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1 Introduction

In the last RAN TSG meeting the study item on Network Assisted Interference Cancellation was approved.

Document [1] provides the study item description including the objectives for RAN 1 and RAN 4. In meeting RAN 4 66bis discussions on NAICS study item started and the outcome of the ad hoc meeting is captured as follows [2]:

The following cases should be considered during the study item:
· Inter-cell interference 

· Intra-cell interference scenario 

· SU-MIMO (rank-2): Interested companies can bring in results in the next meeting.

· MU-MIMO 

· Companies are encouraged to define methodologies for link-level interference modeling for MU-MIMO

· Synchronization assumption 

· Synchronous: 1st Priority 

· Need to model frequency and timing synchronization error, but assuming single FFT at UEs.

· Reuse CoMP or FeICIC assumptions (depending on the scenarios) 

· Asynchronous: 2nd Priority  

· Desired (PDSCH) and interference channels (PDSCH)

· First priority / starting point

· Other interference scenarios can be considered 

· FFS: Transmission modes

· Interference modelling

· General methodology for link level modeling

· Inter-cell interference modeling: The general principle is to reuse the same methodology used for MMSE-IRC. FFS on interference profiling under FTP model and/or full buffer. 

· FFS: Intra-cell interference modeling

· FFS: Geometries of interest

Additionally document [3] provides the list of possible receivers which companies have proposed during RAN 4 66bis together with guidelines for the analysis in RAN 4 67.

· Companies are encouraged to bring results for their choices of receiver types beginning from RAN4#67. The results may include

· Performance evaluation

· Complexity

· Required interferer parameter knowledge

· Other relevant aspects

· The performance evaluation may include

· Evaluation with (full and partial) and without network assistance / interference knowledge

In this document we provide
· A methodology for the comparison of the results

· Discussion on the channel to be modeled as aggressors

· A discussion on the interference modeling 

· For inter-cell interference: discussion on the interference profiling under FTP model and/or full buffer and geometry of interest considering the scenarios highlighted by RAN 1 in their LS [R1-13xxxx] together with the system level assumptions in R1-13xxxx.
· For intra-cell interference: 
· Interference coming from other transmission points within the same cell.

· A simple method to address MU-MIMO scenarios
2 Methodology
During the study item the aim is to analyze realistic gains which can be achieved by certain families of advanced receivers. These receivers may require more or less explicit information from the network depending on the implementation and depending on the receiver structure itself. Additionally, the requirements in terms of network assistance may depend on specific UE implementations.

Moreover, it is important to down-select a certain amount of receiver types in order to 
· Make sure that we complete the study in a timely manner 

· We limit the spread in achievable gains

· We prepare the work for the WI phase where a certain (possibly single) receiver structure will be considered for the purpose of the definition of the requirements (without of course limiting the implementation freedom in the UE).

In order to achieve this, as a first step we propose to concentrate on genie aided assistance in order to compare the gains that several receivers may potentially achieve. The potential gains can be considered wrt to legacy MMSE-IRC or MMSE receivers.
Proposal 1. First concentrate on comparing receiver structures with genie aided assistance. The potential gains can be considered wrt to legacy MMSE-IRC or MMSE receivers.
By using this approach we do abstraction of the details related to the particular network assistance which is needed for a specific receiver and we can more easily down-select a certain (smaller compared to the list provided in [3]) number of receiver types.

As an example in paper [4] we provide a comparison of L-CWIC and SLIC considering genie aided assistance.
After this step is concluded RAN 4 can start the analysis of the amount of assistance needed from the network for the selected subset of receiver structures and results based on practical implementation can be provided. The following throughput values could be provided
1. Throughput when no network assistance is provided (the UE may estimate blindly some parameters).
2. Throughput when (partial) network assistance is provided for the parameters the UE does not blindly estimates. 

3. Throughput when genie knowledge of all the parameters is available at the UE.

The following metrics can be taken into account when discussing the receivers to select.

1. Relative gain when practical receivers with (partial) network assistance wrt to the case of no network assistance are considered. 
2. Relative loss in performance when practical receivers with (partial) network assistance as per point above wrt the genie assistance are considered. 
3. Relative gain in terms of performance when network assistance is (if needed) provided compared to legacy receiver structure (we propose here to consider MMSE-IRC as defined in TR 36.829 as the baseline receiver structure to compare results with).
In addition to assistance the network can provide in terms of parameters needed in the UE in order to efficiently implement interference cancellation, an other important aspect namely network coordination, should be taken into account as metric to decide which receiver structures to consider. It is important to discuss in early phase how to take into account the amount of coordination needed for the different schemes. It is proposed here to include this point as metric which can be used in order to trade off the gains with complexity.
4. Amount of network coordination required by each scheme.
It is already anticipated that there will be a large spread in the relative gain/relative loss/network assistance/coordination requirements among several companies. Hence, it is recommended that a minimum set of parameters the UE can blindly estimate is agreed in advance depending on the receiver type.

The conclusion of this approach would be to restrict even further the subset of receiver type by considering the tradeoff between the performance gain and UE/BS complexity, signalling overhead, network restriction. This information should be provided to RAN 1 as guideline and should be the outcome of the SI.

Hence the following is proposed:

Proposal 2:   
RAN 4 should analyze of the amount of assistance needed from the network for the selected subset of receiver structures. The following throughput values could be provided
1. Throughput with no network assistance.

2. Throughput with partial network assistance. 

3. Throughput with genie assistance.
The following metrics can be taken into account when discussing the receivers to sub-select:

a) Relative gain between point 1 and 2. 

b) Relative loss in performance between 3 and 2. 
c) Relative gains with respect to legacy receiver structures such as MMSE-IRC.

d) Amount of network coordination required by each scheme

Conclude on a common set of parameters (if any) which the UE can autonomously detect.
Proposal 3:
Down-select only certain receiver structure by considering the tradeoff between the performance gain and UE/BS complexity, signalling overhead, network restriction should be taken into account.

Note that in order to consider all possible scenarios mentioned in Section 1 such as inter cell interference scenarios or intra cell interference when the interference come form a MU-MIMO scenario or from a different transmission point within the same cell coverage area we use in the rest of the paper we use the term “aggressor/serving transmission point” rather than aggressor/serving cell.
3 Aggressor signals

In RAN 4 66bis it was agreed to consider as first priority the desired cell PDSCH as the signal to cancel interference from and aggressor cell PDSCH as interference to cancel.

Even tough RAN 4 concentrates first on this case, we think it is important to model other signals which can as aggressors depending on the scenarios, such as CRSs, SCH/PSS/SSS, PDCCH, ePDCCH etc etc…. This will allow providing realistic gains of what advanced receiver can achieve. These interfering signals will be present in common realistic scenarios and it is important to draw conclusions on this study by considering the right assumptions. 
It should be noted that if the UE cancels all (or most of) the interfering channels mentioned above the gains will be higher than only cancelling PDSCH.
Aggressor transmission point CRS: depending on the scenario CRSs transmitted from the aggressor transmission point can be colliding or non colliding with the CRSs of the serving transmission point. In a shared cell scenario different transmission points may share the same cell ID and hence under this case the CRSs of the aggressors/serving transmission points are not colliding with PDSCH region. Hence, depending on the scenario CRSs interference should be explicitly modelled.

Aggressor transmission point CSI-RS and DM-RS: Depending on the aggressor transmission mode DM-RS and CSI-RS will be scheduled in the aggressor cell and contribute to the interference level seen by the UE. 
Aggressor transmission point PDCCH:  In general different transmission points can use different control region size and hence it is likely that PDCCH of the aggressor transmission point overlap with the PDSCH of the serving transmission point. 
Note also that recently RAN 1 has agreed on a signaling which makes it possible to signal a starting OFDM symbol for PDSCH that results in that the PDSCH is mapped onto OFDM symbols that overlap with the PDCCH control region. This may happen when PDSCH and PDCCH are transmitted from different transmission points. 

Hence we think it is important to consider different control region sizes for the different transmission points.
Aggressor transmission point ePDCCH: ePDCCH may be used to bring uplink/downlink scheduling grand (USS) in Rel-11. ePDCCH spans the PRB region normally used by PDSCH, hence it is likely that if a transmission point uses ePDCCH then this signal will collide with the PDSCH region of the serving transmission point. Hence it is important to model also ePDCCH as possible source of interference. It should be noted that ePDCCH has similar structure as PDSCH. Hence, methodologies may exist to avoid explicitly modeling ePDCCH but only modeling the presence of this interfering signal which may be cancelled by the UE.
Aggressor transmission point SSS/PSS: PSS are always transmitted in the last OFDM symbol of the first slot and  in the last OFDM symbol of the 11th slot and SSS is located in the symbol immediately preceding the PSS, spanning 6PRBs. In a synchronized network PSSS/SSS will not collide with PDSCH region. In case of asynchronous network the PSS and SSS should be explicitly modeled as source of interference colliding with PDSCH region.
Proposal 4: Consider realistic scenarios where not only PDSCH is the aggressor signal but also CRSs, DM-RS, CSI-RS, PDCCH, ePDCCH should be explicitly modeled and considered in the test set up in order to provide realistic gains of what advanced receiver can achieve.  In case of asynchronous network PSS/SSS should also be considered as possible source of interference.  Depending on the receiver structure the UE can consider cancellation of all these channels as well. This will provide higher gains compared to cancellation of only PDSCH.
4 Interference

In this section we discuss interference modelling and scenarios for the simulation analysis.
In general different type of interference can be considered and different assumptions may be needed depending on the scenario, 

· Inter-TP interference may correspond to the case when a UE located in the macro cell edge is interfered by another macro BS. This scenario is similar to those evaluated during the advanced receiver work item in rel-11 and probably some conclusions from that study could be reused. E.g. the geometry of interest was considered as 0 and -2.5dB. It may need to be discussed further whether the geometries used for Rel-11 advanced receiver are sufficient or whether even lower geometries should be considered during the study item. Full buffer traffic was considered under the Rel-11 study. Some discussions are needed on how to capture FTP type of interfering. Under this study interference results were provided for unconditional DIPs (where the statistic of the contribution of i-th strongest interference to the total interference was collected). In addition to this the statistic of the DIP profile conditioned on a certain geometry was also collected. The DIP value was then defined according to the ‘weighted average throughput gain’ method. This method develops multiple sets of DIP ratios, the resulting throughput gains of which are averaged to find an average throughput gain. The set of DIP ratios closest to this average is then selected as the typical interference profile (see TR 36.829). The same methodology could be considered here as well. Recently RAN 4 has agreed on the following assumptions in the context of CRS-IC advanced receiver [5], see also TR 36.814 where FTP traffic models are considered.
	Traffic model
	Non-full buffer FTP traffic Model 1 from TR36.814.

	File size, S

	2 Mbytes (0.5 Mbytes optional)
 (one user downloads a single file)

	Target average resource utilization (RU)
	[0, 10%, 20%,30%,40%,50%, 100% (Low priority)] (Note that 100% average resource utilization is not feasible for FTP traffic model 1)

	User arrival rate λ
	Poisson distributed with arrival rate λ

	Possible range of λ
	Each company to adjust λ to match target resource utilization


While for the rel-11 advanced receiver when full buffer traffic was considered the interference characteristics (number of dominating interferers, allocation etc..) were considered to be constant in time domain, this may not be a valid assumption under FTP traffic model. With FTP traffic, the number of dominating interferers seen by the UE will evidently vary in time and thus the dominating interference profile DIP as defined in 36.829 can be expected to vary from subframe-to-subframe. In non-full buffer and interference limited scenarios it can be expected that the probability that the UE will face several dominating interferers at the same time will decrease. It may be needed to discuss further how to take this time domain statistic into account when deriving proper DIPs. 
Macro-macro scenario is described in Scenario 1 reported in Annex A.
· Inter-TP interference may correspond to the case when the UE is located within the coverage of the macro cell and several pico nodes/LPNs are present within the macro cell coverage. In that case the strongest interference can be the LPN or the macro node. In this case the UE can be in any location in the cell, and geometries of interests depend on the scenario. System level simulations are needed in order to define 

· Geometries of interest 
· Unconditioned and conditioned DIP profiles.


The results will depend on the scenarios (as pr agreements in RAN 1). FTP traffic model should be considered also in this case.
· Intra-TP interference can come from the inter-stream interference in a SU-MIMO case. We can consider that this is the easiest case where no additional effort on interference modelling is needed and legacy dual layer tests can be reused to evaluate the gains, see [6,7].

· Intra-TP interference can come from a MU-MIMO scheme where 1 or more streams are sent to several UEs within the cell. In order to properly model the interference due to MU-MIMO scenarios assumptions should be made on the BS methodology to select the users in the cell which depends on the scheduling algorithm in the BS, assumptions should be made on the precoder which is used by the BS and how the BS make use of the feedback in order to optimize the capacity. All these aspects are clearly BS implementation dependent and it will be challenging to align these aspects among different companies. Additionally the conclusions of the analysis would depend heavily on the assumptions made and the gains will vary a lot depending on the strategy implemented in the BS. Instead of following this (probably long) approach we propose to consider a simplistic approach where the following characteristics are simulated. Only link level simulations are considered where a certain precoder subset restriction is considered. The subset is selected by considering the PMI reported by the UE and randomly select among the precoder vectors which are (‘almost/sufficiently’) orthogonal wrt the selected PMI. This would correspond to a reasonable UE selection (only selecting among UEs which are sufficiently well separated). Similar test set up as currently defined in 36.101 (e.g. Section 8.3.1.1) could be considered. 4x2 and 8x2 antenna configuration should be used in this case. No typical DIP profiles would be defined under these scenarios and performance for a single UE could be established.
Proposal 5. For NAICS Scenario 1 it can be discussed further whether different geometries should be considered wrt the rel-11 advanced receiver. DIP values for full buffer traffic could be initially reused from 36.829. DIP methodology can be used in general, however new set of  system level simulations with FTP traffic model should be provided by considering different target RU (0, 10%, 20%,30%,40%,50%) values with variable user arrival rate. 
Proposal 6. The same FTP traffic model can be considered to define DIPs for NAICS Scenario 2a and 2b. SINR of interests should be derived from system level simulations.
Proposal 7. For MU-MIMO a simple link level approach could be used where reasonable user selection algorithm is modelled through appropriate subset precoding restriction (i.e. by selecting precoding vectors which are sufficiently orthogonal wrt to the PMI selected by the user under test).
5 Conclusions

The following proposal have been provided in this paper:
Methodology: 

Proposal 1. First concentrate on comparing receiver structures with genie aided assistance. The potential gains can be considered wrt to legacy MMSE-IRC or MMSE receivers.
Proposal 2:   

RAN 4 should analyze of the amount of assistance needed from the network for the selected subset of receiver structures. The following throughput values could be provided
1. Throughput with no network assistance.

2. Throughput with partial network assistance. 

3. Throughput with genie assistance.
The following metrics can be taken into account when discussing the receivers to sub-select:
a) Relative gain between point 1 and 2. 

b) Relative loss in performance between 3 and 2. 
c) Relative gains with  respect to legacy receiver structures such as MMSE-IRC.

d) Amount of network coordination required by each scheme

Conclude on a common set of parameters (if any) which the UE can autonomously detect.

Proposal 3:
Down-select only certain receiver structure by considering the tradeoff between the performance gain and UE/BS complexity, signalling overhead, network restriction should be taken into account.

Channel of interest:
Proposal 4: Consider realistic scenarios where not only PDSCH is the aggressor signal but also CRSs, DM-RS, CSI-RS, PDCCH, ePDCCH should be explicitly modeled and considered in the test set up in order to provide realistic gains of what advanced receiver can achieve.  In case of asynchronous network PSS/SSS should also be considered as possible source of interference.  Depending on the receiver structure the UE can consider cancellation of all these channels as well. This will provide higher gains compared to cancellation of only PDSCH.
Interference:

Proposal 5. For NAICS Scenario 1 it can be discussed further whether different geometries should be considered wrt the rel-11 advanced receiver. DIP values for full buffer traffic could be initially reused from 36.829. DIP methodology can be used in general, however new set of  system level simulations with FTP traffic model should be provided by considering different target RU (0, 10%, 20%,30%,40%,50%) values with variable user arrival rate. 

Proposal 6. The same FTP traffic model can be considered to define DIPs for NAICS Scenario 2a and 2b. SINR of interest should be derived from system level simulations.
Proposal 7. For MU-MIMO a simple link level approach could be used where reasonable user selection algorithm is modelled through appropriate subset precoding restriction (i.e. by selecting precoding vectors which are sufficiently orthogonal wrt to the PMI selected by the user under test).
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7 Annex A
RAN 1 has agreed on the following scenarios:

· NAICS Scenario 1:

· Homogeneous network, macro only, ISD = 500m

· ITU UMa channel model

· Non-ideal backhaul between sites (same assumptions as for SCE SI)

· Coordination assumptions:

· Intra-site information exchange is possible

· Inter-site information exchange is subject to the backhaul latency

· FFS whether complexity of information exchange is also taken into account

· NB: This scenario is similar to CoMP scenario 1 in TR36.819

· NAICS Scenario 2a:

· SCE Scenario 1, with the modification that the small cell deployment is sparse not clustered (FFS: 4 or 10 per macro)

· Backhaul assumptions:

· Between macro-cell and small cells within its coverage, and small nodes under the coverage of one macro: Non-ideal 

· Between macros of different sites: Non-ideal

· Coordination assumptions:

· Intra-site information exchange is possible

· Inter-site information exchange is subject to the backhaul latency

· FFS whether complexity of information exchange is also taken into account

· NAICS Scenario 2b:

· Same as NAICS Scenario 2a, with the following exceptions:

· Backhaul assumptions between macro and small nodes within its coverage, and between small nodes under the coverage of one macro: “fibre access 4” as per TR36.932

· Coordination assumptions: 

· According to the backhaul assumptions, information exchange is possible in the following cases:

· Intra-site 

· Between a macro and a small node within its coverage

· Among small nodes within the coverage of the same macro

· According to the backhaul assumptions, the information exchange is subject to the backhaul latency (+ FFS complexity) in the following cases:

· Inter-site between macros 

· Between a  macro and a small node outside its coverage

· Among small nodes within the coverage of different macros 

· General for all scenarios:

· Baseline is Rel-11

· Baseline for comparison should be the appropriate Rel-11 technique(s) for each scenario – to be agreed for each scenario

· CRS interference modelling is included

· FFS number of antenna ports and number of MBSFN subframes

· CRS interference cancellation at the UE is assumed for all subframes for up to 2 interfering cells

· Traffic model: FTP model 1

· Synchronization error

· To be defined by RAN4

· Exact latency value corresponding to non-ideal backhaul is FFS from the values considered in the SCE SI

