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1. Introduction

According to [1], when UL/DL imbalance is large, such as the 30dBm LPN case, the use of a CIO value of 6dB is beneficial to mitigate the imbalance and bring performance gain in the uplink and downlink. However, large CIO could bring poor control channel reception quality in the downlink. During email discussion in [2], simulation assumptions have been agreed to evaluate the performance of the downlink control channels with various CIOs. F-DPCH, E-HICH and HS-SCCH are evaluated according to link level simulation mapping. In this paper, the evaluation results of the downlink control channels are provided following the instructions in [2]. From simulation results, it can be seen that for 1 rx UE, CIO up to 6dB can be supported. For 2 rx UE, CIO up to 9dB can be supported. In addition, when 9dB CIO is used, it is beneficial to apply RRS on power, according to the system and link level simulation results shown in [3]. 
2. Discussion

2.1 Evaluation methodology
The detailed simulation framework is described in [4] Section 4, where a simplified HetNet deployment is considered. Figure 1 illustrates the Macro, LPN and UE deployments. During the discussion of the evaluation methodology, 2 sets of UE locations have been proposed:

Set 1. UE is located at L1~L6 and its UE association is determined according to the Ior difference of cells and CIO.
Set 2. UE is located at the point where the difference in the geometry equals the CIO value being simulated.

Set 2 would correspond to the worst case scenario of the control channel performance and would serve as a suitable lower bound.
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Figure 1. Simulation scenario considered for link analysis [4]
Table 1 shows the parameters assumed at the system level to derive the interference environment parameters for link level evaluation of the downlink control channels in HetNet.

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


In the evaluations in this contribution, all Macro cells are fully loaded, which is the worst case scenario. For location set 1, the interference environment for UE placed at L1~L6 is listed In Table 2, 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 2. 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. The following table lists the UE locations that can be served by LPN with different CIOs.
Table 3. 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, we would focus on the downlink control channel performance at L1~L3. The geometry for an LPN UE is defined as: 
Geometry = (LPN_Ior / (Macro_Ior + Ioc))
The geometry of the UE at L1~L3 with LPN serving are:

Table 4. LPN UE Geometry at L1~L3 in location set 1 when served by LPN (outer cells are fully loaded)
	UE Location
	Geometry with LPN serving (dB)

	L1
	-12.2089

	L2
	-8.63146

	L3
	-4.43592


For location set 2, the LPN Ior/Ioc, Macro Ior/Ioc and UE geometry with LPN serving when all Macro cells are fully loaded are listed in the table below:

Table 5. LPN UE Geometry at location set 2 when all Macro cells are fully loaded

	CIO
	LPN Ior / Ioc (dB)
	Macro Ior / Ioc (dB)
	Geometry with LPN serving (dB)

	0
	10.45
	10.45
	-0.37 

	3
	7.7
	10.7
	-3.35 

	6
	4.98
	10.98
	-6.33 

	9
	2.29
	11.29
	-9.31 

	12
	-0.37
	11.63
	-12.29 

	15
	-3.01
	11.99
	-15.27 


3. Evaluation results of the downlink control channels
3.1 F-DPCH
3.1.1 F-DPCH performance
In this section we provide the F-DPCH performance using 1 rx and 2 rx UE, Rake receiver. 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 for UE located at L1~L3 in location set 1, PA3 channel. Erasure behaviour is not considered in the calculation of BER because this is depended the algorithm to determine the erasure behaviour may vary among companies. 
Table 6. TPC BER and averaged F-DPCH Ec/Ior
	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%


Then, we get the F-DPCH performance for UE at location set 2:

	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%


From the simulation results, it can be seen that 1 rx UE TPC BER cannot converge to 4% with CIO larger 6dB, even with the maximum F-DPCH power. The 2 rx UE TPC BER converges to 4% TPC BER 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 above, we 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%. We will compare the uplink performance when F-DPCH TPC BER is higher than 4%.

3.1.2 Impact of F-DPCH performance on the uplink
In this section, we evaluate the impact of TPC BER on the uplink. FRC3 traffic is assumed for the uplink simulations. For power control, the UE changes the transmit DPCCH power in accordance with the detected TPC bit i.e. either down or up. PA3 channel is simulated.
Table 7. FRC3 traffic

	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% BER. It can be seen that when 100% FRC data rate is to be achieved, the difference of UE transmit power is very small even when TPC BER is 15%. When TPC BER is 20%, excessive transmit power on the uplink can be observed. Similar observations can be seen in [5].
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Figure 2. UE Tx Ec/N0 with TPC BER of 4%, 10%, 15% and 20%
Since 10% as well as 15% TPC BER only makes a small impact on the uplink performance, it is suggested to set a higher TPC BER target for the LPN UE in range expansion region. This could effectively save the transmit power on F-DPCH.

According to the simulation results on F-DPCH, we observe:

Observation 1: For 1 rx UE, F-DPCH has sufficient reception quality for CIO up to 6dB. For 2 rx UE, F-DPCH has sufficient reception quality for CIO up to 9dB.
Observation 2: TPC BER as high as 15% only increases few of the transmit power in the uplink.
For a R12 UE to work in the large CIO region, we propose:

Proposal 1: To extend the TPC BER target table to support 15% TPC BER target.
3.2 E-HICH
3.2.1 E-HICH performance

The power control of E-HICH is not specified in the specs. We assume the transmit power of E-HICH is fixed and give the relative BLER for different E-HICH Ec/Ior values. Single antenna UE and PA3 channel are assumed in the link level simulations. Rake receiver with realistic path search is used. The 3-slot E-HICH format is assumed in the simulations.
According to [2], 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’s miss detection rate for a UE’s uplink transmission is very low, e.g. 0.1%. UE could expect the serving cell’s response right after every uplink transmission. That is why the FAR of a serving cell’s E-HICH could be high.
Table 8. 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 10, where an empty space means that the UE is only served by the Macro, and the LPN is not transmitting E-HICH.
Table 9. 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


The simulation results under the test cases follow.
Table 10. E-HICH performance for UE in location set 1
	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 11. E-HICH performance for UE in location set 2

	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%


From the simulation results, we can see that when LPN is the serving cell, the detection performance is much better than when LPN is the non-serving cell. To evaluate whether a UE could work with a certain CIO, we need to consider the case when LPN is serving and when LPN is non-serving. Take CIO=6dB for example. For 1 rx UE, the maximum CIO could be 6dB. We need to consider the UE location at CIO=6dB, LPN serving and the location at CIO=9dB, LPN non-serving. Similarly, for CIO=9dB, we need to consider the UE location at CIO=9dB, LPN serving and CIO=12dB, LPN non-serving.
For 1 rx UE, we can see that 5% MDR can be reached for CIO=0dB and 3dB. However, for CIO=6dB, E-HICH MDR would be slightly higher than 5% when LPN is the non-serving cell in the UE’s active set. 6dB is the largest CIO for 1 rx UE. Otherwise, the MDR would be too high when LPN is the non-serving cell, even with -10dB E-HICH Ec/Ior. In order to reach better E-HICH quality for CIO=6dB with LPN non-serving , it is suggested to use 10ms E-DCH. This corresponds to 12-slot format E-HICH and the reception quality would be improved.

For 2 rx UE, the reception quality is greatly improved when compared with 1 rx UE. The maximum CIO could be relaxed to 9dB, and the required E-HICH power is also reduced. Similarly, in order to further improve the reception quality of the E-HICH and save E-HICH power, it is suggested to use 10ms E-DCH when the UE has a non-serving LPN in the active set.
Observation 3: When LPN is the serving cell, less LPN E-HICH transmit power is required to achieve sufficient reception quality at the UE in the range expansion region.
Observation 4: For 1 rx UE, E-HICH is reliable for CIO up to 6dB. For 2 rx UE, E-HICH is reliable for CIO up to 9dB.

In order to save E-HICH power and achieve better LPN E-HICH reception quality for UE with LPN as the non-serving cell in the active set, we propose:

Proposal 2: To apply 10ms E-DCH to the UE when CIO is large and LPN is the non-serving cell in the UE’s active set.
3.3 HS-SCCH

3.3.1 HS-SCCH performance and its impact on the downlink
In this evaluation, HS-SCCH type 1 is assumed. UE uses 1 rx or 2 rx RAKE receiver to decode HS-SCCH, but uses 1 rx or 2 rx MMSE receiver to decode the data traffic. As the power control procedure depends on implementation, here we only give the fixed HS-SCCH power performance. In the following table, we show 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 12. HS-SCCH performance and its impact on the downlink throughput, Type2
	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


Then we evaluate the HS-SCCH performance for UE location 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 1 rx UE, even for UE at CIO=0dB location, the HS-SCCH BLER with maximum HS-SCCH Ec/Ior of -8dB cannot be converged to 1%. However, the performance loss caused by HS-SCCH BLER is rather small. For CIO=6dB, BLER is 13.9% however the performance loss is 1.35%. Even for a 46.2% BLER, the performance loss compared with a 0% BLER is less than 2%.The reason might be that when HS-SCCH is decoded incorrectly, the UE likely cannot decode HS-PDSCH as well.

For 2 rx 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, increased HS-SCCH BLER only has trivial impact on throughput at low geometry. However the power consumption is non-trivial even for a 1 rx UE at CIO=0dB. We have the following observation:
Observation 5: 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.

From all evaluation results of the control channels above, we propose:

Proposal 3: CIO up to 6dB can be supported for 1 rx UE.

Proposal 4: CIO up to 9dB can be supported for 2 rx UE.

4. Further considerations on large CIO
From the evaluation results of the control channels, we can see that for 2 rx UE, range expansion with CIO up to 9dB can be used. 9dB CIO is helpful to mitigate the UL/DL imbalance and huge gain can be achieved for the uplink. However, the LPN UE in the range expansion region would suffer significant interference from the Macro and the throughput would be small. 
Our initial system simulation results with RRS on power shows significant gain for those UE in the range expansion region [3]. In the simulation, there are 16 UEs and 4 LPNs per Macro sector. 1/2 Hotspot deployment is used for the UE. Random deployment is used for the LPN. Macro mutes its data following a pattern, which mutes the first subframe per 6 subframes. All cells are synchronized. All the cells the UEs know the RRS on power pattern. The total power of common channels and control channels are assumed to be 20% and these channels are always on. The pilot power is not changing in all subframes. Cell selection is based on CPICH Ec/N0 = CPICH RSCP/UTRA Carrier RSSI. As N0 is the common denominator for all CPICH measurements, as long as CPICH RSCP does not change, cell selection will not be affected by Macro power change. The following table shows the performance of CIO=9dB and CIO=9dB with RRS on power. 

Table 13. Macro/LPN UE performance comparison of RE and RE + RRSoP, CIO=9dB
	Configuration
	RE=9dB
	RE=9dB + RRSoP

	Average Tput, all UE(kbps)
	1618
	1732

	Macro UE (kbps)
	1321.6
	924

	LPN UE (kbps)
	1853
	2333.7

	50% Tput, all UE (kbps)
	1176
	1099

	Macro UE (kbps)
	1209
	835

	LPN UE (kbps)
	1101
	1578

	5% Tput, all UE (kbps)
	216.7
	323

	Macro UE (kbps)
	424
	303

	LPN UE (kbps)
	162
	360


From the simulation results, it can be seen that 5% Tput, all UE can have about 49% gain. Average Tput, all UE can have about 7% gain. Only 50% Tput has about 6% loss. Macro loss is observed however huge gain on LPN can be observed. As a result, RRS on power can be a solution for the downlink interference issue when CIO is large. We propose:

Proposal 5: To capture the RRS on power solution in the TR.
5. Conclusions

According to the analysis and simulation results, we have the following observation:

Observation 1: For 1 rx UE, F-DPCH has sufficient reception quality for CIO up to 6dB. For 2 rx UE, F-DPCH has sufficient reception quality for CIO up to 9dB.
Observation 2: TPC BER as high as 15% only increases few of the transmit power in the uplink.
Observation 3: When LPN is the serving cell, less LPN E-HICH transmit power is required to achieve sufficient reception quality at the UE in the range expansion region.
Observation 4: For 1 rx UE, E-HICH is reliable for CIO up to 6dB. For 2 rx UE, E-HICH is reliable for CIO up to 9dB.

Observation 5: 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.

We have the following proposals:

Proposal 1: To extend the TPC BER target table to support 15% TPC BER target.

Proposal 2: To apply 10ms E-DCH to the UE when CIO is large and LPN is the non-serving cell in the UE active set.
Proposal 3: CIO up to 6dB can be supported for 1 rx UE.

Proposal 4: CIO up to 9dB can be supported for 2 rx UE.

Proposal 5: To capture the RRS on power solution in the TR.
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