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1 Introduction
A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPNs) 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. One important deployment scenario is when each LPN creates a separate cell within a macro network. We call this a co-channel deployment. In RAN1#70bis, a few contributions with initial system level simulation results were presented [3], [4].  It was shown that significant gains can be achieved for average sector throughput by deploying LPN in addition to the macro network.  The gains are observed when the LPNs can take up some of the load from the macro.  

However, due to large power difference between the macro node and the LPN the traffic uptake by a LPN and therefore the effect of macro traffic offloading may be very limited as illustrated in Figure 1.
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Figure 1: Illustration of much smaller LPN serving area due to lower DL transmit power.
From network management perspectives, it is useful to be able to control the level of offloading. For example, when the macro cell is overloaded while the small cell served by the LPN is very much idle, it is desirable to encourage offloading from the macro to small cell. Increasing the traffic uptake in a small cell by increasing its service area is referred to as LPN range expansion. 
However, user equipment (UE) making use of cell range expansion can experience severe interference conditions since the received signal strength from interfering node might be stronger than the serving LPN. 

Figure 2 shows the link performance when the UE which is connected to the LPN experiences a strong interference from the macro node.  Note that the interference due to other nodes is modelled as the white noise, which has one-sided power spectral density No. In our simulations, we set the N0 to 1, and thus in the below discussion we use Ioc and Ioc/N0, interchangeably.
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Figure 2:  Link performance illustrating performance degradation when the UE is in the cell range expansion zone.
In the last meeting it was agreed to study interference cancellation schemes with network assistance for improving the link performance of a UE in the range expansion area. With interference capable UEs, aggressive range expansion towards LPN can be applied, thereby increasing the system throughput. 

In this contribution, we describe how the network can assist the UE in cancelling the interference. We also discuss some of the aspects of network assistance, for example how much network assistance is needed etc. We show by link simulations how the loss can be minimized in link throughput.
2 Solutions for Improving the UE Performance in the Range Expansion
To mitigate the performance loss as described in the Introduction, 3GPP is currently discussing few techniques as described below. 

1. Multi carrier deployments (DF-DC): In this scheme two carriers deployed in a macro node have different power levels; the power of the first carrier is kept while the power of the 2nd carrier is reduced to have the same range as that of LPN. Hence the UEs connected to the LPN do not experience strong macro interference on the second carrier thereby improving the performance. Unfortunately this solution requires reducing the range of a macro carrier to achieve more offloading.  Moreover, the amount of standardization effort needed for this scheme is not clear at this point. Additional, the impact on the legacy system needs to be investigated. 
2. Network assisted interference cancellation: In this scheme, the network (either Macro, LPN, or both) can assist the victim UE to mitigate the interference by sending scheduling information of the interferer. The victim UE with an interference cancelation receiver can remove this interference once it has the scheduling information of the interferer. The exact signalling aspects are not clear at this point as how much network assistance is needed and how to signal the scheduling information about the interferer. 
3. Resource restriction for aiding interference cancellation: In this scheme, the network  Radio Network Controller (RNC) restricts the modulation and number of codes for certain time instances. Hence the victim UE knows during these time intervals the partial scheduling information of the interferer.  Note that only pre decoding interference cancellation is possible in this case. If the RNC limits the allowable transport block sizes too, then post decoding and soft or iterative cancellation is possible. On the other hand, if the RNC restricts resources such as modulation, channelization codes or/and transport block size, the macro node may not schedule a UE with a good geometry. Hence there is an impact on legacy system. Moreover whether the RNC sets only one modulation and channelization code or a subset of modulation and channelization codes is not clear.   
While each scheme has its advantages and disadvantages, in this contribution we focus only on network assisted interference cancellation for range expansion.

3 Network Assisted Interference Cancellation

Figure 4 shows the pictorial view of the interference cancellation receiver which will be benefitted by network assistance.  Note that a decision box is introduced to decide whether the interference cancellation is needed or not? However it is up to the UE to determine how to use the network assisted information and we do not propose to limit the UE interference capability. 
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Figure 4: Post Decoding Interference Cancellation Receiver
1.  What to Cancel:  Assume that we have Np interfering nodes (macro or LPNs) deployed. The received signal during a slot can then be written as follows:
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where 
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denotes the channel between the connected node and the UE, 
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 is the channel between the jth node and the UE.  Note that the channel is represented by a Toeplitz matrix. The vector 
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 denotes the common pilot chip sequence, 
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 denotes the control channel chip sequence from the macro node, and 
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 denotes the data chip sequence from the macro node. The pilot symbols, control channel symbols and the data symbols are different from each node. Hence 
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 denotes the pilot channel chip sequence from node j, 
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 denotes the control channel chip sequence from node j, and 
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 denotes the data chip sequence from node j. The variables
[image: image13.wmf]0

p

P

, 
[image: image14.wmf]0

c

P

, and 
[image: image15.wmf]0

d

P

, respectively, are the transmitted power levels for the common pilot, control channels (overhead channels), and data channel (HS-PDSCH) from the desired  node, and 
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, respectively, are the transmitted power levels for the common pilot, control channels (overhead channels), and data channel (HS-PDSCH) from the jth  node. 

The variable 
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 is the path gain from the desired node to the UE and 
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is the path gain from the jth node to the UE, and n is the additive white Gaussian noise which includes both the thermal noise and other-cell interference. 

It can be observed that the desired signal’s pilot, control channel and data channel are impacted by the interference. Hence three types of interferences cancellation are possible.

 a. Pilot cancellation

 b. Control channel (overhead channel) cancellation

 c. Data traffic channel cancellation 

Note that pilot cancellation is possible without any network assistance, hence we do not consider pilot cancellation in this contribution. Regarding the control channel cancellation, [5] discuss about the issues and the performance improvement with cancellation. We do expect significant gains in link throughput with data traffic channel cancellation.  

Figure 5 shows the link performance when the network signals the scheduling information of the interferer.  It can be seen that significant performance gains can be achieved if the UE knows the information about the interference signals. In the simulation, the interference signal was re-constructed at the UE receiver and the interference is removed after the detector output.  
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Figure 5: Link performance with network assistance (macro interference 20 dB stronger than the LPN desired signal)

Observation I: Network assistance to cancel the data traffic channel interference gives significant performance gains for the UE in the range expansion.

2. How to convey the scheduling information: For conveying scheduling information about the interferer the network needs to send information dynamically. Hence we propose to use HS-SCCH orders to send this information. For example a common HS-SCCH order can be defined to convey the information about the scheduling information. During the last RAN1 meeting, some concerns were raised about the audibility of the HS-SCCH to the victim UE. In our view, the common HS-SCCH order should not be power controlled, but rather transmitted such that any UE in the vicinity of the macro node can decode rather than power controlled to a specific UE. 
Proposal I: Use common HS-SCCH orders to convey the information about the interferer. 

3. What to transmit during assistance: It is natural to ask what information the network should send? For example, sending the scheduling information (modulation, channelization codes, TB size) or conveying the UE identifier of the aggressor?  In our view sending an UE id has the benefit that the UE can use this information to do downlink control channel cancellation, thereby improving the performance of its own HS-SCCH [5]. 
Proposal II: UE identifier should be sent in the common HS-SCCH order for network assistance.

4. Is network assistance beneficial in a combined cell: Since the interference structure is the same in a combined cell as that of co-channel deployment, network assistance will benefit the victim UE in combined cell. 
Proposal III:  RAN1 should discuss what simulation scenarios to use for investigating the benefits of network assistance. 
4 Conclusions

Low-power node (LPN) cell range expansion is an important tool for achieving macro traffic offloading and for improving total throughput in a heterogeneous network. In this contribution, we discuss the impact of macro interference when the UE is in a cell range expansion zone. It was observed through simulations that with the network assistance, the performance of the UE can be significantly improved. Hence we would like to propose
Observation I: Network assistance to cancel the data traffic channel interference gives significant performance gains for the UE in the range expansion.

Proposal I: Use common HS-SCCH orders to convey the information about the interferer. 

Proposal II: UE identifier should be sent in the common HS-SCCH order for network assistance.

Proposal III:  RAN1 should discuss what simulation scenarios to use for investigating the benefits of network assistance.
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5 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
	[0 5 10 15 20 ]dB
	

	CQI Feedback Cycle
	1 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 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
	             Ideal
	

	Noise Estimation
	             Ideal
	

	UE Receiver Type
	Type3
	

	Tx Antenna Correlation
	0
	

	Rx Antenna Correlation
	0
	

	   Interference Modeling
	As outlined in Section 3
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