	0.06
	0.06
	0.06

	
	
	12
	0.08
	0.06
	0.07
	0.06


Table 7: MDR of power controlled E-HICH (SHO, 10ms E-DCH TTI, E2F=-8 dB)
	MDR Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior [dB] (MDR)

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	MDR≤5%
	PA3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.02
	0.00
	0.02
	0.00

	
	
	9
	0.03
	0.00
	0.03
	0.00

	
	
	12
	0.05
	0.02
	0.05
	0.01

	
	PB3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.02
	0.00
	0.02
	0.00

	
	
	12
	0.06
	0.02
	0.06
	0.01

	
	VA30
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.01
	0.00
	0.00
	0.00

	
	
	12
	0.04
	0.00
	0.04
	0.00

	
	VA120
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.00
	0.00
	0.00
	0.00

	
	
	12
	0.01
	0.00
	0.01
	0.00


Table 8: Average Ec/Ior of power controlled E-HICH (SHO, 10ms E-DCH TTI, E2F=-8 dB)
	MDR Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior [dB] (MDR)

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	MDR≤5%

FAR≤ 10%
	PA3
	0
	-22.93
	-26.49
	-23.38
	-27.03

	
	
	3
	-20.38
	-24.05
	-20.94
	-24.68

	
	
	6
	-18.13
	-21.53
	-18.20
	-22.15

	
	
	9
	-18.04
	-18.43
	-18.05
	-19.31

	
	
	12
	-18.02
	-18.04
	-18.02
	-18.07

	
	PB3
	0
	-21.61
	-24.80
	-21.87
	-25.03

	
	
	3
	-19.63
	-22.62
	-19.89
	-22.95

	
	
	6
	-18.04
	-20.16
	-18.05
	-20.49

	
	
	9
	-18.01
	-18.04
	-18.02
	-18.04

	
	
	12
	-18.00
	-18.01
	-18.01
	-18.01

	
	VA30
	0
	-20.87
	-24.43
	-21.13
	-24.68

	
	
	3
	-18.25
	-22.13
	-18.47
	-22.43

	
	
	6
	-18.04
	-19.50
	-18.04
	-19.81

	
	
	9
	-18.01
	-18.04
	-18.02
	-18.04

	
	
	12
	-18.01
	-18.01
	-18.01
	-18.01

	
	VA120
	0
	-19.82
	-23.74
	-20.05
	-24.00

	
	
	3
	-18.06
	-21.33
	-18.07
	-21.60

	
	
	6
	-18.03
	-18.65
	-18.03
	-18.96

	
	
	9
	-18.01
	-18.03
	-18.01
	-18.04

	
	
	12
	-18.00
	-18.01
	-18.00
	-18.01


7.x.2.4 Evaluation of HS-SCCH performance and impact on the downlink
Evaluation from source [ref to R1-133605]
In this evaluation, HS-SCCH type 1 is assumed. The HS-SCCH has a fixed power. Tables X and Y showed the BLER of HS-SCCH, HS-PDSCH throughput when HS-SCCH is ideally decoded, and the real throughput when the corresponding decoding error of HS-SCCH is considered. The HS-PDSCH Ec/Ior is always -3.5dB.

Table X: HS-SCCH performance and DL impact (set 1)
	UE Location
	1 rx UE
	2 rx UE

	
	Ec/Ior (dB)
	BLER
	Throughput, 
0% HS-SCCH BLER (kbps)
	Throughput,
real HS-SCCH BLER (kbps)
	Ec/Ior (dB)
	BLER
	Throughput, 
0% HS-SCCH BLER (kbps)
	Throughput,
real HS-SCCH BLER (kbps)

	L1
	-8
	45.7%
	36
	33.7
	-8
	13.7%
	72
	70

	L2
	-8
	24.4%
	80
	77.7
	-8
	3%
	226
	219

	L3
	-8
	8.3%
	249.2
	243.6
	-10
	1%
	665
	664


Table Y: HS-SCCH performance and DL throughput (set 2)
	CIO (dB)
	1 rx UE
	2 rx UE

	
	Ec/Ior (dB)
	BLER
	Throughput, 
0% HS-SCCH BLER (kbps)
	Throughput,
real HS-SCCH BLER (kbps)
	Ec/Ior
	BLER
	Tput w/ ideal HS-SCCH BLER (kbps)
	Tput w/ real HS-SCCH BLER (kbps)

	0
	-8
	2.2%
	624
	619
	-15
	1.3%
	1491
	1465

	3
	-8
	5.7%
	341
	332
	-12
	1.3%
	840
	835

	6
	-8
	13.9%
	133.3
	131.5
	-10
	2%
	427.9
	423.2

	9
	-8
	28%
	68.9
	66.8
	-8
	4.3%
	187.5
	185.5

	12
	-8
	46.2%
	35
	33
	-8
	14.2%
	70.4
	68.7

	15
	-8
	68.6%
	16.2
	14.1
	-8
	39.3%
	33.4
	30.4


From the simulation results, it can be seen that for single antenna UE, even for CIO=0dB the HS-SCCH BLER with maximum HS-SCCH Ec/Ior of -8dB cannot converge to 1%. However, the performance loss caused by HS-SCCH BLER is rather small even for large BLERs. For dual antenna UE, HS-SCCH BLER can reach 1% when UE is at CIO=0dB and 3dB. For CIO=9dB, the BLER is 4.3% with -8dB HS-SCCH Ec/Ior, and the performance loss is only 1%. 

As a result, an increased HS-SCCH BLER has only marginal impact on throughput at low geometry. However the power consumption is not marginal even for a single antenna UE at CIO=0dB. It can be observed then that for 1 rx UE, about 1% throughput loss is caused by HS-SCCH BLER when UE is at CIO=6dB location. For 2 rx UE, about 1% throughput loss is caused by HS-SCCH BLER when UE is at CIO=9dB location.
Evaluation from source [ref to R1-133793]
In order to guarantee the reliability of control signalling in an interference-limited environment without wasting the power in DL, power control is activated for HS-SCCH in our simulations. The power control of HS-SCCH can be implemented by the serving LPN based on the channel quality information (CQI) obtained from HS-DPCCH. In this study, we impose an upper bound on the Ec/Ior of power controlled HS control channels as shown in Table 1.  Targeting 1% BLER with power control, the actual BLER and the corresponding power requirements of HS-SCCH are given by Table 3 and 4, respectively. The dynamic range of Ec/Ior for HS-SCCH is set as [-18, -8] dB and a realistic outer loop adjustment was used in HS-SCCH power control. It can be observed from Table 3-4 that using single receive antenna, the 1% BLER target of HS-SCCH cannot be met when CIO ≥ 3dB for most of the cases studied, even though the transmit Ec/Ior operates at the upper bound -8 dB. Using dual receive antennas can effectively improve the BLER performance and reduce the power consumption, which makes the 1% target to be met for CIO up to 9 dB in most of the cases. If CIO were to be increased further to allow for more advanced receivers such as network assisted interference canceller (NA-IC), we would need to study further enhancement strategies for the HS-SCCH performance. This is because HS-PDSCH can benefit from NA-IC but the strict latency requirement on HS-SCCH decoding may prevent it from benefiting from advanced interference cancellation techniques.
To illustrate the impacts of power-controlled HS-SCCH channel, we also show the average throughput of HS-PDSCH with and without genie-aided ideal HS-SCCH decoding in Table 5 and 6, respectively, assuming the HARQ operates at 10% BLER target after the first transmission.  Moreover, the actual BLER of HS-PDSCH afer 1st transmission with and without ideal HS-SCCH decoding are shown in Table 7 and 8, respectively. It can be observed from Table 5-8 that compared with ideal HS-SCCH decoding, there is additional throughput loss due to higher BLER of realistic HS-SCCH decoding. Nevertheless, the performance loss of HS-PDSCH due to realistic HS-SCCH decoding is not significant. This is obvious for cases that CIO < 6 dB, since the BLER of HS-SCCH is lower than 0.05, and the difference between using ideal or realistic decoding for HS-SCCH is small.  For cases that CIO ≥ 6 dB and the BLER of HS-SCCH ≥ 0.05, the performance loss is not significant either since when HS-SCCH decoding fails, HS-PDSCH is also likely to decode unsuccessfully. Therefore, whether or not we have an ideal HS-SCCH decoder will not have much impact on the throughput of HS-PDSCH.

Table 3: BLER of power controlled HS-SCCH (BLER target = 1%)
	BLER Target of HS-SCCH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior of HS-SCCH [dB]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	1%
	PA3
	0
	0.02
	0.01
	0.02
	0.00

	
	
	3
	0.04
	0.01
	0.04
	0.01

	
	
	6
	0.10
	0.01
	0.09
	0.01

	
	
	9
	0.21
	0.01
	0.18
	0.01

	
	
	12
	0.34
	0.02
	0.32
	0.02

	
	PB3
	0
	0.01
	0.00
	0.01
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.01
	0.01
	0.01
	0.00

	
	
	9
	0.03
	0.01
	0.03
	0.01

	
	
	12
	0.13
	0.01
	0.11
	0.01

	
	VA30
	0
	0.02
	0.00
	0.02
	0.00

	
	
	3
	0.03
	0.00
	0.03
	0.00

	
	
	6
	0.05
	0.01
	0.05
	0.01

	
	
	9
	0.12
	0.02
	0.11
	0.02

	
	
	12
	0.32
	0.04
	0.28
	0.04

	
	VA120
	0
	0.02
	0.00
	0.02
	0.00

	
	
	3
	0.03
	0.01
	0.03
	0.00

	
	
	6
	0.07
	0.01
	0.07
	0.01

	
	
	9
	0.27
	0.03
	0.24
	0.03

	
	
	12
	0.38
	0.06
	0.35
	0.05


Table 4: Average Ec/Ior of power controlled HS-SCCH (BLER target = 1%)
	BLER Target of HS-SCCH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior of HS-SCCH [dB]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	1%
	PA3
	0
	-13.76
	-18.00
	-13.87
	-18.00

	
	
	3
	-11.52
	-17.71
	-12.01
	-17.89

	
	
	6
	-9.93
	-16.87
	-10.30
	-17.38

	
	
	9
	-8.89
	-14.91
	-9.15
	-16.17

	
	
	12
	-8.34
	-12.21
	-8.58
	-14.49

	
	PB3
	0
	-17.11
	-18.00
	-17.34
	-18.00

	
	
	3
	-15.27
	-18.00
	-15.80
	-18.00

	
	
	6
	-12.49
	-18.00
	-13.19
	-18.00

	
	
	9
	-8.79
	-17.36
	-9.44
	-17.99

	
	
	12
	-8.08
	-15.21
	-8.19
	-17.04

	
	VA30
	0
	-12.90
	-18.00
	-13.27
	-18.00

	
	
	3
	-10.76
	-18.00
	-11.19
	-18.00

	
	
	6
	-9.12
	-14.90
	-9.50
	-16.87

	
	
	9
	-8.30
	-11.60
	-8.47
	-13.19

	
	
	12
	-8.04
	-9.05
	-8.09
	-10.10

	
	VA120
	0
	-12.96
	-18.00
	-13.40
	-18.00

	
	
	3
	-10.73
	-18.00
	-11.20
	-18.00

	
	
	6
	-8.88
	-14.17
	-9.23
	-15.59

	
	
	9
	-8.09
	-9.96
	-8.16
	-10.93

	
	
	12
	-8.01
	-8.76
	-8.02
	-9.47


Table 5: Throughput of HS-PDSCH with realistic HS-SCCH decoding
	HS-PDSCH Mode
	Propagation

Condition
	CIO [dB]
	Average Throughput of HS-PDSCH [kbps]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	VRC, Target 1st Transmission BLER 10%
	PA3
	0
	1128.97
	3503.50
	1217.90
	4357.53

	
	
	3
	617.32
	2526.06
	725.22
	3496.92

	
	
	6
	303.91
	1699.67
	380.15
	2709.07

	
	
	9
	144.62
	1046.25
	165.33
	1876.81

	
	
	12
	69.45
	545.54
	84.29
	1215.35

	
	PB3
	0
	951.96
	3000.04
	1057.04
	3518.26

	
	
	3
	548.79
	2144.32
	646.70
	2782.10

	
	
	6
	304.21
	1397.58
	357.81
	2039.95

	
	
	9
	142.67
	843.18
	180.83
	1374.73

	
	
	12
	68.46
	473.31
	73.89
	824.58

	
	VA30
	0
	387.91
	1763.97
	442.70
	2181.42

	
	
	3
	213.42
	1116.95
	240.64
	1485.59

	
	
	6
	109.85
	610.74
	126.81
	869.38

	
	
	9
	60.19
	277.80
	67.26
	430.99

	
	
	12
	32.91
	112.96
	38.01
	169.34

	
	VA120
	0
	449.10
	1917.70
	503.00
	2321.18

	
	
	3
	223.05
	1188.05
	263.12
	1556.89

	
	
	6
	107.37
	583.94
	123.26
	813.49

	
	
	9
	42.44
	194.48
	48.01
	269.13

	
	
	12
	21.62
	100.06
	25.23
	137.59


Table 6: Throughput of HS-PDSCH with ideal HS-SCCH decoding
	HS-PDSCH Mode
	Propagation

Condition
	CIO [dB]
	Average Throughput of HS-PDSCH [kbps]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	VRC, Target 1st Transmission BLER 10%
	PA3
	0
	1133.90
	3511.53
	1224.40
	4366.15

	
	
	3
	623.96
	2540.91
	744.75
	3559.33

	
	
	6
	313.81
	1705.04
	398.31
	2715.41

	
	
	9
	160.81
	979.32
	180.73
	1900.84

	
	
	12
	76.18
	557.69
	100.51
	1227.56

	
	PB3
	0
	968.09
	3005.84
	1070.47
	3518.65

	
	
	3
	557.55
	2151.94
	660.75
	2787.97

	
	
	6
	315.34
	1412.16
	364.19
	2068.80

	
	
	9
	147.21
	874.08
	191.08
	1378.67

	
	
	12
	70.37
	475.25
	84.75
	831.33

	
	VA30
	0
	396.81
	1783.21
	445.61
	2184.98

	
	
	3
	215.26
	1124.09
	241.99
	1482.96

	
	
	6
	111.75
	616.08
	131.61
	879.05

	
	
	9
	66.47
	285.90
	74.26
	433.40

	
	
	12
	42.21
	115.02
	46.41
	168.93

	
	VA120
	0
	452.58
	1927.34
	498.30
	2319.33

	
	
	3
	231.53
	1193.64
	265.40
	1549.24

	
	
	6
	111.63
	588.82
	127.51
	821.45

	
	
	9
	58.07
	198.37
	63.11
	268.44

	
	
	12
	40.48
	111.66
	43.98
	144.41


Table 7: BLER of HS-PDSCH after 1st transmission with realistic HS-SCCH decoding
	HS-PDSCH Mode
	Propagation

Condition
	CIO [dB]
	BLER of HS-PDSCH after 1st Transmission

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	VRC, Target 1st Transmission BLER 10%
	PA3
	0
	0.11
	0.10
	0.11
	0.10

	
	
	3
	0.12
	0.11
	0.12
	0.11

	
	
	6
	0.15
	0.11
	0.14
	0.11

	
	
	9
	0.20
	0.11
	0.18
	0.11

	
	
	12
	0.30
	0.11
	0.27
	0.11

	
	PB3
	0
	0.11
	0.10
	0.11
	0.10

	
	
	3
	0.11
	0.10
	0.11
	0.10

	
	
	6
	0.11
	0.10
	0.11
	0.10

	
	
	9
	0.14
	0.11
	0.11
	0.11

	
	
	12
	0.26
	0.11
	0.19
	0.11

	
	VA30
	0
	0.12
	0.10
	0.13
	0.10

	
	
	3
	0.13
	0.10
	0.14
	0.10

	
	
	6
	0.16
	0.11
	0.16
	0.11

	
	
	9
	0.24
	0.12
	0.23
	0.12

	
	
	12
	0.46
	0.14
	0.43
	0.14

	
	VA120
	0
	0.12
	0.10
	0.12
	0.10

	
	
	3
	0.13
	0.11
	0.13
	0.10

	
	
	6
	0.17
	0.11
	0.16
	0.11

	
	
	9
	0.35
	0.13
	0.32
	0.13

	
	
	12
	0.60
	0.15
	0.55
	0.15


Table 8: BLER of HS-PDSCH after 1st transmission with ideal HS-SCCH decoding
	HS-PDSCH Mode
	Propagation

Condition
	CIO [dB]
	BLER of HS-PDSCH after 1st Transmission

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	VRC, Target 1st Transmission BLER 10%
	PA3
	0
	0.10
	0.10
	0.10
	0.10

	
	
	3
	0.11
	0.10
	0.11
	0.10

	
	
	6
	0.14
	0.10
	0.13
	0.10

	
	
	9
	0.19
	0.10
	0.18
	0.10

	
	
	12
	0.28
	0.11
	0.27
	0.11

	
	PB3
	0
	0.10
	0.10
	0.10
	0.10

	
	
	3
	0.10
	0.10
	0.10
	0.10

	
	
	6
	0.10
	0.10
	0.10
	0.10

	
	
	9
	0.12
	0.10
	0.11
	0.10

	
	
	12
	0.20
	0.10
	0.18
	0.10

	
	VA30
	0
	0.11
	0.10
	0.11
	0.10

	
	
	3
	0.12
	0.10
	0.12
	0.10

	
	
	6
	0.14
	0.10
	0.14
	0.10

	
	
	9
	0.22
	0.10
	0.21
	0.11

	
	
	12
	0.45
	0.12
	0.40
	0.12

	
	VA120
	0
	0.10
	0.10
	0.10
	0.10

	
	
	3
	0.10
	0.10
	0.10
	0.10

	
	
	6
	0.11
	0.10
	0.11
	0.10

	
	
	9
	0.23
	0.10
	0.20
	0.10

	
	
	12
	0.52
	0.11
	0.45
	0.11


The results show that for single Rx UEs, the loss in HS-PDSCH throughput is around 5% due to HS-SCCH decoding until a CIO of 6dB and increases to up to 46% for a CIO of 12dB. Therefore, CIO values beyond 6dB are not recommended for single RX users.

For dual Rx UEs, the performance degradation is not significant up to a CIO of 9dB. The loss in throughput increases to up to 10% for CIO 12dB. Therefore, for dual Rx UEs, a CIO of less than 9dB is recommended.
Evaluation from source [ref to R1-133636]
Performance of downlink control channel (HS-SCCH) by link level simulations for PedA channel is evaluated. No power control is assumed.  Simulation model as described in [xx] is used. RAKE receiver is used for our analysis. Figure 1 shows the message error probability as a function of transmit Ec/Ior in dB when Ioc = 0 dB and receive Ior/No = 0 dB. (The noise power spectral density, No, is assumed 0 dB for the below discussion.) This is the typical case at cell boundaries. We also plotted the performance with Ioc = -100 dB, that is without any interference. It can be observed that 3 dB of additional power is needed to maintain the same message error probability of 1% with Ioc = 0 dB as compared to that of no interference.
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Figure 1 Impact of HS-SCCH channel performance with the interference power at receive Ior/No = 0 dB.
Figure 2 shows the message error probability as a function of transmit Ec/Ior in dB when Ioc = 0 dB and receive Ior/No = 5 dB. We also plotted the performance with Ioc = -100 dB, that is without any interference. In this case 6 dB of additional power is needed to maintain the same message error probability of 1% with Ioc = 0 dB as compared to that of no interference. That is the impact of downlink control channel is severe as we increase the geometry. 
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Figure 2 Impact of HS-SCCH channel performance with the Interference power at receive Ior/No = 5 dB.
Figures 3 and 4 shows the Ec/Ior in dB with Ioc = -5 dB  when Ior/No = 0 dB and 5 dB respectively. In this case the impact is minimal as the interference power is less.
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Figure 3 Impact of HS-SCCH channel performance with the Interference power at receive Ior/No = 0 dB
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Figure 4 Impact of HS-SCCH channel performance with the Interference power at receive Ior/No = 5 dB
The impact on HS-SCCH link performance is tabulated in Table 1 for PedA channel. It can be observed that performance is worse and there might be instances for example when the user geometry (receive Ior/No) is high and there is an interferer with Ioc = 0 dB. In these cases, it might be needed to increase Ec/Ior by 10 dB to maintain the message error probability of 1%.
Table 1 HS-SCCH performance for PedA channel

	Ec/Ior  required for achieving  1% message error probability

	User geometry (Ior/No) in dB
	Ioc = -100 dB

(Macro only )
	  Co-channel deployment

	
	
	Ioc = 0 dB
	Ioc = -5 dB

	0

	-15.1 dB
	-12 dB
	-15 dB

	5
	-19.6 dB
	-13.4 dB
	-19.4 dB

	10
	-22.9 dB
	-13.7 dB
	-22.3 dB

	15
	-24.3 dB
	-13.9 dB
	-23.6 dB

	20
	-24.9 dB
	-13.95 dB
	-24.1 dB


It is observed that Node B needs to allocate additional power to maintain the HS-SCCH message error probability of 1%. Due to this power allocated for downlink control channel the power allocated for HS-PDSCH decreases. Hence the gains in HetNet will decrease. The impact due to additional power overhead is evaluated via system simulations. The system simulation assumptions are the same as in Table X in Appendix Y, except the power for HS-PDSCH set to 70%.

Table 2 shows the reduction in co-channel deployment gains due to additional pilot overhead. It can be observed that gains are reducing by approximately 20% due to this additional power.

Table 2 System level gain in co-channel deployment

	Throughput  Metric
	% of gain with Ideal HS-SCCH reception
	% of gain with additional power overhead for HS-SCCH reception

	Average Sector Throughput
	213
	191

	Average User Throughput
	212
	190.5


7.x.2.5 Total power overhead for F-DPCH, E-HICH and HS-SCCH
Table X shows the power overhead for F-DPCH, E-HICH and HS-SCCH. The control channels are power controlled.
	CIO
	F-DPCH  
[dB]
	HS-SCCH  
[dB]
	E-HICH  
[dB]
	Total power

[dB]
	Total power 
[%]

	
	
	
	
	
	

	 
	1 Rx
	2 Rx
	1 Rx
	2 Rx
	1 Rx
	2 Rx
	1 Rx
	2 Rx
	1 Rx
	2 Rx

	0
	-14.92
	-18.48
	-14.09
	-18
	-20.94
	-24.51
	-11.0095
	-14.7393
	7.93%
	3.36%

	3
	-12.39
	-16.07
	-11.81
	-17.78
	-18.37
	-22.09
	-8.59653
	-13.2267
	13.81%
	4.76%

	6
	-10.13
	-13.54
	-9.99
	-16.83
	-16.13
	-19.53
	-6.54313
	-11.1832
	22.17%
	7.62%

	9
	-10.04
	-10.42
	-8.97
	-14.96
	-16.04
	-16.39
	-6.00782
	-8.36663
	25.07%
	14.57%


From the results above it is observed that F-DPCH has the major contribution to the total power overhead of these control channels. The F-DPCH power can be reduced by relaxing the operating TPC BER target above 4%. For dual antenna UE, the power overhead is below 15% for CIO up to 9dB. 
7.x.2.6 Conclusion
Based on this study, it is possible to operate at a CIO of 9dB for dual antenna UE. Some problems may be caused by CIOs exceeding 6dB (1 RX) and 9 dB (2RX), respectively.
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

It is proposed to agree to and capture the text proposal on issuers on TF presented in this document to the UMTS HetNet TR [2].
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