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1   Introduction
In RAN#73 meeting, the new study item on interference cancellation receiver for LTE BS was approved in [1]. The objectives for study item are as follows: 
· Identify the target deployment scenarios and the co-channel intra-cell interference conditions. The following scenario is to be considered:

· Intra-cell inter-user interference scenario where multiple users are co-scheduled on the same resource elements.

· Identify the reference receiver structures for PUSCH 
· Receiver structures based on interference cancellation is considered as a starting point, and practical and realizable implementation should be taken into account.

· Agree on the interference models, interference levels and simulation parameters for link level evaluations
· Evaluate the link-level gain for PUSCH over baseline receiver
· Evaluate the link-level gain over baseline Rel-8 MMSE receiver for intra-cell inter-user interference scenarios.

· The prioritization of number of Rx antennas will be discussed and decided in study phase.
In this contribution, we will discuss the deployment scenarios for BS IC. 
2   Discussion
2.1   Background about the study

In previous releases, RAN4 had specified 8Rx and MMSE-IRC demodulation performance requirements to enhance uplink throughput. This BS IC study item is in the same direction. 
MMSE-IRC makes use of multiple receiver antennas and interference statistical characteristics, and put interference into the noise subspace and put signal into signal subspace by using IRC/whitening algorithm such as to improve the target UE receiving performance.

Unlink BS MMSE-IRC receiver study, the purpose of this WI is to study and specify the advanced receiver with intra-cell inter-user interference cancellation capability to enhance the spectrum efficiency for uplink transmission, while MMSE-IRC is mainly used to suppress the inter-cell interference, i.e., the interference from neighbor cells.
Besides, the desired receiver in this study item should be able to handle the interference which falls into the signal subspace, say, cannot be suppressed by linear operation (matrix operation). It means that we should study the non-linear receiver, which is the counterpart of downlink MUST study in some sense.
2.2   Scenarios
Thanks to previous studies for BS MMSE-IRC receiver and MUST, we can start the work based on the corresponding outcomes for those two items.
TR36.884 captures the study for BS MMSE-IRC receiver, where two scenarios were under study: BS IRC Scenario 1 (Homogeneous network) and BS IRC Scenario 2 Heterogeneous network. And the interference profile coming from the neighbor was studied. TR36.859 captures the study for MUST, where three scenarios were investigated: MUST Scenario 1 (Homogeneous network), MUST Scenario 2 (Heterogeneous network with non-co-channel deployment), and MUST Scenario 3 (Heterogeneous network with co-channel deployment).
As can be observed, both homogeneous network and heterogeneous network were studied. So we can start our work following the same approach. For heterogeneous network, we would like to only consider co-channel deployment case, where the loading would be higher and interference would be more serious.
· Proposal 1: We propose to consider both homogeneous scenario and heterogeneous network co-channel deployment scenario at the beginning
· Scenario 1: Homogeneous deployment with macro cell only

· Scenario 2: Heterogeneous deployment with co-channel low power node(LPN) within the macro cell coverage
In Figure 1, we show the proposed scenarios which are the same as those for BS MMSE-IRC.
[image: image1.emf]
(a) BS IC Scenario 1: Homogeneous network               (b) BS IC Scenario 2: Heterogeneous network

Figure 1: BS IC scenarios
In MUST and BS MMSE-IRC studies, we mainly focus on data channels because the control channels are generally designed more robust and data channel performance is the key to improve the efficiency. So we propose to focus on PUSCH performance in this study item.
· Proposal 2: focus on PUSCH performance enhancement by using BS IC receiver.
2.3   Issues to be studied
By deciding the scenarios for BS IC receiver, we would like to study the following issues:
· Interference model: 
· Number of strong interferences;

· Interference levels;

· Spatial characteristics of interference; 
· MCS

· Timing/frequency offset
· Operating SNR

· Performance gain: first get interference model by system level study, then evaluate the performance gain by link level study.
2.4   Parameters for scenarios
In this section, we would like to further look into the detailed parameters for the potential system level evaluation for each scenario. There would be several parameters that need further discussion.
Firstly, in this study, the multiple intra-cell users are expected to be co-scheduled on the same resource elements. Thus the scheduling schemes for BS-IC would be different from the legacy assumption of PF or round robin scheduling schemes for system performance evaluation. 
In previous study, BS assumes that the resource is only allocated to one user, while for BS-IC BS should first pair the multiple users and put them into the same resources. Thus the scheduling scheme is different from the legacy one, and needs to be updated for BS IC receiver system performance evaluation.
Such scheduling scheme would be related to the receiver antenna number at BS and the spatial characteristics of users to be paired, and would also impact the BS-IC algorithm.
For example, assume that there are four receiver antennas at BS. One scheduling scheme is to pair four users which are spaced very sparsely such that the signals from them come from different directions and are spatially uncorrelated. It is more like MU-MIMO scenario, and maybe MMSE receiver is sufficient to handle it. 
The other scheme is to first group two highly spatially correlated users and then pair four such kinds of groups. In that way, totally at most eight users can be put into the same resources. At the BS receiver, MMSE receiver can separate the signal into four layers and there would be two user streams in each layer. In that case, we may need BS IC receiver capable of handling two users after MMSE operation.

Besides, considering the existence of inter-cell interference, the whitening/IRC operation may be conducted before conducting intra-cell interference cancelling. In such scenario, some spatial freedoms of receiver array are needed or kept to suppress the inter-cell interference. As a result, more highly correlated users may be put into one layer and thus higher BS IC capability, i.e., cancelling more intra-cell inter-stream interference, would be required.
Of course we can conduct BS IC across all the intra-cell streams without MMSE equalization first. But the complexity would be very high especially when the receiver antenna number is large.
In sum, to evaluate the system performance, we should discuss and agree on the scheduling scheme first. During the discussion, we should also take the reference receiver with acceptable complexity into account.
· Proposal 3: New assumption of scheduling scheme should be studied and agreed for BS IC system level evaluation, and the impact on reference receiver should be considered during discussion.
· It could be assumed that BS can have genie information about the spatial characteristics, e.g., AoA (angle of arrival) or receiving spatial vector for each user, and thus BS can pair multiple users.
Secondly, the power control parameters need further study. In BS MMSE-IRC study, the open-loop power control is assumed. For BS IC, it would be reasonable to reuse the similar scheme for simplicity and to make simulation result alignment easier. 
But for BS IC, multiple users would be scheduled in the same resources. Given that it is challenging to conduct the interference cancellation when the interference power level is close to that of target signal, the proper power ratios between different users could be assigned. Thus the power allocation among all the users within one pair should be discussed and agreed.
· Proposal 4: The assumption of power allocations and power ratios for separate users needs further study.

Thirdly, it would be too complicated to assume that the boundaries of allocated PRBs for targeting user and interference users are not aligned. Like what we did in BS MMSE-IRC, we would like to propose to always assume the boundaries of allocated PRBs for targeting user and interference users are aligned within the granularity to calculate the statistics such as SINR or DIP.
· Proposal 5: For simplicity, assume that the boundaries of allocated PRBs for targeting user and interference users are always aligned.
 For the receiver antenna, we propose to consider 2,4 and 8 receiver antennas. Since in the real field UE with 1 Tx is widely used, we propose to only consider 1Tx UE for simplicity.
· Proposal 6: For system performance evaluation, 2, 4 and 8 receiver antennas at BS are assumed and 1 transmit antenna is assumed at UE.

In Table 1 and Table 2, we provide the parameters for system performance evaluation.
Table 1: System-level assumptions for homogeneous scenarios

	Parameters
	Values (for Macro cell)

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	ISD
	500 m

	Total BS TX Power
	46 dBm

	BS Rx antenna number
	2, 4, or 8

	Distance-dependent path loss
	ITU UMa, with 2D distance between an eNB and a UE applied.

	Shadowing standard deviation
	ITU UMa

	Shadowing correlation
	0 between macro-cell sites, 1 between macro-cells

	Penetration loss
	0dB

	Antenna pattern
	Horizontal
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	Combining method in 3D antenna pattern
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	BS antenna Height
	25 m

	UE antenna Height
	1,5 m

	Antenna gain
	17 dBi

	Antenna gain of UE
	0 dBi

	Feeder loss
	0 dB

	Number of UEs
	10 per cell

	UE dropping
	UEs are randomly and uniformly distributed in the macro geographical area, 100 % UEs are outdoor

	Minimum distance between UE and Cell
	>= 35 m

	Traffic model
	Full buffer transmission on PUSCH

	eNB noise figure
	5 dB

	Thermal noise
	-174 dBm/Hz

	Network synchronization
	 Synchronized

	Backhaul Modelling
	No exchange of the information between cells located in different sites.

	Uplink transmission schemes
	Single port uplink transmission on PUSCH, and boundaries of allocated PRBs for targeting user and interference users are always assumed to be aligned

	Uplink scheduling
	TBD

	UL power control
	Open loop power control, and details are TBD

	UE power class
	23 dBm (200mW)

	Inter-cell coordination techniques
	No CoMP and (f)(e)ICIC

	Cell selection criteria
	RSRP based

	Hard handover hysteresis
	3 dB


Table 5.1-2: System-level assumptions for heterogeneous scenarios

	
	Macro cell 
	LPN 

	Cellular Layout
	Hexagonal grid, 19 macro sites, 3 sectors per site

	Carrier frequency 
	2 GHz

	System bandwidth
	10 MHz

	ISD
	500 m
	

	Total BS TX power

	46 dBm
	30 dBm

	BS Rx antenna number
	2, 4, or 8
	2, 4, or 8

	Distance-dependent path loss
	Same as scenario 3 in CoMP SI, i.e., ITU Uma, with 2D distance between an eNB and a UE applied.
	Same as scenario 3 in CoMP SI, i.e., ITU UMi, with 2D distance between an eNB and a UE applied.

	Penetration loss
	Outdoor UE: 0 dB

Indoor UE: 20 dB

	Shadowing standard deviation
	Same as scenario 3 in CoMP SI, i.e., ITU UMa
	Same as scenario 3 in CoMP SI, i.e., ITU UMi

	Shadowing correlation
	0 between macro-cell sites, 1 between macro-cells
	0 between LPNs

	Antenna pattern
	Horizontal
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	Combining method in 3D antenna pattern
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	BS antenna Height
	25 m
	10 m

	UE antenna Height
	1,5 m

	Antenna gain
	17 dBi
	5 dBi

	Antenna gain of UE
	0 dBi

	Feeder loss
	0 dB

	Total number of UEs
	30 per macro cell

	Placing of LPN and UE
	• 10 UEs are randomly and uniformly distributed in the macro geographical area

• 20 % outdoor and 80 % indoor UEs
	• Configuration #4b as in TR 36.814 [3]

• 4 LPNs per macro cell

• 5 UEs are randomly and uniformly distributed within a 40 m radius of each LPN
• 20 % outdoor and 80 % indoor UEs

	Minimum distance (2D distance)
	Macro - UE: 35 m
	Same as CoMP Scenario 3/4 in TR 36.819 [5]

• Macro - LPN: 75 m

• LPN - LPN: 40 m

• LPN - UE : 10 m

	Traffic model
	Full buffer transmission on PUSCH

	eNB noise figure
	5 dB

	Thermal noise
	-174 dBm/Hz

	Network synchronization
	Synchronized

	Backhaul Modelling
	No exchange of the information between cells located in different sites.

	Uplink transmission schemes
	Single port uplink transmission on PUSCH, and boundaries of allocated PRBs for targeting user and interference users are always assumed to be aligned

	UL scheduling
	TBD

	UL power control
	Open loop power control, and details are TBD

	UE power class
	23 dBm

	Inter-cell coordination techniques
	No CoMP and (f)(e)ICIC

	Cell selection criteria
	RSRP based (no CRE)

	Hard handover hysteresis
	3 dB


3   Conclusion
In this contribution, we discuss the scenarios for BS IC study item. We propose that 
· Proposal 1: We propose to consider both homogeneous scenario and heterogeneous network co-channel deployment scenario at the beginning
· Scenario 1: Homogeneous deployment with macro cell only

· Scenario 2: Heterogeneous deployment with co-channel low power node(LPN) within the macro cell coverage
· Proposal 2: focus on PUSCH performance enhancement by using BS IC receiver.
· Proposal 3: New assumption of scheduling scheme should be studied and agreed for BS IC system level evaluation, and the impact on reference receiver should be considered during discussion.
· It could be assumed that BS can have genie information about the spatial characteristics, e.g., AoA (angle of arrival) or receiving spatial vector for each user, and thus BS can pair multiple users.

· Proposal 4: The assumption of power allocations and power ratios for separate users needs further study.

· Proposal 5: For simplicity, assume that the boundaries of allocated PRBs for targeting user and interference users are always aligned.

· Proposal 6: For system performance evaluation, 2, 4 and 8 receiver antennas at BS are assumed and 1 transmit antenna is assumed at UE.

The detailed simulation assumptions are given in Table 1 and Table 2.
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