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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 this contribution we provide the content on solutions for co-channel scenarios for the section 7.1.6 in the proposed HetNet TR Skeleton [2]. 
2. Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.1.6
Network Assisted Interference Cancellation 
In Heterogeneous deployments due to the transmit power difference between the macro node and LPN, there is a high probability that the performance of an UE connected to the LPN is impacted by the strong macro interference.  One method to mitigate this performance loss is to adopt an interference cancellation receiver. The network (Macro, LPN, or both) can assist the victim UE to mitigate the interference by sending some scheduling information of the interferer. The victim UE with an interference cancellation receiver can remove the interference once some scheduling information of the interferer is received. 
7.1.6.1
Interference Cancellation 
Assuming that there are Np interfering nodes (macro or LPN), the received signal during a slot can be written as follows:
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where 
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is the channel between the connected node and the UE, and 
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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
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, respectively, are the transmitted power levels for the common pilot, control channels (overhead channels), 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 interference can be cancelled:
 a. Pilot cancellation

 b. Control channel (overhead channel) cancellation

 c. Data traffic channel cancellation 

Hence it could be beneficial if the UE can process first pilots, other overhead channels and HS-PDSCH from one or more interfering cell(s), and then reconstruct and cancel those channels from the received signal. Once the dominant interference is removed the UE can decode the desired HS-PDSCH from its serving HS-DSCH cell. However, it should be noted that the feasibility of control channel cancellation due to strict timeline constraints in a practical UE receiver has not been evaluated. 
7.1.6.2
Aspects of Network Assisted Interference Cancellation 
A. Post-decoding and Pre-decoding IC

There are essentially two types of interference cancellation. One is post-decoding IC, in which the UE demodulates and decodes the interfering signal and then reconstructs and cancels it from the total received signal. In this case in order to decode the interfering HS-PDSCHs, the UE needs to know the transport block size and HARQ RV information besides the modulation and codeset of the interfering signal. The other type of IC is pre-decoding IC, in which the UE does not decode the interfering signal but reconstruct it from the demodulated values. In this case the UE needs to know modulation and codeset of interfering signal. 

B. Signaling of Information for IC:    
One method for the network to convey the scheduling information about the interferer is by sending an additional HS-SCCH with a common H-RNTI so that the network assisted interference cancellation UE can decode the HS-SCCH from interfering cell(s). 
The network can send the scheduling information about the interferer either explicitly or implicitly. In explicit signalling, the network will convey the scheduling information about the modulation, number of channelization codes and the transport block information to the victim UE. In implicit signalling, the network will convey the dedicated H-RNTI of the UE which is scheduled. Note that with implicit signalling, the UE needs to decode the HS-SCCH of the other cell for obtaining the scheduling information. Implicit signalling is beneficial as the victim UE can use this information for cancelling the control channel interference there by improving the performance of downlink control channel. 
Another method is to send higher layer signalling to configure a transmission pattern for the Macro NodeB and LPN and to signal such pattern to the UE is also beneficial to improve the performance of the victim IC UEs in LPN.

It is noted that the type of information needed at the UE depends on the IC architecture. The signalling will impact the transmit power of the data channel in the interfering cell and it needs to be taken into account in the evaluation of the IC gains.

C. Coordinated scheduling and Restricted Resources Subframe
Depending on the receiver structure and scheduling strategy the victim UE with NAIC may experience a more or less hostile interference environment. Especially considering co-channel deployment for HetNet, the use of coordinated scheduling between Macro and LPNs can help realize the full potential IC gains. 

Therefore, if the LPN schedules the victim IC UE in a better interference environment, the victim IC UE can achieve higher IC gain and the performance of LPN edge IC UE could be further improved. Some kind of coordinated scheduling is beneficial to be considered as a network assisting method for interference cancellation receivers.

Restricted Resources Subframe on Transport Format (RRS on TF) is a method of NAIC to improve the performance of the LPN UEs with advanced IC capability. RRS is a form of coordinated scheduling between the Macro and LPNs where the Macro NodeB restricts the scheduled resources. The restriction on modulation type is one way to implement the RRS method. The restricted resources could also be scheduled codes. The details of which resources are restricted can be signalled to the LPN UEs, along with the pattern information. The information about the pattern and restricted resources can be conveyed through higher layer signaling to minimize the impact of signaling on the system capacity. 
The steady and known interference environment when using RRS helps reduce CQI mismatch. If the scheduling at the Macro NodeB and LPN is done independently, as in legacy operation, the Macro NodeB can schedule any modulation type and number of codes, and this can change from TTI to TTI. The LPN UE experiences a changing interfering environment and this will cause a CQI mismatch. With RRS pattern, there is no CQI mismatch because the modulation type of interfering signal does not change over a certain time period and it is known at the LPN UE side. 
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Figure X: Example of TX pattern for Restricted Resource Subframe on Transport Format

One example of RRS pattern is illustrated in Figure X. The RNC will negotiate a pre-configured TTI pattern between the Macro and the related LPNs. On Macro NodeB, some specific TTIs, which are called RRS subframes, are indicated to only transmit some pre-defined transport format, for example, QPSK+15codes or 16QAM+15codes. On the LPN side, since the victim IC UE can have higher IC gain on RRS, the LPN should schedule LPN IC UE on the restricted resource subframes with higher priority. Depending on the network load, different RRS patterns can be considered to optimize performance.
7.1.6.3   Network Assistance for Signaling for type 3i receiver
Signalling from the interfering cell can be considered to improve the performance of type 3i receivers. One example is to send to the victim UE information related to the instantaneous transmit power of a neighbour interfering cell. This can help the victim UE to suppress interference. It is expected that higher gains can be achieved in bursty traffic. 
Depending on the receiver structure and scheduling strategy the victim UE with NAIC may experience a more or less hostile interference environment. Especially considering co-channel deployment for HetNet, the use of coordinated scheduling between Macro and LPNs can help realize the full potential IC gains. 

7.1.6.4
The Simulation Scenario

A
Heterogeneous Network Assumption

The simulation scenario for analyzing the network assisted interference cancellation receiver performance is shown in Figure xx. We assume a network model with 57 Macros. In one of the macro cell regions, one LPN has been dropped. This is a simplified HetNet model between one LPN and one dominant macro with outer cell interference (from other 56 macros). 12 possible UE locations are created and shown in Figure xx (marked from L1 to L12). In the following we elaborate the network layout and UE locations.
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Figure xx: Simulation Scenario for analyzing the network assisted interference cancellation receiver
A hexagonal cell structure is assumed with ISD = 500 meters, and one Macro is located at the origin O. Assume point A lies at the vertex of the hexagon, with the distance OA 288 meters. Further, consider that the LPN  is located at the mid-point of OA, with the distance to the Macro 144 meters. 

The selection of UE locations is based on the following two criteria. First, some locations can only be served by the Macro, and others can be served by both the Macro and the LPN. Second, for the UE locations that can be served by both the Macro and the LPN, the value (Ior/Ioc)LPN - (Ior/Ioc)macro should vary in a wide range, from smaller than -10dB to larger than 10dB.

Based on the above two criteria, we assume 12 UE locations, where 6 locations L1, L2, …, L6 lie on the line connecting the Macro (O) and LPN, and other 6 locations L7, L8, …, L12 are scattered in the lower part of the hexagon. Assume that the distances between locations L1, L2, …, L6 and the Macro are 30m, 25m, …, 5m, and respectively; and the other 6 locations L7, L8, …, L12 are scattered in the triangle OAB where B is another vertex of the hexagon. The locations of L7, L8, …, L12 are shown below.

                       Table xy: UE locations
	UE Location
	Coordinates

	L7
	[0, -250/3]

	L8
	[0, -500/3]

	L9
	[0, -750/3]

	L10
	[-125/sqrt(3), -125]

	L11
	[-125/sqrt(3), -625/3]

	L12
	[-250/sqrt(3), -250],


Note that location L1, L2, …, L6 can be served by both the Macro and the LPN depending on the CIO, but locations L7, L8, …, L12 can only be served by the Macro.
B
Link-level Mapping

We assume the Macro (O) and the LPN that transmits with its full power, and all other Macros transmit with only 20% of the total power (unloaded). We pick out one additional interfering Macro cell with the maximum interference to each location among other 56 Macro cells. This additional Macro cell is modelled in the link-level simulator as an interfering cell; and all other 55 Macro cells are considered to be as the part of additive white Gaussian noise. Intable xx,, the Ior/Ioc for all the three cells under consideration is listed for different UE locations, where the Macro denotes the Macro cell at the origin (O) and the Macro2 denotes the additional Macro interferer. 
Note that for the location L7, L8, …, L12, the Ior/Ioc for LPN is smaller than -10dB, we constrain that the UE at those locations can only be served by the Macro. We consider different LPN CIOs, corresponding to different LPN serving area SLPN and the Macro serving area SM. 

Two UEs are simulated, one dropped into one of the locations in the LPN serving area SLPN and the other dropped into one of the locations in the Macro serving area SM. Each UE will be scheduled from each cell based on the reported CQI.

Table xx: Received signal powers at each UE location

	UE Location
	LPN Ior / Ioc [dB]
	Macro Ior / Ioc [dB]
	Macro2 Ior/Ioc [dB]

	L1
	5.2774
	18.555
	0.92192

	L2
	8.3307
	18.003
	0.66949

	L3
	12.144
	17.59
	1.1988

	L4
	16.951
	17.167
	1.6937

	L5
	23.603
	16.737
	2.1588

	L6
	34.812
	16.302
	2.5979

	L7
	-12.658
	24.273
	4.2725

	L8
	-10.256
	15.356
	1.9603

	L9
	-20.806
	6.9397
	4.8632

	L10
	-18.964
	15.547
	2.6975

	L11
	-20.781
	10.415
	7.7891

	L12
	-28.111
	3.8369
	10.577


7.1.6.4
Link Level Simulation Results with Network Assisted Interference Cancellation 
Although initial evaluations were performed in the study, a more thorough analysis is required to be able to evaluate the benefits of NAIC.
Some of the aspects that need further study are:

· CQI Feedback and Outer loop Efficiciency
· Impact of signaling overhead on Legacy Users

· Impact of the additional overhead due to the DL control channels on capacity
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

It is proposed to agree to and capture the text proposal on network assisted interference cancellation as presented in this document to the UMTS Hetnet TR [2].
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