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1 Introduction

In RAN #59 plenary meeting, a new SI “Study on network assisted interference cancellation and suppression for LTE” was approved. This SI mainly focuses on introducing an enhanced receiver with network-assistant to cancel and suppress co-channel interference which is from inter-cell or intra-cell. The objectives in [1] are summarized below:

· Phase 1: (RAN1) For data/control channels of interest, identify and agree on realistic deployment scenarios and co-channel inter-cell and intra-cell interference conditions for evaluating different advanced receivers.
· Phase 2: (RAN4) Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility. The link level evaluation should base on the agreed scenarios in Phase 1. RAN4 work can be conducted in parallel to step-1.
· Phase 3: (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impacts of further advanced receiver.
In this contribution, an initial analysis for both data and control channels is provided, and the most promising scenarios for co-channel inter-cell and intra-cell interference conditions are identified. Several proposals are made concerning the evaluation scenarios and criteria for this study. 
2 Evaluation Scenarios
According to the objective of this SI, both inter-cell and intra-cell interference as well as PDSCH and (e)PDCCH should be addressed. Since the ePDCCH transmission is similar to DMRS-based PDSCH, the scenario analysis of ePDCCH could be combined to DMRS-based PDSCH transmission. Knowing also that there is no PDCCH interference for the intra-cell case, there are three possible scenarios: 
· Scenario A: PDSCH/ePDCCH transmission in inter-cell interference environment. 

· Scenario B: PDSCH/ePDCCH transmission in intra-cell interference environment.

· Scenario C: PDCCH transmission in inter-cell interference environment.

In the following discussion, we focus on these three scenarios.

2.1 Scenario A: PDSCH/ePDCCH transmission in inter-cell interference environment 
Network deployment 
Homogenous and heterogeneous networks are two basic network deployment scenarios. A typical homogeneous network with macro-cell is shown in Figure 1. In this scenario, a cell edge user may experience strong interference from neighbor macro-cells, as indicated by the red arrows in Figure 1. In a heterogeneous network, RRH or pico eNBs could be randomly deployed in macro-cell by using ideal backhaul (fiber connection) or non-ideal backhaul with longer latency, as shown in Figure 2. In this scenario, pico UEs who are located in CRE (cell range expansion) range may suffer serious interference from macro cells. Since inter-cell interference is a key scenario in this SI, both homogenous network and heterogeneous network could be taken into account. 
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Figure 1. Homogeneous Network Deployment
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Figure 2. Heterogeneous Network Deployment

Interference conditions 
Interference in scenario A can be clarified into several categories according to different network deployments: 
· Macro to macro interference: The cell edge users served by a macro cell may experience strong interference from neighbor macro-cells, as indicated by the red arrows in Figure 1. In order to improve the performance of cell edge users, several techniques had been studied in Rel-11. From network perspective, coordinated network (e,g, CoMP scenario 1 and scenario 2) could be used to avoid or suppress strong interference, but various coordination schemes (e.g., JT, DPS/DPB or CS/CB) may lead to different interference situations. Noted that these schemes are based on ideal backhaul, when non-ideal backhaul is addressed in Rel-12, interference may not be easily avoided. From UE implementation perspective, CRS/DMRS based IRC receivers could suppress interference well when an accurate interference covariance matrix can be estimated, which had been investigated in RAN4. However, in some cases (e.g., CRS colliding between macros), CRS based IRC receivers may not work well because an accurate interference covariance matrix cannot be obtained. In order to further improve the performance of cell edge UEs by advanced receivers, it is worth modeling this kind of interference in homogeneous networks.

· Macro to pico interference: Assuming a LPN (low power node) UE is located in the CRE area, it may suffer serious interference from macro cells. Similar to macro-macro interference, coordinated network (e.g., CoMP scenario 3 and scenario 4) could apply coordinated schemes to deal with the strong interference from macro cell. For example, in Figure 2, macro cell and LPN cell (RRH1) can transmit data to UE1 simultaneously, which makes interference into signals. However, when non-ideal backhaul is assumed, coordinated network may not work well so that interference would not be neglected.
· Pico to pico interference: Considering the small cell scenarios (e.g., scenario #2a, scenario #2b, scenario #3) that LPNs are deployed in a hotspot area where there is no macro cell interference. Since a LPN cell has a smaller serving area than a macro cell, the UE in one LPN cell may observe strong interference from one or several neighbor LPN cells, thus, the interference model in this scenario may be different from macro-macro interference. Both sparse and dense cases could be studied, and it is proposed to take sparse environment as a starting point. 
· Macro plus pico to pico interference: Considering the small cell scenarios (e.g., scenario #1) that LPNs are deployed in a hotspot area with macro cell interference. As shown in Figure 2, when UE3 served by pico-cell 1 is located in the area where pico-cell l and pico-cell 2 are overlapped, it may receive interference from macro as well as pico-cell 2. This is a different interference model which might also need further study. 
Transmission assumptions
As described in SID, both CRS-based PDSCH transmission and DMRS-based PDSCH/ePDCCH transmission should be taken into account. Since CRS colliding or non-colliding configurations will impact the accuracy of interference measurement, these two cases could be evaluated separately.
Different traffic load will result in various interference levels which may lead to different performance of advanced receivers. Considering the possible scenarios for IC and IS receivers with network assistance, both full-buffer traffic model with continuous interference and FTP traffic model with time-varying interference should be studied.
Based on above analysis, both homogeneous and heterogeneous network could be considered as the possible scenarios for evaluating network-assisted IC/IS receivers.
Proposal 1: Both homogeneous and heterogeneous networks could be considered as evaluation scenarios for network-assisted interference cancellation and suppression.
· Consider different interference profiles and practical transmission assumptions. 

2.2 Scenario B: PDSCH/ePDCCH transmission in intra-cell interference environment
Network deployment 
Here a single eNB transmits multiple layers’ data to one UE or schedules multiple UEs at the same time-frequency resources. Correspondingly, the UE will experience intra-cell interference resulting from Multi-rank/MU-MIMO transmission. 
Interference conditions 
For Multi-rank transmission, the main intra-cell interference arises from other layer(s) sent to the same UE, which could be suppressed or even cancelled by IRC receivers or IC receiver without network assistance. For MU-MIMO transmission, eNB selects paired users who have complementary pre-coder matrices to decrease the MU-MIMO interference, but MU-MIMO interference between these paired users cannot be fully eliminated due to the limitations of CSI measurement/feedback and pairing algorithms. Therefore, for intra-cell interference the case of MU-MIMO should be studied with high priority.
Transmission assumptions
Considering that MU-MIMO operation is used to increase cell-average throughput rather than improving cell-edge throughout, two factors may impact the performance: the first one is successful-paired-ratio, which is highly related to the served/active UE number in a certain cell; another one is the residual co-channel interference from paired UEs, which is caused by the imperfect CSI measurement and pairing algorithm. Therefore, the following assumptions could be considered:

· A scenario with a large number of served/active UEs in the serving cell. Macro-cell homogeneous networks seem more reasonable since there are likely more served/active UEs per cell compared to heterogeneous networks.
· Heavy traffic load for serving cell. For example, high resource- utilization for each cell or full-buffer traffic model.
· Realistic CSI measurement/feedback and pairing algorithm should be considered.

Regarding the transmission mode, TM5/TM8/TM9/TM10 can support MU-MIMO according to current specifications, and some important differences between them are summarized in Table 1. TM9/TM10 might have higher priority but other transmission modes are not excluded. 
Table 1. Difference of TM5/TM8/TM9/TM10 MU-MIMO

	
	TM5
	TM8
	TM9
	TM10

	Transparent to UE
	No
	Yes

	Scheduling restriction
	Same resource to paired-UEs
	No restriction of resource allocation for paired-UEs

	Pre-coding matrix
	Indicated by PMI in DCI
	Imply in DMRS

	CSI feedback
	CRS based
	CSI-RS based 
	CSI-process based

	Supposed QCL type
	QCL Type A
	QCL Type A/B


Proposal 2: A homogeneous macro-cell network could be considered as the evaluation scenario for intra-cell MU-MIMO PDSCH. 

· Take TM9/TM10 as high priority.
2.3 Scenario C: PDCCH transmission in inter-cell interference environment 
Network deployment 
The network deployment of scenario C is the same as that of scenario A. 
Interference conditions 
The interference of inter-cell PDCCH may come from macro to macro, macro to pico, pico to pico and Macro plus pico to pico, which is very similar with scenario A. All these interference conditions have been analyzed in section 2.1.

Transmission assumptions

The possible scenario for advanced receiver to provide significant gains could be higher PDCCH load. With higher PDCCH load, eNB may schedule less CCE resources to each UE, thus, advanced receiver could provide additional demodulation performance gains by suppressing or cancelling intra-cell interference. This case requires a large number of served/active UEs simultaneously to transmit PDCCH in the serving cell. Similar to scenario B, macro-cell homogeneous network with heavy PDCCH traffic load might be a reasonable assumption for scenario C. 

Proposal 3: A homogeneous macro-cell network could be considered as the evaluation scenario for inter-cell PDCCH.
· Take higher PDCCH load as assumption 
3 Evaluation Assumptions and Criteria 
3.1 Common Evaluation Assumptions
3GPP case 1 and case 3 are typical homogeneous network deployments, and the main difference between them is the inter-site distance (ISD), which are 500m and 1732m respectively. Case1 seems more reasonable due to its smaller ISD and higher inter-cell interference between cells. Regarding heterogeneous network, LPNs could be deployed in case 1’s macro-cell network and the basic simulation assumptions (e.g., eNode B transmit characteristics, UE receive characteristics, traffic models, ISD, path loss model, etc.) can refer to the corresponding description in [2]. 

In addition to basic system simulation assumptions, some practical issues should also be considered:
Synchronous or asynchronous network
Both synchronous and asynchronous networks could be deployed in practical network. In asynchronous networks, UE may observe a large timing offset (e.g., 0.5ms) between the serving cell signal and interference from interfering cells. In this case, advanced receivers may not work well under large timing offsets or the implementation complexity would increase a lot. Both of them could be addressed, but it is better to consider a synchronous network as a starting point.
Backhaul latency and throughput
According to the SID, backhaul latency shall be taken into account. Other than backhaul latency, backhaul throughput will also impact exchanging information between different cells, which might lead to different network-assistance schemes for advanced receivers. So it is better to take both latency and throughput into consideration. A categorization of non-ideal backhaul listed in [3] is summarized here in Table 2.

Table 2. Categorization of non-ideal backhaul
	Backhaul Technology
	Latency (One way)
	Throughput

	Fiber Access 1 
	10-30ms 
	10M-10Gbps

	Fiber Access 2
	5-10ms
	100-1000Mbps

	Fiber Access 3
	2-5ms
	50M-10Gbps

	DSL Access
	15-60ms
	10-100 Mbps

	Cable 
	25-35ms
	10-100 Mbps

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range


Timing/frequency offset
The timing/frequency offset between different cells (either eNBs or LPNs) will impact the receiver’s demodulation performance under the operation of CoMP, eICIC, or other possible network coordination techniques. Therefore, in order to study and evaluate the feasibility for network-assisted IC and IS receiver, timing/frequency error should be taken into account in deployment models.

Feedback overhead/error/latency
According to the SID, feedback overhead/error/latency should also be considered in the interference modeling.
Proposal 4: Practical implementation should be considered when defining the evaluation assumptions.

· Take synchronous network as a starting point. 
· Take non-ideal backhaul as simulation assumptions.
· Timing offset and frequency offset between different cells should be modeled.
3.2 Evaluation criteria
The purpose of this SI is to study the implementation feasibility of advanced receiver to cancel and suppress interference with network-assistance. On one hand, advanced receiver could provide additional demodulation gains which can be evaluated by average cell throughput or cell edge throughput. On the other hand, the evaluation of receiver’s implementation complexity is also important and might be addressed in this study. If some network-assisted signaling could help reduce the algorithm complexity of receiver, this will be helpful to obtain a trade-off between system performance and receiver’s complexity. Therefore, throughput gain and the reduction of receiver’s complexity could be used as evaluation criteria.
Proposal 5: Throughput gain and the reduction of receiver’s complexity could be used as evaluation criteria.

4 Conclusion
In this contribution, evaluation scenarios for network-assisted interference cancellation and suppression are discussed, including co-channel inter-cell and intra-cell interference arising from homogeneous and heterogeneous deployments for both data and control channels. Realistic eNB and UE impairment modeling are also addressed. In summary, we make the following proposals:
Proposal 1: Both homogeneous and heterogeneous networks could be considered as evaluation scenarios for network-assisted interference cancellation and suppression.
· Consider different interference profiles and practical transmission assumptions. 

Proposal 2: A homogeneous macro-cell network could be considered as the evaluation scenario for intra-cell MU-MIMO PDSCH. 

· Take TM9/TM10 as high priority.
Proposal 3: Macro-cell homogeneous network could be considered as the evaluation scenario for inter-cell PDCCH.

· Take higher PDCCH load as assumption. 
Proposal 4: Practical implementation should be considered when defining the evaluation assumptions.

· Take synchronous network as a starting point. 
· Take non-ideal backhaul as simulation assumptions.

· Timing offset and frequency offset between different cells should be modeled.

Proposal 5: Throughput gain and the reduction of receiver’s complexity could be used as evaluation criteria.
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