Page 1



[image: image4.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

3GPP TSG-RAN WG1 Meeting #73 
R1- 132573
Fukuoka, Japan, 20th – 24th May 2013

Agenda item:

5.3.4
Source:
Huawei, HiSilicon
Title:
On the reliability of DL control channels in Hetnets
Document for:

Discussion and Decision
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, as noted in [2], large CIO would bring issues to the control channel reception quality in the downlink. 
Here we analyze the control channel reception issues and provide some suggestions. Thanks to the large spreading gain, channels like E-AGCH, E-HICH and E-RGCH would not have serious issues. According to [3], HS-SCCH works fine in low geometry. However, it is not clear whether F-DPCH can be reliable in low geometry. In this paper, we use link simulation mapping to study the F-DPCH reception quality at low geometry. 
2. Discussion

2.1 Potential issue caused by poor F-DPCH reception quality
Enlarging CIO at the LPN would cause poor signal reception quality at the cell-edge UE. The cell-edge UE of an LPN cell with enlarged CIO would be in low geometry and the channel condition cannot support very high throughput. Control channels such as F-DPCH and HS-SCCH would also suffer poor reception quality. LPN needs to spend more power for the control channel transmission to meet the reception quality.

A potential issue of F-DPCH may occur with small CIO for the UE in the Macro-LPN SHO region and served by the Macro (Macro-LPN UE). For the Macro-LPN UE, the uplink inner loop power control (ILPC) can only guarantee the reception quality of the F-DPCH from the serving cell. When the F-DPCH transmitted from the serving Macro cell is received reliably at the UE,, the UE would send TPC down command in the uplink for downlink transmission. As in the uplink UE to LPN pathloss is less than UE to Macro pathloss, the LPN would decode the TPC down command correctly and consequently reduce the transmit power of F-DPCH, making LPN F-DPCH reception quality at the Macro-LPN UE even worse. Without a sufficient quality for the F-DPCH transmitted by the LPN, the LPN cannot control well the UE transmit power and such Macro-LPN UE may end up transmitting at high power, generating excessive uplink interference at the LPN. LPN can only send RG down to reduce the interference of this Macro-LPN UE. 
Figure 1 illustrates the potential issues of the downlink control channels for a Macro-LPN UE. Note that not all downlink control channels suffer poor quality. Channels with high spreading gain such as E-RGCH, E-HICH and E-AGCH would have acceptable reception quality. When Macro-LPN UE cannot decode LPN F-DPCH correctly, macro diversity gain in the uplink cannot be obtained. In addition, RG down from the LPN would allow to such UE a low grant, limiting its uplink throughput.
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Figure 1. The quality of different channels related to the Macro-LPN UE
This issue is caused by UL/DL imbalance. Enlarging the CIO together with noise padding can be used to mitigate the issue. Large CIO actually changes the original Macro-LPN UE to a LPN-Macro UE. F-DPCH from the LPN is power controlled by the UE. Large CIO also makes the Macro-LPN UE farther away from the LPN. The interference from such UE is reduced by a larger pathloss. Noise padding on the other hand, is able to reduce the amount of uncontrolled interference at the LPN in the uplink. 
Proposal 1: Consider the issue of poor F-DPCH reception quality for the Macro-LPN SHO UE with Macro as the serving cell.

2.2 Proposed evaluation methodology
In this section, we propose a method to evaluate the F-DPCH performance at low geometry. The first step is to figure out the geometry for the LPN edge UE for different CIO values. System level simulations are used to derive the UE geometry, and this geometry values are used as input to the link simulations for computation of the F-DPCH BER. F-DPCH performance associated to a certain geometry value corresponds to the F-DPCH performance of LPN edge UEs for a certain CIO.
We consider the case with enlarged CIO where F-DPCH quality can be controlled by the UE served by the LPN. First we find the LPN edge (5%) UE geometry through system simulations. This can be found using the UE Geometry CDF from the system results when Macro cell and LPN cell are fully loaded. When CIO is applied, the LPN edge UE generally suffers more interference than the Macro edge UE. From the UE geometry CDF curve, we can find out what geometry those edge UEs are at.

Figure 1 shows the UE geometry CDF curves for CIO=3dB, 6dB and 9dB. The simulation assumptions are given in Table 1. From the figure it can be seen that LPN edge UE geometry for CIO=3dB, 6dB and 9dB are -6dB, -8dB and -11dB, respectively. We will use these geometry values as input to the link level simulations to evaluate the performance of the control channels.
Table 1 Simulation assumptions

	Parameters
	Values and comments

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m

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

LPN: L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading
(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)
Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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                                                                              = 70 degrees,     Am = 20 dB
LPN: 2D Antenna, omni-directional

	Max BS Antenna Gain
	Macro cell: 14dBi
LP cell: 5 dBi

	Penetration loss
	20dB

	Maximum Tx Power of LPNs
	30dBm

	Number of LPNs in a Macro cell
	4

	Dropping criteria for LPNs
	LPNs are randomly and uniformly distributed within a macro cell.

	Dropping criteria for UEs
	1/2 hotspot

	CIO
	3dB, 6dB, 9dB
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Figure 1. UE geometry CDF with different CIO

3. Simulation results

3.1 F-DPCH
3.1.1 F-DPCH BER
We use -6dB, -8dB and -11dB as the Ior/Ioc input for the link level simulations, where Ioc is emulated by Gaussian white noise. The link level simulation assumptions are listed in Table 2.
Table 2 Link level simulation assumptions
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	Ior/Ioc
	-6dB, -8dB, -11dB

	Propagation Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Single antenna, Rake

	Maximum F-DPCH_Ec/Ior
	-3dB


The link level simulation results of F-DPCH decoding performance at various Ior/Ioc are shown in Table 3. 

Table 3 F-DPCH decoding performance at Ior/Ioc = -6dB, -8dB and -11dB
	Ior/Ioc = -6dB
	Ior/Ioc = -8dB
	Ior/Ioc = -11dB

	Avg F-DPCH Ec/Ior in dB
	BER
	Avg F-DPCH Ec/Ior in dB
	BER
	Avg F-DPCH Ec/Ior in dB
	BER

	-14.84
	8%
	-12.95
	8.7%
	-10.38
	10%

	-13.35
	5.5%
	-11.18
	6.36%
	-9.06
	7.7%

	-12.13
	4%
	-10
	4.8%
	-8.03
	6.3%

	-11.14
	3%
	-9.15
	3.9%
	-7.2
	5.5%

	-10.22
	2.4%
	-8.28
	3.3%
	-6.46
	5.1%


According to 25.331 specifications, the acceptable range for F-DPCH TPC BER is from 1% to 10%. From Table 3, we see that if -12dB average F-DPCH Ec/Ior is the maximum available power that can be allocated for F-DPCH, then the best achievable BER for Ior/Ioc = -6dB and -8dB are 4% and 8.7%, respectively. For Ior/Ioc = -11dB, such -12dB F-DPCH Ec/Ior cannot support 10% BER. As a result, it is very challenging to support Ior/Ioc = -11dB. The values of Ior/Ioc of -6dB and -8dB would be acceptable, meaning that CIO=3dB and 6dB can support F-DPCH BER < 10% within -12dB F-DPCH_Ec/Ior.
The TPC BER would affect the UE uplink transmit power dynamic range. If the TPC BER is low, less transmit power can be consumed at the UE. According to [4], the impact of TPC BER on transmitted Eb/N0 for the 12.2kbps measurement channel is shown in the following figure:
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Figure 2. Impact of TPC BER on transmitted Eb/N0 for the 12.2kbps measurement channel

It can be seen that, from 1% to 10% TPC BER, the Eb/N0 is only increased by 0.5dB. Significant increase in Eb/N0 occurs only when TPC BER is over 20%. The cost to maintain a low TPC BER is high at the transmitter side. For example, when Ior/Ioc = -6dB, the transmit power difference to achieve a 8% and a 2.4% BER is about 4dB. As a result, a small amount of loss in the UE transmit power can save a lot in the F-DPCH_Ec/Ior.
In all, for the legacy single antenna Rake receiver UE, F-DPCH at with CIO up to 6dB could be supported.
Observation: Legacy single antenna Rake receiver UE served by the LPN can support good F-DPCH reception quality with CIO up to 6dB.
Proposal 2: Include the F-DPCH reliability issue and evaluation presented in this contribution in the Hetnet TR.
4. Conclusions

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

Observation: Legacy single antenna Rake receiver UE served by the LPN can support good F-DPCH reception quality with CIO up to 6dB.
We propose:

Proposal 1: Consider the issue of poor F-DPCH reception quality for the Macro-LPN SHO UE with Macro as the serving cell.
Proposal 2: Include the F-DPCH reliability issue and evaluation presented in this contribution in the Hetnet TR. 
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