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1. Introduction

A new study item proposal “Network assisted interference cancellation and suppression (NAICS) for UMTS” has been approved in RAN#66 [1]. One of the objectives in the SID is:
· Study mechanisms for offloading UEs with NAICS capability (RAN1, RAN2).

In this contribution, the potential benefit from enhanced offloading for a UE with ICS capability is discussed. It can be seen from initial evaluations that for a UE with ICS capability, applying a larger Cell Individual Offset (CIO) towards a lightly loaded cell can improve the UE throughput in the system, while for a UE without ICS capability, applying a larger CIO can hardly improve the UE throughput in the system. In addition, the location of the UE would also impact the CIO applied to the UE with ICS capability. Other factors affecting the offloading mechanism are also discussed. 
2. Discussion
In order to improve the resource utilization of a lightly loaded cell, it is the legacy offloading mechanism to configure a larger CIO towards the lightly loaded cell, so that more UEs can be offloaded to the cell. One typical scenario is HetNet, a larger CIO towards the LPN is desired to increase the LPN coverage, so that more UEs can be served by the LPN. HomoNet is also a typical scenario when a lightly loaded cell is able to serve more UEs. However, doing this is at the cost of the link performance degradation of the offloaded UE, because the RSCP of the lightly loaded cell is generally several dB worse than that of the original serving cell.
With the introduction of UEs with ICS capability, although the RSCP of the lightly loaded cell is low, link performance can be increased greatly thanks to the ICS functionality. As a result, the CIO that can be applied to a UE with an advanced receiver would be larger. In the following, we investigate the scenarios when a larger CIO can be beneficial to a UE with or without ICS capability.
2.1 Evaluations on CIO settings for different UE capabilities
Two factors would be considered for offloading.
1. System gains - If the cell edge UE is offloaded from a heavily loaded cell to a lightly loaded cell, it is beneficial for the heavily loaded cell, regardless of the UE performance before or after offloading, because there will be more resource available at the heavily loaded cell after offloading. The overall performance of the heavily loaded cell will be improved. However, the gain at the lightly loaded cell depends on the UE performance after offloading. It is desirable to offload a UE with more advanced receiver so that higher throughput can be obtained at the lightly loaded cell and consequently larger system gain can be achieved. Otherwise, the 5%-tile performance for the lightly loaded cell would be poor.
2. UE experience after offloading - The UE link level performance at the heavily loaded cell would be better than that at the lightly loaded cell. However, considering the available resource ratio of the heavily loaded cell and the lightly loaded cell, it is possible for the UE to experience a higher throughput after offloading. This is also desirable for the system 5%-tile performance. The overall UE experience in the system can be improved.
We will consider these two factors in the following evaluations in HetNet scenario and HomoNet scenario.

2.1.1 Evaluation in HetNet scenario

We use the simplified HetNet topology proposed in [3] to evaluate the impact of CIO to UEs with different receiver capabilities. Figure 1 shows the topology. It can be seen that L1~L6 are the UEs located near the edge of Macro and LPN. The serving cell of a UE at L1~L6 depends on the CIO configuration. 
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Figure 1. Simplified topology for HetNet scenario

Table 1 shows the CIO configurations and the corresponding serving cells. As for locations L4~L6 can always be served by the LPN regardless of CIO configurations, the evaluations would only consider locations at L1~L3, when either Macro or LPN can be the UE’s serving cell, depending on CIO configurations.

Table 1. Serving cells of the UE at L1~L6 with different CIOs

	Serving cell
	CIO = 12 dB
	CIO = 9 dB
	CIO = 6 dB
	CIO = 3 dB
	CIO = 0 dB

	Macro
	None
	L1
	L1, L2
	L1~L3
	L1~L3

	LPN
	L1~L6
	L2~L6
	L3~L6
	L4~L6
	L4~L6


In the evaluations, Type 3, Type 3i and SLIC receivers are assumed. For a certain receiver type, 2 link level throughputs are simulated for each of the locations: a throughput assuming Macro as the serving cell, and a throughput assuming LPN as the serving cell. We firstly examine the throughput difference of Type 3, Type 3i and SLIC when the UE is served by the LPN. Significant performance difference can be seen among these UE receivers, especially when the UE is closer to the Macro. Such difference is caused by the UE’s capability to handle interference. As Type 3 receiver cannot handle interference, its performance is only related to the geometry of the location. Type 3i receiver can perform LMMSE based interference suppression, and its performance also depends on the IS efficiency at various locations. As SLIC receiver handles interference better than Type 3i receiver, its performance is best. Therefore, it is more desirable for a lightly loaded cell to increase its coverage by offloading a UE with more advanced receiver.
Table 2. Gains of Type 3i over Type 3 and SLIC over Type 3 at L1~L3 when LPN is the serving cell
	
	L1
	L2
	L3

	Gain (Type3i/Type3)
	1022%
	702%
	337%

	Gain(SLIC/Type3)
	1526%
	998%
	459%


The link throughputs are the results assuming that the UE is scheduled with 100% of the Macro or LPN’s resources and they cannot be considered as the UE’s throughput in the system when it is served by Macro or LPN. In order to emulate the UE’s throughput in the system, the available resource ratio of Macro and LPN for the UE would be considered. The ratio of the UE’s throughput in the system served by Macro and LPN can be calculated as:
System_Tput_Ratio (Macro/LPN) = Available_Resource_Ratio (Macro/LPN) * Link_Tput_Ratio (Macro/LPN)
In the following evaluations, it is assumed that Macro is the heavily loaded cell, and the available resource ratio of Macro and LPN is always less than 1.
If the system throughput ratio of Macro and LPN is greater than 1, then the UE’s throughput in the system at the Macro is higher than that at the LPN. Otherwise, UE’s throughput at the LPN is higher than that at the Macro. This ratio can therefore be a simplified metric to see whether a certain CIO for offloading can improve the UE’s experience at a certain location.
Results for Type 3 and SLIC receivers at L2 and L3 are shown as examples. The curves for the ratio of available resource vs. ratio of system throughput are depicted in Figure 2.
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Figure 2. Available resource ratio and system throughput ratio (Macro/LPN)

Table 3 shows the available resource ratio when system throughput ratio is 1, meaning that the UE has the same experience before and after offloading.

Table 3. Available resource ratio (Macro/LPN) when system throughput ratio is 1
	
	L1
	L2
	L3

	Type 3
	1.4%
	4.3%
	19%

	SLIC
	19.9%
	35%
	58.6%


From Figure 2, it can be seen that at L2, Type 3 receiver’s throughput at the Macro is over twice as that at the LPN even when the available resource at the Macro is 1/10 of the LPN. It means that a Type 3 receiver can have almost no chance to have a better experience after offloading. The edge throughput at the LPN would also be very poor after offloading a UE with Type 3 receiver. For SLIC receiver, however, it can enjoy a better experience at the LPN when available resource at the Macro is less than about 35% of that at the LPN, as is shown in Table 3. It means that offloading a UE with SLIC receiver would get a great chance to improve the UE’s performance. As a result, in this scenario 6 dB CIO is not suitable for a Type 3 receiver, but good for a SLIC receiver.
At L3, Type 3 receiver can enjoy a higher throughput at the LPN when the available resource at the Macro is less than about 20% of that at the LPN. So, 3 dB CIO can still work for the UE with Type 3 receiver. Similarly, a SLIC receiver can also enjoy a much higher throughput at the LPN at L3 when the available resource at the Macro is 60% of that at the LPN.
From the evaluations above, it can be seen that it would be beneficial to consider UE’s receiver capability when applying the CIO values to the UE to do the offloading. A CIO value regardless of UE’s receiver capability would be harmful for the UE’s performance.

2.1.2 Evaluations in HomoNet scenario

We use the simplified HomoNet topology proposed in [3] to evaluate the impact of CIO to UE with different receiver capabilities. Figure 3 shows the topology. It can be seen that L1~L8 are the UEs located near the edge of Cell1 and Cell2. Cell1 is heavily loaded and Cell2 is lightly loaded.
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Figure 3. Simplified topology for HomoNet scenario

Table 4 shows the CIO configurations and the corresponding serving cells. 

Table 4. Serving cells of the UE at L1~L8 with different CIOs

	Serving cell
	CIO = 9 dB
	CIO = 6 dB
	CIO = 3 dB
	CIO = 0 dB

	Cell1
	None
	L4

L8
	L3, L4
L7, L8
	L2~L4
L6~L8

	Cell2
	L1~L4
L5~L8
	L1~L3
L5~L7
	L1, L2
L5, L6
	L1
L5


Table 5. Gains of Type 3i over Type 3 and SLIC over Type 3 at L1~L8 when Cell2 is the serving cell
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8

	Gain (Type3i/Type3)
	12%
	12%
	22%
	41%
	70%
	109%
	187%
	300%

	Gain(SLIC/Type3)
	24%
	27%
	40%
	76%
	95%
	147%
	246%
	415%


Similar observations from Section 2.1.1 can be made, that it is more desirable for a lightly loaded cell to increase its coverage by offloading a UE with more advanced receiver.
Then, we consider the system performance of the UE using the following calculation:

System_Tput_Ratio (Cell1/Cell2) = Available_Resource_Ratio (Cell1/Cell2) * Link_Tput_Ratio (Cell1/Cell2)

It is assumed that Cell1’s load is heavier than Cell2’s load, and the available resource ratio of Cell1 and Cell2 is always smaller than 1. Type 3 and SLIC receivers at (L3 and L7), and (L4 and L8) are used in the evaluations as examples. It is noted that the UE can be offloaded to Cell2 at L3 and L7 with the same CIO of 6dB, while at L4 and L8, with the same CIO of 9dB. If the system throughput ratio of Cell1 over Cell2 at the selected location is smaller than 1, offloading the UE to Cell2 can improve the UE’s performance.

[image: image4.emf]0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10

0

Available Resource Ratio (Cell1/Cell2)

System Throughput Ratio (Cell1/Cell2)

 

 

L3-Type 3

L3-SLIC

L7-Type 3

L7-SLIC

 [image: image5.emf]0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10

-1

10

0

10

1

10

2

Available Resource Ratio (Cell1/Cell2)

System Throughput Ratio (Cell1/Cell2)

 

 

L4-Type 3

L4-SLIC

L8-Type 3

L8-SLIC


Figure 4. Available resource ratio and system throughput ratio (Cell1/Cell2)

Table 6 shows the available resource ratio when system throughput ratio is 1, meaning that the UE has the same experience before and after offloading.

Table 6. Available resource ratio (Cell1/Cell2) when system throughput ratio is 1

	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8

	Type 3
	100%
	48%
	24%
	8%
	100%
	47%
	21%
	8%

	SLIC
	100%
	54%
	29%
	13%
	100%
	71%
	49%
	31%


From Figure 4, it can be seen that the curves for Type 3 receiver at (L3 and L7), and (L4 and L8), are very similar. If a 6dB CIO is set for a Type 3 receiver, there is some chance for the UE to obtain a higher throughput after offloading. However, 9dB appears to be not suitable for a Type 3 receiver. 

For SLIC receiver, the curves at these two sets of locations are very different. At L7, the UE can enjoy a higher throughput after offloading when Cell1’s resource is around 49% of Cell2, as shown in Table 6. At L3, however, this happens only when Cell1’s resource is 29% of Cell2. Similar observations can be found between L4 and L8, where the ratios are 13% and 31%, respectively. At L4, even a SLIC receiver can hardly get any chance to enjoy a higher throughput after offloading with a 9dB CIO.
This is because the interference environment at L7 or L8 would result in higher IC efficiency than L3 or L4. At L7 or L8, the dominant interference’s strength is much larger than other interferers. At L3 or L4, however, the dominant interference’s strength is similar to other interferers, resulting in a low IC efficiency. The RSCP based CIO measurement cannot reflect the IC efficiency difference. As a result, we can see that to offload a UE with ICS capability, interference environment should also be considered. 

2.1.3 Observations 

From the above results, it can be observed that:

Observation 1: A larger CIO can be applied for a UE with higher capability to handle interference.

Observation 2: Whether a UE with ICS capability can achieve better performance after offloading depends also on the interference environment.
2.4 Other factors to be considered
As discussed in the HetNet SI, control channel performance, especially F-DPCH reception quality, should be considered when determining whether to offload a UE to the neighbor cell. If F-DPCH reception quality is poor at the serving cell, out-of-sync will occur, resulting in radio link failure. According to the conclusion in TR25.800, Section 7.2.1.1.7, it is possible to operate at a CIO of 9 dB for dual antenna UE [2]. So, the maximum CIO value used for offloading purpose would be within the range of 9 dB.
In summary, it is beneficial to consider enhanced offloading mechanisms for UE with ICS capability. The major factors to be considered in the offloading mechanism design would be UE receiver capability, interference environment and  control channel performance.
2.5 Potential solutions

During the HetNet study, several solutions for enhanced offloading were proposed. In [4], maximum CIO reporting was proposed, considering UE’s capability. In [5], maximum CIO with network indication was proposed, considering dynamic control from the network side. In [6], long term CIO based new measurements were proposed, considering link level performance at different cells. It is suggested to continue the discussions and analysis of these solutions. Additional solutions are also encouraged for the enhanced offloading mechanism for UE with ICS capability.
3. Conclusions
From the evaluations, it can be seen that offloading a UE with ICS capability to a lightly loaded cell is beneficial via the following observations:

Observation 1: A larger CIO can be applied for a UE with higher capability to handle interference.

Observation 2: Whether a UE with ICS capability can achieve better performance after offloading depends also on the interference environment.
In order to design an enhanced offloading mechanism for the UE with ICS capability, the following factors would be considered: UE receiver capability, the interference environment and control channel performance. We propose:
Proposal 1: Discuss enhanced offloading mechanisms for UE with ICS capability.
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4. Appendix
Table 7. Link level simulation assumptions
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1dB

	Common channel cancellation
	CPICH, P-CCPCH and SCH from Macro cell are cancelled for both type3i and pre-decoding IC UE.

	Spreading factor for

HS-PDSCH
	16

	Simulated Interference
	CQI based MCS without restricition

	TBS
	Variable

	CQI Feedback Cycle
	1 TTI

	CQI Feedback Delay
	4 TTI

	CQI feedback error
	0 %

	HS-DPCCH ACK/NACK feedback error
	0 %

	Maximum number of HS-DSCH codes
	15

	Number of HARQ Processes
	6

	Maximum Number of HARQ Transmissions
	4

	Propagation Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Type 3, Type 3i, SLIC
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