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1. Introduction

In RAN #63, the new Rel-12 WI on “Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS WI) was approved [1] following the completion of the respective Rel-12 LTE NAICS SI [2]. In the study item stage the final agreements on the possibility of the blind detection were not reached and it was concluded that “blind detection for some parameters was found acceptable in terms of complexity and performance in some cases, but not in some other cases and further study is needed”. At the work item stage the RAN4 WG needs to continue the respective studies with the goal to “Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.”
In the previous RAN4 meeting, the large divergence of the simulation results and assumptions was observed with respect to the analysis of blind interference parameters detection. Hence, the discussion on further alignment of the scenarios and assumptions was initiated and several agreements were reached [3]. However, many important aspects were left undecided. In this paper, we share our views on the scenarios and assumptions to be used for the analysis of blind interference parameters detection and required to derive the conclusions on the possibility of joint detection of a combination of interference parameters.

2. Discussion
In RAN4 #70 meeting the set of evaluation conditions was discussed to align company observations on blind detection complexity and performance. In particular, the following basic agreements were reached [3]:

· Receiver still must detect the presence/absence of interference even under the “known” simulation condition 
· UE cannot assume known strongest interference PDSCH
· Use phase-1 (2 interferers with “on/on” pattern)) for blind detection performance study and phase-2 analysis will be considered later.
· 5-25% geometries RU=40%, I2/Noc conditioned @ 50% and 80%
· 40-60% geometries RU=40%, I2/Noc conditioned @ 50% 
· MCS combinations
· {Desired, I1, I2}: {5,5,5,}, {5,14,14}, {5,25, 25}, {14,5,5}, {14,14,14}, {14,25,25}
· Rank
· 5-25% geometries case: {Desired, I1, I2}= {1,1,1}, {1,2,2}
· 40-60% case: {2,1,1}
· Resource allocation assumed at UE is

· 1 PRB-pair
· 1 subband @ 10MHz
At the same time, many open aspects were not addressed and should be discussed for further analysis. Below we share our considerations on additional aspects of the scenarios and assumptions to be used to derive conclusions on the feasibility of the blind interference parameters detection.

Interference MCS/RI/PMI
As mentioned above, several agreements on the interference MCS/RI distributions were reached. The adopted parameters are based on the existing NAICS Phase 1 methodology simulation assumptions. In particular, wideband interference resource allocation is assumed and hence interferer MCS/RI/PMI parameters are fixed across the frequency domain. Furthermore, the interference signal parameters are also fixed in time domain throughout the simulation time. In the alternate NAICS Phase 2 methodology, same assumptions on the interference resource allocation granularity hold true with the exception that interference has dynamic pattern in time domain to emulate the FTP packet transmission. However, in our view from the performance perspective it is also important to guarantee the robustness of the blind interference detection. So, the NAICS performance in application to the more diverse and realistic interference conditions should be ensured. In particular, the frequency/time varying interference conditions are of special interest. For instance, in the scope of the Rel-11 advanced receiver studies such sort of frequency selective interference model was adopted. So, for further blind receiver studies we propose to consider additional scenario aiming to ensure blind detector robustness:

· Interference presence pattern is fixed (on/on);
· Interference modulation format (MF), RI, PMI parameters have per-TTI / per-subband granularity in time and frequency;
· Interference MF is randomly assigned. The MF probability distribution if FFS and should include QPSK, QAM16 and QAM64;
· Interference RI is randomly assigned in accordance to the pre-defined probability;
· Interference PMI is randomly assigned with uniform probability.

Alternatively the narrow-band allocations with fixed parameters of useful and interference signal can be considered for different number of PRBs. This approach can help check sensitivity of algorithms to frequency granularity.

Proposal 1: Consider to introduce additional Phase 1 scenario with frequency selective interference MCS/RI/PMI model to ensure NAICS receiver blind detection robustness or use narrowband allocations to check sensitivity of algorithms to frequency granularity.

Resource allocation

In accordance to the previous meeting agreements, 1 PRB pair and 1 subband interference resource allocation granularity values are considered. In our view, for the resource allocation granularity the RBG term is more applicable since this is the basic unit used for resource allocation purposes. Furthermore, the RBG is scaled with the BW and hence the total complexity will not increase assuming fixed number of operations per RBG. Different resource allocation granularities should be studied including 1 PRB, 1 RBG, and 2 RBGs to identify the impact on the blind parameters detection.
If distributed resource allocation is used the information on the increased resource allocation granularity cannot be efficiently exploited since additional information on the RA interleaving parameters are required (Ngap). Furthermore, in certain conditions (10, 15 and 20 MHz BW), the respective parameters may change in a dynamic way (i.e. the Ngap value is dynamically chosen out of two values and signalled in the DCI). So, for further analysis it is suggested to consider localized RA modes.

Proposal 2: Further study blind detection performance under 1 PRB, 1 RBG, and 2 RBGs interference parameters granularity assumptions. Use assumption on using localized resource allocation for blind detection.
TM blind detection

In the SI stage the PDSCH-to-PDSCH victim-aggressor channels scenario was prioritized. Furthermore, for the analysis it was assumed that victim-aggressor cells both have either DMRS or CRS based transmission modes. In particular three following scenarios are considered TM9-TM9-TM9, TM4-TM4-TM4 and TM3-TM3-TM3. These scenarios work well for the analysis in the assumption of the known TM. However, for the case of TM detection studies they do not allow to verify detection reliability and the mix of TMs should be considered instead. For instance, the frequency selective interference scenario proposed above can be used for these purposes.
In general, the scenarios with the mix of CRS and DMRS-based transmissions in the serving and interference cells may exist (i.e. CRS-based serving cell transmission and DMRS-based interference cell transmission and vice versa). No studies with respect to such scenarios were done so far. However, some performance impact can be expected. For instance, the detection of the DMRS-based interference in case of CRS-based serving cell transmission may be penalized due to poor DMRS based channel estimation. In our view, at current stage the discussion may be focused on CRS-CRS and DMRS-DMRS combinations of useful and interference signals. For instance, UE may be required to handle either CRS or DMRS based interference transmission modes depending on the configured serving cell TM.
So, the following scenarios should be studied in application to the TM detection for CRS modes:
· UE detects over TM 2/3/4/6;
· TM3/TM4 mix scenario with frequency selective interference.
For DMRS modes, the UE should be informed whether TM8/9 or TM10 is used for interference cell. So, no TM detection may be considered.
Proposal 3: UE needs to handle either CRS or DMRS based interference transmission modes depending on the type of the TM configured by serving cell.

CRS-based PDSCH parameters detection

For the analysis of blind detection of interference cell CRS-based PDSCH parameters the following assumptions should be considered [4]:

· Joint blind detection of interference presence/absence, data to RS EPRE ratio, PMI, RI and modulation format

· Scenarios with 2 and 4 CRS APs should be considered for the analysis. The blind detection complexity may become an issue in case of 4 TX antennas at the interference cell, however NAICS processing for this scenario is desirable.
· Scenarios with colliding and non-colliding neighboring cells CRS need to be equally considered. In the current scenario, the dominant interferer has colliding CRS pattern. Non-colliding CRS scenario should be considered as detection reliability can be penalized due to worse interferer channel estimation in this scenario.
· PMI/RI detection:
· 2 TX antennas: full set of interference PMI/RI values;
· 4 TX antennas: RI = 1, 2 restriction should be considered.
· Data to RS EPRE ratio detection:

· ρA is blindly detected from a subset of values;
· ρA value belongs to the finite subset of values for the QPSK transmissions;
· ρB/ρA ratio is known.
DMRS-based PDSCH parameters detection

For the analysis of blind detection of interference cell DMRS-based PDSCH parameters the following assumptions should be considered [5]:

· Joint blind detection of interference presence/absence and modulation format;
· PDSCH presence detection

· Blind detection of DMRS APs 7&8;
· Physical/Virtual Cell IDs corresponding to the 1-2 dominant interferers are known;
· TM 8-9 or TM10 is known;
· nSCID: Not known for TM9, known for TM10.
Synchronization
In the SI stage, the following agreements on the synchronization were made [6]:

· Synchronous network deployment is assumed for NAICS receivers in the study phase. Receiver performance degradation from timing and frequency synchronization error, as well as under asynchronous deployment, is for future study.

· Subframe/slot alignment is considered to be a reasonable receiver assumption in synchronous network. Additionally CP is considered to be aligned in the analysis. This could be achieved, if needed, with e.g. some network coordination effort.

The NAICS receivers are considered in application to the synchronous networks and UE is assumed to be able to detect whether neighboring cells have asynchronous transmissions. So, for the analysis the CP/subframe/slot alignment can be considered. Meanwhile, both NAICS receiver and blind parameters estimators can be sensitive to the imperfect synchronization and the respective effects should be taken into account. For instance, the simulation should take into account realistic frequency and timing synchronization errors and the CoMP or FeICIC assumptions on the realistic time/frequency offset parameters can be reused.
Proposal 4: Take into account realistic time/frequency synchronization errors for blind detection analysis.

Number of handled interference cells and spatial layers

In the previous meeting the RAN4 WG made the working assumption to “limit the scope of Rel-12 study to total layers (serving + interfering) up to 3 and number interferer to cancel to 1”. The main motivation to make such restrictions was to limit the NAICS receiver implementation complexity. However, further clarifications on the working assumption applicability are needed.

In general case, different NAICS receiver parts may be capable to process different number of interference cells/layers. In our view, to limit the UE implementation complexity the “3 layers + 1 cell” restriction should be applied for 1) interference parameters blind detection, 2) channel estimation and 3) MIMO detection blocks. Meanwhile for the CRS-IC either 1 or 2 interference cell processing can be considered.
Additionally, we think that the “1 cell” processing definition should be clarified. To achieve the best performance UE needs to handle the dominant interferer in terms of PDSCH receive power. However, before the actual interference parameters detection is done the UE does not know neighbouring cell PDSCH interference signal presence and power. In fact, the actual interference level depends on the neighbouring cell scheduling decision (precoding) and the power level might be different from the one observed on the CRS REs. So, in general case, to determine the dominant PDSCH interferer UE needs no search over several hypothesis corresponding to the RSRP-based dominant interferers. At the same time, detection of the parameters for the two or more neighbouring cells may impose large implementation complexity comparing with one cell processing. Meantime, potential performance impacts due to single interferer cell processing comparing to two cell processing are not large as the difference between the first and second dominant interferer power levels is substantial in the majority of scenarios and second interferer suppression may not give much additional improvement. So, in our view, the UE should be required to handle the one dominant interferer based on the measured RSRP metric.
Proposal 5: Confirm working assumption to limit the scope of Rel-12 study to total layers (serving + interfering) up to 3 and number interferers to cancel to 1 in application to the 1) interference parameters blind detection, 2) channel estimation and 3) MIMO detection blocks.

Proposal 6: UE is required to make parameters detection for a single dominant interferer. The dominant interferer to be handled is the dominant interferer in terms of RSRP.
3. Conclusions

In this contribution we provided our views on the scenarios and assumptions to be used for analysis of blind interference parameters detection. In summary, we make the following proposals:

Proposal 1: Consider to introduce additional Phase 1 scenario with frequency selective interference MCS/RI/PMI model to ensure NAICS receiver blind detection robustness or use narrowband allocations to check sensitivity of algorithms to frequency granularity.

Proposal 2: Further study blind detection performance under 1 PRB, 1 RBG, and 2 RBGs interference parameters granularity assumptions. Use assumption on using localized resource allocation for blind detection.
Proposal 3: UE needs to handle either CRS or DMRS based interference transmission modes depending on the type of the TM configured by serving cell.

Proposal 4: Take into account realistic time/frequency synchronization errors for blind detection analysis.

Proposal 5: Confirm working assumption to limit the scope of Rel-12 study to total layers (serving + interfering) up to 3 and number interferers to cancel to 1 in application to the 1) interference parameters blind detection, 2) channel estimation and 3) MIMO detection blocks.

Proposal 6: UE is required to make parameters detection for a single dominant interferer. The dominant interferer to be handled is the dominant interferer in terms of RSRP.
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