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1. Introduction

At RAN#59, the study item on “Network-Assisted Interference Cancellation and Suppression for LTE” [1], denoted as “NAIC” in this document, was approved and aims in the first phase in RAN1 on the identification of deployment scenarios and co-channel inter- and intra-cell interference conditions for evaluating interference cancellation or interference suppression receivers.
The tasks for RAN1 in the first stage of the studies according to the SID in [1] are expressed as:

(RAN1) For data/control channels of interest, identify and agree on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions (including corresponding network/transmission parameters) for evaluating different interference cancellation (IC) or interference suppression (IS) receivers, including the following two main scenarios:

· Intra-cell interference resulted from current SU-/MU-MIMO operation 

· Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.
In a companion contribution [2], we discussed the different data & control channels and types of interference sources with respect to potential network assisted UE receiver operation and gave recommendations on which channels and types of interference the studies should focus in its initial stages: 

· Do not consider CRS interference cancelation as part of this study item, as there are separate RAN4 studies ongoing. 

· Focus in the first phase of the SI on PDSCH decoding – as this will indicate the upper bound on gains that can be achieved from network assistance in UE receiver operation. A careful analysis of the resulting PDSCH decoding performance gain vs. complexity trade-off will enable to judge the justification of the further investigations on other channels.

· Do not consider SU-MIMO in terms of inter-stream interference cancelation capabilities as part of this study item, as not any kind of network assistance is needed nor could be provided on top of information the UE has available based on to Rel. 8-11 specifications.

· Focus the intra-cell interference considerations in the SI on the case of Rel.8-10 MU-MIMO, i.e. the multi-user interference is transmitted from the same eNB/TP, as only PDSCH to PDSCH interference needs to be considered and the signals are in perfect time-frequency-sync resulting in the highest potential gains.

· Considering NAIC investigations on inter-cell interference situations, we propose to focus on neighbor cell PDSCH interference only in the initial investigations to evaluate the potential performance gains. A careful analysis of the resulting performance gain vs. complexity trade-off will enable to judge the justification of the further investigations on other inter-cell interference sources.

· CRS interference not to be modeled in the simulations (as considered in a separate RAN4 WI)

· Neighbor cell NZP & ZP CSI-RS configurations to be assumed to coincide – no CSI-RS to PDSCH interference

· Assume the same PDCCH size in neighboring cells

· Consider EPDCCH to be not configured in the neighboring cells
Based on these suggestions of [2], we discuss the different network deployment scenarios to be considered in the study item phase in this contribution. 
2. On deployment scenarios
Looking back on the recent developments in 3GPP, the deployment scenarios in general can be characterized into two basic cases:

· Homogeneous (macro) networks

· Heterogeneous (macro + small cell) networks

Both scenarios as such are therefore of course of interest in the related investigations. Homogeneous macro-network deployments have been and are still rolled out on wide scale, and this scenario is therefore of course a very (if not the most) important one to consider. Heterogeneous networks including in addition small cell deployments are increasing and will be in the future the dominant deployment scenario for dense urban populated environments with high capacity requirements. Besides, those two types of networks represent different interference status the NAIC receiver may encounter. In heterogeneous networks the dominating interference is rather likely to be from one particular source/eNB while in homogeneous networks, the interference is likely to be from multiple sources with similar power level. 

As both of these scenarios have been or are currently investigated in 3GPP also as part of other studies, it would be very reasonable to reuse existing scenario definitions from other (current & previous) studies. This should be the baseline assumption when defining the investigated scenarios in detail.

Proposal 1: Reuse existing scenarios and modeling assumptions from current or previous 3GPP RAN studies in order to specify homogeneous and heterogeneous scenarios for the NAIC studies.
2.1 Deployment scenarios for intra-cell vs. inter-cell NAIC

Potential network assisted intra-cell and inter-cell IC/IS should be of course possible and hopefully provide gains in both of these two basic deployment scenarios, but they might be applicable in the same way or in different ways. 

Let us first investigate the case of intra-cell interference cancelation capabilities. As noted in [2], we prefer to focus the intra-cell interference cancelation investigations on MU-MIMO operation, where the co-scheduled users are served by the same node in contrast to intra-cell CoMP (i.e. CoMP Scenario 4). In another word, NAIC receiver should be mainly investigated to deal with the situation where the interference can be assumed quasi-collocated and fully aligned with the useful signal. In this case, the main source of interference to be canceled is the interference of a co-scheduled UEs PDSCH. The investigations in this area should clearly focus on the evaluation of intra-cell intra-site interference and therefore the presence of inter-cell intra-site interference modeling is of course essential, but the gains of course are more dependent on the MU-MIMO modeling than the inter-cell interference modeling as such. As a consequence, in order to guarantee the required progress considering the rather strict timelines for this SI by limiting the scenarios to be investigated for the different types of interference, we suggest to consider only a single deployment scenario when evaluating the potential gains of NAIC for intra-cell interference. As the homogeneous deployments are best understood in 3GPP in general and especially in terms of MU-MIMO operation, as considered since Rel. 8 times, we suggest to focus in the intra-cell NAIC investigations on the homogeneous network deployment case. 

Proposal 2: Focus in the intra-cell interference, i.e. MU-MIMO operation from a single TP, NAIC investigations on the homogeneous macro scenario(s).

When considering inter-cell interference, the situation is of course different. There the structure and distribution of inter-cell interference is of outmost importance considering the potential improvements that NAIC will be able to provide. Therefore, both main deployment scenarios – homogeneous macro-only networks and heterogeneous deployment(s) having a combination of macro-networks and small cells is of importance.

Proposal 3: For inter-cell interference NAIC investigations both main deployment scenarios, homogeneous macro deployment(s) and heterogeneous macro + small cell deployments, need to be considered.

2.2 Backhaul considerations for NAIC

When thinking about network assistance in the UE receiver operation, it is of course not just a matter of providing additional information to the UE but we also need to consider how the serving node/eNB gets all the information to be provided for the UE of interest. Moreover, certain envisioned advanced UE receiver operation might require some coordination in terms of scheduling and/or link adaptation also on the network side of the involved network nodes. Therefore, the backhaul assumptions are also very important considering potential NAIC enhancements in Rel. 12. 

Again, there seems to be a difference in terms of intra-cell interference (i.e. MU-MIMO operation) as well as inter-cell interference. As all the decisions and information is available in the single node performing MU-MIMO transmission, the backhaul to neighboring nodes is not having any influence on the operation as such. Therefore, we could for simplicity assume non-ideal backhaul to limit the number of cases that need to be studied separately. 

Regarding inter-cell interference NAIC, of course the speed & amount of the information exchange between neighboring eNBs as well as the therefore possible coordination might be limited by the available backhaul latency & capacity. Therefore both cases - non-ideal backhaul and ideal backhaul – might need to be considered in the studies. As other inter-cell interference management techniques as e.g. CoMP have been already optimized for ideal backhaul assumption, it seems that the focus in the studies could be put on non-ideal backhaul as such.

Proposal 4: Considering backhaul assumptions for network assisted UE receiver operation, apply

· Non-Ideal backhaul for intra-cell (i.e. MU-MIMO) NAIC studies

· Non-ideal backhaul assumptions for inter-cell NAIC studies as a baseline assumptions

· Optionally, ideal backhaul can be considered for inter-cell NAIC
2.3 Considerations on detailed scenarios

For homogeneous networks, 3GPP evaluation methodology has been widely used for long time. And the results have been calibrated between companies. It’s straight forward to continue use 3GPP case1/3 as homogeneous network scenarios as it is helpful to ease the simulation effort. On the other hand, using the same macro model for the homogeneous and heterogeneous network scenario might have advantages as well.
For heterogeneous networks, there are two options available: 3GPP model (in 36.814) or ITU model (in 36.819). 3GPP model in 814 was mainly developed for the evaluation of eICIC technology therefore it doesn’t have clearly requirement on what fast-fading channel model to be used. This particular issue has been discussed in CoMP SI of Rel.11 and it turned out to be not easy to simply combine some realistic fast-fading channel model into the 3GPP het-net channel. Moreover, in the discussions related to the small cell enhancements – physical layer, a dense small cell network co-channel deployment has been defined as “SCE Scenario#1” in [3] that also uses the ITU channel models. We think that scenario is well suited for the related evaluations and is well in line with the guidance in the SID to specifically consider the Rel. 12 small cell SI.

Another point to consider is the traffic model. Deciding between full buffer or FTP type traffic models will clearly impact the DIP statistics, and hence the gains available from certain network assisted advanced receivers. At least full buffer simulations should be conducted to show the gains in maximal load situations. The finite buffer traffic model may be also evaluated optionally.
Proposal 5: Use 3GPP Case1 as homogeneous network scenario, and SCE Scenario#1 (using ITU UMa+ UMi) as the heterogeneous network scenario. 
3. Concrete scenario proposals for the studies
Based on the discussions in [2] and in this contribution, we propose the following detailed scenarios to be considered, which are based on 3GPP Case1 generic homogeneous scenario as well as selecting the co-channel heterogeneous scenario of the small cell enhancements (SCE Scenario#1) for these studies.

	Scenario
	Homogeneous network
	Heterogeneous network

	Cell layout
	Hexagonal sectors (3GPP Case1), ISD=500.


	SCE Scenario#1 with dense small cell deployments [3]

	Channel models
	3GPP Case1 (follow TR36.814)
	ITU UMa + UMi [3]

	Antenna configuration
	4x2 Cross-pol with 0.5lambda distance
	2x2 for macro & small cell

(according to [3])

	UE dropping
	Uniform dropping, 10 UEs per sector
	According to SCE Sc.1 [3]

	NAIC target
	Intra-cell (MU-MIMO)
	Inter-cell
	Inter-cell

	Transmission modes
	TM5, TM9
	TM4, TM9
	TM4, TM9

	Multi-user pairing algorithm
	To be described by companies
	Only SU-MIMO should be considered.
	Only SU-MIMO should be considered.

	Modeling assumptions
	Same TP is transmitting (same CRS, CSI-RS, t-f-sync, …)
	· No EPDCCH modeled

· No CRS interference

· Same PDCCH size

· CSI-RS coincide in neighboring cells (ZP & NZP CSI-RS)
	· No EPDCCH modeled

· No CRS interference

· Same PDCCH size

· CSI-RS coincide in neighboring cells (ZP & NZP CSI-RS)

	Inter-cell information exchange for UE RX purposes
	No
	· Yes
	Yes

	Back-haul assumption
	Non-ideal
	Non-ideal; ideal optionally
	Non-ideal; ideal optionally

	Channel knowledge at eNB
	RI + PMI + CQI

	Feedback delay
	4ms

	Channel and e.g. interference covariance estimation
	Realistic: company to describe the detailed modeling

	Traffic model
	Full buffer (to illustrate gains in full load) – optionally FTP traffic might be considered

	Scheduling Scheme
	Proportional fair

	Overhead 
	3 symbols for PDCCH

12 RE DMRS overhead if it’s TM9, CRS overhead according to number of Tx antennas

	System bandwidth
	10 MHz (600 active sub-carriers, 50 PRBs) @ 2GHz


4. Conclusions

In this contribution, we discuss scenarios to be applicable for intra-cell and inter-cell network assisted UE interference suppression/cancelation.

The discussions in this contribution based on the discussions in the companion contribution [2] the following generic proposals have been made:

· Proposal 1: Reuse existing scenarios and modeling assumptions from current or previous 3GPP RAN studies in order to specify homogeneous and heterogeneous scenarios for the NAIC studies.
· Proposal 2: Focus in the intra-cell interference, i.e. MU-MIMO operation from a single TP, NAIC investigations on the homogeneous macro scenario(s).

· Proposal 3: For inter-cell interference NAIC investigations both main deployment scenarios, homogeneous macro deployment(s) and heterogeneous macro + small cell deployments, need to be considered.
· Proposal 4: Considering backhaul assumptions for network assisted UE receiver operation, apply

· Non-Ideal backhaul for intra-cell (i.e. MU-MIMO) NAIC studies

· Non-ideal backhaul assumptions for inter-cell NAIC studies as a baseline assumptions

· Optionally, ideal backhaul can be considered for inter-cell NAIC

· Proposal 5: Use 3GPP Case1 as homogeneous network scenario, and SCE Scenario#1 (using ITU UMa+ UMi) as the heterogeneous network scenario. 

and consequently, the detailed scenarios described in Sec. 3 are suggested to be adopted.
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