
3GPP TSG RAN WG1 Meeting #57bis                                                                                 R1-092376 
Los Angeles, USA, June 29-July 3, 2009
Agenda Item:
15.3
Source:
Huawei
Title:
LI Delay Impact on ICIC in type 1 Relay
Document for:   Discussion and decision 
1 Introduction

In the 3GPP TSG RAN WG1 meeting #57, the interference between type 1 relay and donor eNB was discussed [1-4].  But in the actual systems, there is also the interference between type 1 relay and neighbouring eNBs (non-donor eNB).  In this contribution, the interference scenarios between type 1 relay and neighbouring eNBs are discussed. The impact of delay of load Information (LI) through X2 and Un interfaces on inter-cell interference coordination (ICIC) is analyzed by the system simulation. The corresponding solution is suggested. Un is the suggested interface between donor eNB and RN [5, 6].
2 Interference analysis 
2.1 Downlink Interference Analysis for data transmission
For type 1 relay, it has its own Physical Cell ID and appears to a UE as a separate cell distinct from the donor cell. The interference between donor eNB and RN may be avoided by the coordination of the scheduling strategy with eNB. However, because there is no scheduling harmonization between RN and the neighbouring eNBs, when they simultaneously transmit their data using the same time/frequency resources, the mutual interference is incurred.  The mutual interference scenarios in downlink and uplink are illustrated in figure 1and figure 2 respectively.

For the downlink interference, illustrated in figure 1, when the same frequency/time resources are used by RN and eNB2 for UE1 and UE2 respectively, the mutual interferences are produced, marked I1/2/d and I2/1/d indicating by the blue dashed. The strengths of the interference I1/2/d and I2 /1/d depend on the transmitting power of the RN and eNB2 to UE1 and UE2 respectively. 

2.2  Uplink Interference Analysis for data transmission

The uplink mutual interferences of UE1 and UE2 are marked as I1/2/u and I2/1/u respectively in the figure2 indicated by blue dashed. Usually, UE2 transmitting power may be stronger than UE1 transmitting power, so I2/1/u may be stronger than I1/2/u.  Under some cases, there is possibility that RN produces uplink interference to UE2. This interference is marked as Irn/2/u and illustrated by green dashed in the figure 2. 
2.3  Downlink Interference analysis for control signal
For type 1 relay, the relay node may transmit its own synchronization channels, reference symbols, and control signals, e.g. PBCH, PDCCH, etc. As type 1 relay is taken as an independent eNB from the viewpoint of UE, the RN and neighbouring eNBs, for example eNB2, may transmit different control signal using the same time/frequency resource. Thus extra interference is incurred for control signal reception at UE. The interference scenario is the same as illustrated in figure 2. 
3 Inter-cell interference coordination 
Inter-cell interference coordination (ICIC) is to assort with the inter-cell interference in order to keep them under control and improve the system average throughput. ICIC is inherently a multi-cell RRM function that needs to take into account the information from multiple cells. 
For ICIC execution, the LI is an important message. The purpose of the Load Information procedure is to transfer load and interference co-ordination information between intra-frequency neighboring eNBs. UL Interference Overload Indication IE, UL High Interference Indication IE and Relative Narrowband Tx Power (RNTP) IE are included in the LI message [7]. Based on these IEs, the interrelated eNB shall do the corresponding adjustments. 
 Usually, when some access point (AP), for example, eNB2 receives the LI message from another AP, for example RN, firstly, ICIC in eNB2 will search the interrelated UE, assuming it is UE2 which incurs the interference to UE1.  Secondly, ICIC informs scheduling algorithm to adjust the allocated resources for UE2.  If the resource adjustment is failed, the other schemes will be tried, for example, power control or handover etc. 
It is obvious there is some impact of the delay for LI transmission through X2 and Un interfaces on ICIC effect. Then, the corresponding edge UE throughput will be descended. In the following, the impact of the delay on ICIC effect is analyzed by the system simulation. 
4 Simulation configurations
4.1 Simulation assumption
The purpose of the simulation is to research the impact of LI transmission delay between type 1 relay and neighbouring eNBs on ICIC. The impact is presented by throughput reduction of the edge UE1, UE2 and eNB2 cell average throughput for downlink and uplink respectively. In this simulation, the used interference scenarios for the downlink and uplink are illustrated in figure 1 and in figure 2 respectively. And, only data transmission is simulated. The total delay including through X2 interface and Un interface is assumed from 10 ms to 40ms. In this simulation, perfect ICIC method is assumed. It means when eNB2 knows UE2 is interference source for UE1, eNB2 will arrange the other resources to UE2.  And, it is assumed that there is no MBSFN patterns are aligned between eNB1 and eNB2.  
4.2 Simulation parameters 

Table 1: Simulation parameters for type 1 relay

	Parameter
	Assumption

	Scenario
	Case 3: 2G CF, 1732m ISD, 10M BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 19 sites, 3 cells per site, wrap‑around

	Relay layout
	1-10 relays per cell

	Load
	Average 10 UE per cell

	UE distribution
	Users dropped uniformly in entire cell

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm

	BS antenna gain plus cable loss
	14 dBi

	Relay antenna gain plus connector loss
	5dBi for relay to UE; 

	UE antenna gain
	0 dBi

	Noise figure at relay
	5dB

	Noise figure at UE
	9dB

	Noise power spectral density of Relay/UE
	-174 dBm/Hz

	Distance-dependent path loss for macro to UE
	L=128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for macro to relay
	L=124.5 + 37.6log10(R), R in kilometers 

	Distance-dependent path loss for relay to UE
	L=140.7 + 36.7log10(R), R in kilometers

	Minimum distance between UE/relay and cell
	>= 35 meters

	Minimum distance between UE and relay
	>= 10 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell to UE; 6 dB for macro to relay; 10dB for relay to UE

	Shadowing correlation
	Between sites/eNB
	0.5

	
	Between cells/sectors
	1.0

	Shadowing correlation distance
	50m

	Penetration Loss  
	0dB for macro to relay; 20dB for relay to UE and macro to UE

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Inter-cell interference modelling
	cell: 7 explicit modelling else cell power = Ptotal;
relay: 1 explicit modelling else relay power

	Channel model
	backhaul link: SCM, access link: SCM-E

	Number of antenna elements (BS, Relay, UE)
	(2, 2, 2) for downlink/ (2,1,1) for uplink

	Antenna separation (BS, Relay, UE) [times of wavelength]
	(4, 4, 0.5) 

	Polarization
	No

	Traffic model
	Full buffer

	Scheduler
	PF

	Number of MCS candidates for link adaptation
	30

	HARQ
	HARQ-CC; Maximum 3 transmission times

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE


5 Simulation results

According to the analysis of the data transmission scenario in section 2.1 illustrated in the figure 1 for downlink, the simulation scenario is assumed that eNB2 and RN use the same resources to transmit different data simultaneously to UE2 and UE1 respectively. eNB1 and RN use orthogonal resources to transmit data through scheduling. For the downlink, thus relay UE only suffers interference from eNB2. 
5.1 Downlink throughput change  

The downlink throughput changes of UE1, UE2 and downlink average throughput change of eNB2 are listed in table 2 respectively. Comparing with no delay for LI transport and no ICIC scenarios, for the delay time 10ms, 20ms, 30ms and 40ms, their throughput reduction percentages are showed in table 2. 

      Table 2 Downlink throughput change 
	Simulation scenario
	UE1 suffering interference from eNB2
	UE2 suffering interference from RN
	eNB2 cell average throughput suffering interference from RN

	
	Throughput(Mbps)
	%
	Throughput(Mbps)
	%
	Throughput(Mbps)
	%

	no delay
	4.32
	ref
	1.30
	ref
	2.15
	ref

	delay 10ms
	4.23
	1.94%
	1.28
	1.69%
	2.14
	0.10%

	delay 20ms
	4.13
	4.36%
	1.26
	2.66%
	2.14
	0.16%

	delay 30ms
	4.04
	6.42%
	1.25
	3.87%
	2.14
	0.23%

	delay 40ms
	3.87
	10.35%
	1.23
	5.56%
	2.14
	0.34%

	no ICIC
	3.35
	22.34%
	1.21
	6.68%
	2.14
	0.42%


5.2 Uplink throughput change  

The uplink throughput changes of UE1, UE2 and uplink average throughput change of eNB2 are listed in table 3 respectively. Comparing with no delay for LI transport and no ICIC scenarios, for the delay time 10ms, 20ms, 30ms and 40ms, their throughput reduction percentages are showed in table 3.
Table 3   Uplink throughput change
	Simulation scenario
	UE1 suffering interference from UE2
	UE2 suffering interference from RN
	eNB2 cell average throughput suffering interference from RN

	
	Throughput(Mbps)
	%
	Throughput(Mbps)
	%
	Throughput(Mbps)
	%

	no delay
	9.23
	ref
	3.23
	ref
	6.60
	ref

	delay 10ms
	8.98
	2.74%
	2.92
	9.49%
	6.35
	3.77%

	delay 20ms
	8.70
	5.80%
	2.87
	11.2%
	6.22
	5.70%

	delay 30ms
	8.59
	7.02%
	2.62
	19.01%
	5.96
	9.66%

	delay 40ms
	8.51
	7.78%
	2.48
	23.09%
	5.80
	12.16%

	no ICIC
	6.83
	26.03%
	2.18
	32.43%
	5.42
	17.88%


6 Conclusion

The potential downlink and uplink interference scenarios between the users which are served by neighbour non- donor eNBs and type 1 relay are discussed in this contribution respectively.  It is obtained that the longer the LI transport delay between neighbour non-donor eNB and type 1 relay, the more the downlink and uplink throughput reduction percentage is. And, when one edge UE is interfered, ICIC can be used to reduce the interference.  Therefore, it is rational to build some interfaces between type 1 relay and the neighbour eNBs which are not donor eNB.  Then, the transmission delay of LI between them may be shortened.  The corresponding downlink and uplink throughput may be improved. On the other hand, the handover delay and the other RRM algorithms performance may be improved too. 
References
[1] R1-092154 Interference analysis for Type I and Type II Relay, Alcatel-Lucent, Shanghai Bell, Alcatel-Lucent
[2] R1-091806  Interference mitigation for control channels and signals of type 1 relays,Huawei

[3] R1-092184  Interference under Type 1 RN, LG-Nortel 

[4] R1-092186  Cognitive interference management in Type 2 relays, CEWiT

[5] R2-093206  Layer-2 structure for Un interface, Motorola

[6] R2-093163  Consideration for Un interface (backhaul link), NEC

[7] 36.423 850  X2 application protocol (X2AP)
Annex A: Details of Simulation Methodology
The methodology follows the following steps.
1. Collect UE which served by RN and interfered by neighbouring non-donor eNB, in this simulation, the interference UE and eNB are marked as UE1 and eNB2 respectively which are illustrated in figure 1 and figure 2. And the UE which served by eNB2 and interfered by RN is marked as UE2 which is illustrated in figure 1 and figure 2. 

2. Increase specific interference in different scenarios from same TTI:
a) For UE1 suffering downlink interference from eNB2
The interference is simulated by increasing the interference element which is from eNB2 in the UE1’s downlink interference matrix. 
b) For UE2 suffering downlink interference from RN
The interference is simulated by increasing the interference element which is from RN in the UE2’s downlink interference matrix. 
c) For UE1 suffering uplink interference from UE2
The interference is simulated by increasing the interference element which is from UE2 in the UE1’s uplink interference matrix. 
d) For UE2 suffering uplink interference from RN
The interference is simulated by increasing the interference element which is from RN in the UE2’s uplink interference matrix. 

3. Under the different simulation scenarios, after 10ms, 20ms, 30ms, 40ms, the added interference are removed respectively. Under the no ICIC scenario, the corresponding added interference is kept.
4. Under the different simulation scenarios, the statistic of the throughput of UE1, UE2 and eNB2 at each TTI respectively is done. The final throughput can be obtained by averaging the statistic in the simulation interval.






Figure 2Uplink interference for data transmission
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