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1. Introduction
A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPN) as a complement to a macro network aims at improving capacity and coverage.  In [2], we list some of the deployment scenarios we need to study as part of the study item. The deployment scenario can be divided to two types based on the allocation of cell identifier of LPNs with respect to macro node. In co-channel deployment, each LPN creates a separate cell within a macro network, i.e. each LPN has a different cell identifier. However, if the LPN uses the same cell identifier as that of macro node, we call this deployment as combined cell deployment.  

In RAN1#71, we analyzed the interference in co-channel deployment scenarios [2]. It was shown that if the interference power is very high (dominant interference) the link throughout is reduced significantly.  Currently RAN1 is investigating network assisted interference cancellation as one method to improve the link throughput when the interference power is very high. With interference capable UEs, aggressive range expansion towards LPN can be applied, thereby increasing the system throughput. 

In RAN1#73 we presented simulation results on achievable gains with network assistance. It was observed that significant gains are achieved with network assisted interference cancellation. According to the network assisted interference cancellation concept the aggressor node conveys its scheduling information via a broadcast channel for example a common HS-SCCH order or a dedicated HS-SCCH order, etc. Since this channel requires certain amount of power transmission which is not power controlled to a specific UE, there might be some impact on the performance on the UEs which are served by the aggressor node. 
In this contribution, we study the link performance impact due to this additional overhead channel for network assistance.  
2. 
Message Sequence Chart for Network Assistance

As explained in [3], network assistance is a 
promising technique for improving the HS-PDSCH performance in the cell range expansion area. There we recommended sending information about the interferer identifier to the victim UE.  Figure 1 shows the messages exchanged between network nodes and the victim UE during typical HSDPA data transmission and reception with network assistance. From the common pilot channel (P-CPICH), UE estimates the channel and computes the channel quality information and precoding indicator. This information along with hybrid ARQ ACK/NAK is reported to the serving Node-B using dedicated physical control channel (HS-DPCCH).  The node scheduler decides the parameters like modulation and code rate (Transport block size), precoding index, and rank information for the data transmission (HS-PDSCH).  This information is sent through the HS-SCCH channel. After HS-SCCH, the data channel HS-PDSCH is transmitted. Note that before the HS-SCCH signal is transmitted, UE may receive an HS-SCCH order from another interfering node informing about the other UE id and the transmission mode.
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Figure 2 Timing diagram for HS-SCCH and HS-PDSCH
We would like to mention that if the network sends a UE identifier then the victim UE can use this information for not only HS-PDSCH , but also cancels the interference due to HS-SCCH. For example, the UE detects the common HS-SCCH order thereby obtaining the information about the H-RNTI of the aggressor UE. Once it knows the aggressor UE-id, it can decode the HS-SCCH of the aggressor UE. Even though HS-SCCH is power controlled with respect to the aggressor UE, the victim UE can still decode since this is still in the macro coverage area. Thus it is possible to apply interference cancellation for both the control as well as the data channel. 

3. Simulation Methodology 
In this section, we study the performance impact on the UE which are connected to the aggressor node due to the additional channel (HS-SCCH order) for assisting the victim UE in the other cell.   Figure 2 shows the user placement for analyzing the loss achieved due to the additional overhead channel. Note that we used same simulation methodology is used as in [4]. The macro node is placed at the center of the hexagon and the LPN is placed on the line joining the macro to a hexagon’s corner. The user geometries are tabulated in Table 1. Remaining simulation assumptions are shown in Appendix.
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Figure 2 User placement configurations in consideration
Table 1: Received signal powers at each UE location

	UE Location
	LPN Ior / No [dB]
	Macro Ior / No [dB]

	L1
	5
	19

	L2
	12
	18

	L3
	17
	17

	L4
	24
	17

	L5
	-13
	24

	L6
	-10
	15

	L7
	-19
	16

	L8
	-28
	4


4. Link Throughput 
Table 2 shows the link throughput for UEs which are connected to the macro node. The HS-SCCH order power is set to -10 dB. It can be observed that the performance loss is negligible for most of the UE locations.  It was observed that the performance loss of 10% is observed when the UE is location L4. It can be observed from Table 1 that for the UE at location L4, it is wise to connect to the LPN rather than macro node. Hence this case never arises in practise. 

Table 2 Comparison of link throughput with -10 dB of overhead power

	UE

Location
	Macro UE Throughput in Mbps
	Macro UE throughput with overhead channel in Mbps
	% of loss

	L1
	10.52
	10.39
	1.25

	L2
	6.00
	5.80
	3.37

	L3
	2.99
	2.81
	6.41

	L4
	0.86
	0.77
	10.1

	L5
	20.70
	20.66
	0.19

	L6
	12.89
	11.98
	7.59

	L7
	14.48
	13.98
	3.45

	L8
	5.93
	5.66
	4.51


Table 3 shows the performance loss when the overhead channel power is set to -13 dB. In this case the percentage of loss can be minimized due to minimal amount of power allocated for overhead channels.  The percentage loss of 6 % is observed when the UE is at location L4. 
Table 3 Comparison of link throughput with -13 dB of overhead power

	UE

Location
	Macro UE Throughput in Mbps
	Macro UE throughput with overhead channel in Mbps
	% of loss

	L1
	10.52
	10.46
	0.67

	L2
	6.00
	5.93
	2.24

	L3
	2.99
	2.93
	4.27

	L4
	0.86
	0.82
	6.5

	L5
	20.70
	20.7
	0.19

	L6
	12.89
	12.69
	5.92

	L7
	14.48
	14.39
	2.93

	L8
	5.93
	5.77
	1.94


Observation:  Performance loss due to additional overhead channel is minimal.
4. Conclusions

In this contribution, we studied the link performance impact due to this additional overhead channel for network assistance.  From link simulations, it was observed that the performance loss is minimal. 
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6 Appendix

Table 1: Link level simulation parameters.

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH1 Ec/Ior
	-100dB
	

	S-CPICH2 Ec/Ior
	-100dB
	

	S-CPICH3 Ec/Ior
	-100dB
	

	Demodulation-CPICH Ec/Ior
	As needed (-100 dB)
	

	Spreading factor for

HS-PDSCH
	16
	

	Modulation
	QPSK, 16QAM, 64QAM
	

	TBS
	Variable
	CQI based scheduling

	Number of Transport Blocks
	1
	

	HSDPA Scheduling Algorithm
	CQI based
	

	Geometry
	As outlined in section 3
	

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	                   1 5
	

	Number of HARQ Processes
	6
	

	Maximum Number of H-ARQ Transmissions
	1
	

	HARQ Combining
	Chase Combining, 
	

	Redundancy and constellation version coding sequence
	{0,3,2,1} for QPSK

and 16QAM 

{6,2,1,5} for 64QAM
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	1, 2
	

	Channel Encoder
	3GPP Turbo Encoder
	

	Turbo Decoder
	Max- Log MAP
	

	Number of iterations for turbo decoder
	8
	

	Precoding weight vector determination
	NA
	

	Quantization of Precoding vector
	NA
	

	PCI/CQI Feedback delay
	12 slots
	

	Precoding Feedback error rate
	0%
	

	Precoder update rate
	NA
	

	Propagation Channel Type
	PA3
	

	Channel Estimation
	               Realistic
	

	Noise Estimation
	             Realistic
	

	UE Receiver Type
	Type3i
	

	Tx Antenna Correlation
	0
	

	Rx Antenna Correlation
	0
	

	   Interference Modeling
	As outlined in Section 3
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Figure 1 Messages exchanged between network nodes and the victim UE during  HSDPA data transmission and reception.
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