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1 Introduction
With the ever increasing requirement of network capacity, technologies with better spectrum efficiency and network structure with denser cell need to be further investigated [1]. In R10/R11, network-based transmission cooperation has been discussed in eICIC/feICIC and COMP etc. However, the performance of network-based transmission cooperation is usually restricted by backhaul condition. Just as the study in R11 [2] shows, interference suppression/cancellation (IS/IC) through advanced receiver, even without any transmission cooperation, can achieve much more gain than the traditional receiver. 

In this contribution, interference scenarios with intra-cell and inter-cell are analyzed first, and then factors that have impacts on IS/IC performance are discussed. Finally, we present our proposals for potential network assisted receiver enhancements.
2 Co-channel interference scenarios/conditions
The Co-channel interference mainly includes following types, which is illustrated in Figure 1:
· Intra-cell interference

· Inter-stream interference
· Inter-user interference
· Inter-cell interference
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Figure 1. Co-channel interference
To be noted, IS/IC can be performed at the UE even without any additional information for intra-cell inter-stream interference. Only the knowledge of pre-coding information of the interfering UE is needed for intra-cell inter-user interference, while both pre-coding matrix and channel state information between the interfering cell and the UE may be required for inter-cell interference. As a result, the SID’s [3] focus on the last two interference types should be enough.

In the following, we present several co-channel interference scenarios that need to be evaluated in the next step, and we also discuss the interfering characteristics of each of scenario.
Scenario 1:  Intra-/Inter-cell interference in homogeneous network
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Figure 2. Intra-/Inter-cell interference in homogeneous network

In homogeneous network, coverage area of the cell usually is large, and a lot of users are covered by the same cell. Thus, intra-cell MU-MIMO under   occurs with higher probability, but inter-cell interference is also an important factor to performance due to the longer border between different cells. Backhaul delay for this scenario is another important factor to consider. At the same time, because network based transmission cooperation (CoMP) has been introduced, we should evaluate the performance of network-based receiver IS/IC based on with/without COMP.
Scenario 2: Intra-/Inter-cell interference in heterogeneous network

[image: image3.emf]Small cell

Small cell

Relay

Small cell

eNB

Target signal

MU interference

Inter-cell interference

F1

F1/F2


Figure 3. Intra-/Inter-cell interference in heterogeneous network
With the exponential traffic growth, heterogeneous network with various nodes like HeNB, Relay, Pico etc. will be an important deployment scenario (also see Figure 3). Especially in Rel-12,  high density small cell deployment becomes an effective way to improve system efficiency. Strong interference of a small cell not only comes from macro cell, but may also come from another small cell, i.e. small cell has become an important interfering source. At the same time, backhaul delay also needs to be considered. 
According to the density and topology of the LPN, scenario 2 can be divided into the following sub-categories:
Scenario 2-1: Macro and LPN use the same frequency; there is a small number (e.g., 4) of LPN covered by each Macro, and all LPNs are placed outdoor. In this scenario, the co-channel interference to LPN mainly comes from macro, while the interference between small cells is not serious due to their isolation. Intra-cell interference occurs with smaller probability than in homogeneous network. COMP scenario 3 or 4 in Rel-11 can be referenced here for topology and characteristics of LPN.
Scenario 2-2: Macro and LPN use the same frequency; there is a large number (e.g., 20 or more) of LPN covered by each Macro, and all LPNs are indoor. In this scenario, the main co-channel interference not only comes from macro   but also from other LPNs. There is little intra-cell interference because few users are covered by LPNs. Small cell scenario 1 can be referenced here for topology and characteristics of LPN.
Scenario 2-3: Macro and LPN use different frequency; there is a large number (e.g., 20 or more) of LPN covered by each macro. In this scenario, the co-channel interference mainly comes from LPN. There is little intra-cell interference because few users are covered by each LPN, and no interference exists from macro to LPN. Small cell scenario 2a can be referenced here for topology and characteristics of LPN. Both CoMP and non-CoMP scenario may be evaluated for IS/IC gain considering backhaul delay.
Scenario 2-4: Macro and LPN use different frequency; and there is a small number (e.g., 1 or 2) of LPN covered by each macro. All LPNs are located indoor. Small cell scenario 2b can be referenced here for topology and characteristics of LPN.
In Rel-11, CoMP scenario 3 where different low power nodes with different cell  and CoMP scenario 4 where different low power with the same cell ID as the macro Node have been introduced. 
In the scenario where macro and LPN uses different cell ID, backhaul with certain delay needs to be considered. As eICIC/feICIC is less sensitive to delay than CoMP, network based receiver IS/IC performance evaluation can be done with/without eICIC/feICIC. And if eICIC/feICIC is considered, 6 dB or 9 dB can be configured for CRE. It is FFS whether the evaluation needs to be done with/without CoMP in this scenario.
In the scenario where macro and LPN uses the same cell ID, different LPNs provides independent transmission for different users, thus the interference among these TPs cannot be ignored. Because common system information such as PDCCH/CRS/PSS/SSS is transmitted via SFN, for which centralized scheduling is preferred, therefore CoMP based transmission cooperation could be conveniently realized. Thus in this scenario, network based receiver IS/IC performance evaluation can be done with/without CoMP respectively, while whether it needs to be done with/without eICIC/feICIC is FFS.
Proposal 1: For co-channel interference evaluation, network assistance based IS/IC receiver   gain in both homogenous and heterogeneous network should be studied, with various topologies in heterogeneous network:

· Low density/ High density LPN

· Macro and LPN with same/different frequency
· Macro and LPN with same/different cell ID and with/without transmission cooperation
For inter-cell interference, although interfering resource can come from synchronous or asynchronous network, network assistance based IS/IC  receiver should focus on synchronous network.
Different transmission mode like CRS/DMRS based transmission may result in different interference estimation. As shown in Figure 4, when interference comes from intra-cell, the UE itself and the interfering UEs are always based on the same type of RS. However, when the interference comes from inter-cell, the UE is unable to identify the transmission mode of its interfering UE, which may affect the UE’s interference IS/IC ability.
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Figure 4. Intra-/Inter-cell interference transmission mode
Simulation methodology, which includes traffic model, estimation error modelling etc, is another aspect to consider. For traffic model, both full buffer and non-full buffer based evaluations are required. In case of non-full buffer, high/medium load can be assumed such as FTP model 1 of 0.5M byte file size with moderate and large lambda e.g. (λ=4 for HetNet scenarios). For interference modelling, both CRS based and DMRS based interference transmission should be considered. For estimation error modelling, the impact of both channel estimation error（e.g. CRS, CSI-RS, DMRS channel estimation）and interference estimation error (e.g. interference covariance estimation error modelling) need to be modelled, where TR36.829 can be used as the reference for interference modelling. Besides, when modelling the CRS based transmission, we need to consider the impact of  CRS collision. While for DMRS based transmission, we need to consider the performance impact with both orthogonal and quasi-orthogonal DMRS allocation. Another point is receiver antenna number at UE side, it is noted that large receiver antenna number is important to IS/IC at receiver, so   4-Rx receiver can also be considered.
In the appendix, we present the interference CDF distribution curves in sparse, medium and dense small cell deployment scenarios, with the details of the parameter configuration shown in the appendix. From the statistical results we can see that the number of strong interferer number keep growing as the number of LPN increases. Therefore, it is necessary to enhance UE interference estimation ability, e.g. accurate estimation of at least 3 strong interferers.
3 Factors impacting IC/IS performance
For advanced receiver realization by network assistance, the tradeoff between performance and complexity needs to be considered. According to [1], we can start at different stages for different reference receivers. Considering that there have been lots of evaluation and analysis about linear receivers like MMSE/MMSE-IRC, we suggest that the evaluation is  based on MMSE-IRC receiver in the first stage, then move on  to the other receiver types, such as SIC receiver, iterative IC receiver, iterative-turbo IC receiver and ML receiver, in the order of complexity,.
According to MMSE-IRC formula, factors impacting MMSE/MMSE-IRC receiver performance include:
1. Channel estimation accuracy;
2. Channel space freedom which depends on TX/RX antenna configuration and antenna pattern;
3. Interference covariance matrix estimation accuracy.
When dynamic resource scheduling is supported, the UE may suffer different interference in different PRB/sub-band. For example, if the UE is assigned with resource X, Y and Z for downlink data transmission, it is entirely possible that the resource X is interfered by CRS based transmission, the resource Y is interfered by DMRS based transmission, and the resource Z is interfered by EPDCCH transmission. Thus in order for the UE to evaluate its interference, the network needs to carefully coordinate the resource of this UE and its interfering UEs, especially the strongest interfering UE, otherwise the network will complicate the signalling required to inform the UE. As a result, in addition to the above influencing factors, we also need to consider

4. Interference difference between different PRB (sub-band) caused by scheduling.

For the above factors, the main factors for this SID of network based IC/IS at receiver side should be factor 3 and 4  in our opinion.
Proposal 2:  In the first stage, we suggest that study is focused on MMSE-IRC receiver, with the following main factors to consider:
· Interference covariance estimation precision
· Interference difference between different PRB
4 Potential network assisted receiver enhancements
For intra-cell inter-user interference and DMRS based transmission, two rank-1 users have been supported with orthogonal DMRS in R10/11. But when the rank of any UE is larger than one, orthogonal DMRS cannot be satisfied according to current specs and the UE cannot evaluate the interference from the paired UE precisely. Furthermore, due to transparent transmission of paired UEs, the UE cannot tell whether the DMRS of its paired UE is orthogonal, which affect the UE’s ability to determine its interference estimation type. For CRS based transmission, the UE cannot get the pre-coding information of interfering users, so currently it is not easy to find a solution for the interference problem. 
For inter-cell interference, there have been transmitter based cooperation technologies like CoMP/eICIC/feICIC. But these are more or less limited by backhaul delay/capacity constraint, scheduling complexity, imperfect channel state information, etc. Applying IS/IC at UE side on top of TX cooperation is useful to overcome these problems. With TM10, two UE rank one orthogonality can be achieved through configuring the same scrambling sequence between strong interfering nodes. However, for DMRS based transmission, this is usually not enough, especially with high density small cell deployment where more than one strong interferer exist. For CRS based TM or DMRS based TM8/9, only coarse estimation of total interference power can be achieved, which largely limit the IS/IC performance of the advanced receiver.
For DMRS based PDSCH transmission, a simple enhancement is to have the ability to assign DMRS ports more flexibly and use DMRS RE muting where required. This avoids additional RE overhead and has small spec impact, while achieving better interference estimation.
For CRS based PDSCH transmission, pre-coding information is not contained in estimated interference. To assist IC/IS at UE side, network should provide pre-coding matrix information of the paired UE for intra-cell interference and both pre-coding matrix information and interfering channel state information for inter-cell interference. For CRS, it is difficult to find usable RE to mute for interference measurement under current specs, additional REs and signalling may be needed. To minimize standardization effort, adopting same mechanism such as the one used for DMRS based TM is preferred.
For EPDCCH transmission, because the resource assignment is based on ECCE not PRB and its DMRS port assignment is associated with ECCE, it seems not easy to reuse the same network based IS/IC mechanism as PDSCH. Similarly, PDCCH interference measurement may need to be considered independently from PDSCH.
To enable enhanced intra-cell and inter-cell interference mitigation at the receiver side, some degree of knowledge about interference are required from the network side. Based on the factors affecting IC/IS performance described in section 3, the network need to provide some information, such as:
· The information about reference signal and pre-coding matrix
· Reference signal port and rank information

· Interference estimation type indication information

· The resource assignment information

· The resource of RE used for interference measurement
Among the above candidates, a careful performance and signalling overhead tradeoff study is needed  in order to design the signalling support for the network assisted advanced receiver.
5 Conclusion
In this contribution, we discussed co-channel interference scenarios, factors impacting IC/IS receiver performance and potential enhancement schemes for network assisted IS/IC receiver. The following proposals are made:
Proposal 1: For co-channel interference evaluation, network assistance based IS/IC receiver gain in both homogenous and heterogeneous network should be studied, with various topologies in heterogeneous network:

· Low density/ High density LPN

· Macro and LPN with same/different frequency

· Macro and LPN with same/different cell ID and with/without transmission cooperation

Proposal 2:  In the first stage, we suggest to focus the standardization effort based on MMSE-IRC receiver , with the following main factors to consider:

· Interference covariance estimation precision
· Interference difference between different PRB
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Appendix
Case1: Sparse small cell deployment scenario, 4 Picos in each macro

   Case2: Medium small cell deployment scenario, 10 Picos in each macro

Case3: Dense small cell deployment scenario, 20 Picos in each macro

Table 1 Simulation assumptions for small cell simulation 
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 sites, 3 Macro cells per site, wrap‑around 

	Small Cell Configuration
	Configuration #4b with 4/10/20 small cells per macro cell for case1/2/3 respectively

	Number of UEs dropped within each macro geographical area
	60

	Channel Model 
	ITU UMa for Macro, UMi for small cell

	Operating bandwidth (BW)
	10 MHz

	Tx Power 
	46 dBm for macro and 30 dBm for small cell

	UE Speed
	3km/h

	Association bias
	0 dB

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at macro eNB, 2Tx cross-polarized antenna at small cell node
Receiver: 2Rx cross-polarized antenna at UE

Antenna tilt  15 degree
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Figure 5. Interf/Signal CDF for case 1
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Figure 6. Interf/Signal CDF for case 2
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Figure 7. Interf/Signal CDF for case 3
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