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1 Framework
	R4-133627
	Approval
	Summary of geometry calibration and proposal on geometry settings for link level simulation
	MediaTek Inc.


Conclusion:

· Agreed but with modification that the Noc equation in section 8.1.1 is applicable to scenario 1 only. 

	R4-133630
	Approval
	Summary of interference modeling email discussion
	MediaTek Inc.


Conclusion: 

· For formal endorsement in RAN4 RRM session 
	R4-133633
	Approval
	Proposed TP for TR36.863 for NAICS (Section 7)
	MediaTek Inc.


Conclusion:

· Companies to review the TP and provide revisions if any. Aim for consensus and approval in RAN4#68.
	R4-133636
	LS out
	Draft LS to RAN1 on current status and observation on NAICS receivers
	MediaTek Inc.


Discussion:
QC: 

· Complete phase-1 for calibration
· Completion of phase-2 before any LS

Ericsson: 

· Down selection of receivers is preferred before any LS

Samsung

· Important to start system level simulation in RAN1

Intel

· Phase-1 results can be useful 

· System level model needed
Renesas

· Can focus on SU-MIMO with a LS

Orange

· Support sending an LS to RAN1
	R4-134194
	Discussion
	Link to System Level Mapping of NAICS Receiver Gains
	QUALCOMM Incorporated


2 NAICS Link level interference modeling
Issues for scenario-2a/2b:
· Should more than 2 interferers be modeled for scenario 2?

· Should macro and pico have different loading factor?

Conclusion: Companies are encouraged to agree on these two aspects before Thursday session.
Open Issues for Phase-2:
· Should Interference MCS change over subframe for same packet? 
· Should Interference MCS change over subbands?
· Interference ON/OFF pattern?
· Option (1): The packet duration is calculated based on 0.5Mbytes packet size and the assigned MCS/RI;

· Option (2): Fixed ON period followed by random OFF period derived based on Poisson process and a certain arrival rate. ON period duration is calculated based on 0.5Mbytes packet size and the average SE of the packet transmission;

· Option (3): Fixed ON period followed by random OFF period derived based on Poisson process and a certain arrival rate. ON period duration is derived from system-level simulations for each scenario and RU.

· How to choose MCS, RI?
· Option (A): Interference has a constant MCS/RI across the time and frequency domain for the duration of each packet, where the duration is calculated based on 0.5Mbytes packet size and the MCS/RI.

· Option (B): Random MCS/RI across subframe and/or subband for the duration of each packet, where the duration can also be calculated based on 0.5Mbytes packet size and the random MCS/RI.

Agreement on ON/OFF modeling
· Interference has a constant MCS/RI across the time and frequency domain for the duration of each packet
· Note: This simplified model is adopted for link level evaluation in the study item phase. System level simulation will have realistic interference MCS/RI that varies during each packet, and more realistic model (e.g., Random MCS/RI across subframe and/or subband for the duration of each packet) should be considered for test definition in later Work Item phase.
· Ericsson to provide wording to address the concerns on signaling implication and other aspects. 

	R4-133277
	Views on NAICS Phase-2 Evaluation Methodologies
	NTT DOCOMO


Proposal 1: We propose the following fixed burst durations.

	RU factors
	Scenario 1
	Scenario 2a/2b

	
	
	Macro interferes
	Small interferes

	40%
	250 msec
	200 msec
	100 msec

	60%
	400 msec
	300 msec
	150 msec


· If different  is used for Noc() calculation corresponding to the cell type, we can apply these burst durations; otherwise, only burst duration for macro interferes may be applied.

Proposal 2: Two alternatives for occurrence probability of burst duration are proposed.

· Alt. 1: Following the Poisson arrival rate, (burst traffic/sec)

·  = (Resource utilization factor) / (Burst traffic time)

· Example) Resource utilization factor = 20%, Burst traffic time = 200 msec

·  = 0.2 / (200 * 0.001) = 1.0 (burst traffic/sec) 

· To keep the target resource utilization factor, while continuing DL for an interfering cell, new burst traffic is assumed not to start until the current DL will be finished.
· Alt. 2: Following the fixed On/Off pattern

· The fixed On/Off patterns for each interfering cells are defined independently during the simulation time, e.g., 10,000 subframes, corresponding to the target RU factors.

· Typical On/Off patterns are FFS.

Proposal 3: We propose that the number of UEs assigned in the same subframe should be set to 9 UEs, i.e., 6 RBs x 8 UEs, 2 RBs x 1 UE, as the worst case, and MCS/PMI/Rank should be changed randomly every subframe and sub-band.

· The purpose of this proposal is to clarify the robustness of NAICS receivers.

· In order to progress the NAICS work, we could accept the Option A. In this case, however, during this Study Item phase or at least the Work Item phase, in addition to the Phase-2 simulation cases, the test case assuming MCS/PMI/Rank variations and full buffer traffic for the interfering cells, which is basically same as Rel. 11 MMSE-IRC demodulation test cases, should be investigated.

Proposal 4: Both TM3 and TM9 (or TM10) should be investigated in parallel in the NAICS evaluation.

· Both Rank-1 and Rank-2 should be investigated in the Study Item phase.

Proposal 5: Following parameters for OLLA algorithm are proposed.

· Target 10% first transmission BLER

· Step size on CQI (for MCS mapping): 

a. Down 0.225 dB in effective C/I for each NAK

b. Up 0.025 dB in effective C/I for each ACK

	R4-133278
	Views on evaluation methodologies for NAICS Scenario 2a/2b
	NTT DOCOMO


Proposal: Assuming two explicit interferers for the link-level simulation is enough for Scenario 2a/2b evaluation.

View: Although different  is more realistic evaluation than common , defining the parameters for different  seems to spend a lot of time.

· Considering the time restriction of the NAICS work, we can select common  for Noc() calculation.
	R4-133539
	Discussion on interference modeling for LTE NAICS link-level simulations
	Intel Corporation


Proposal 1:
Continue LTE NAICSs link-level studies based on Phase 1 interference modeling methodology. Further discuss the motivation and purposes for the Phase 2 interference modeling methodology.

Proposal 2:
Expand the Phase 1 modeling scenarios, as discussed in Section 3, to provide a more detailed coverage of potential interference scenarios.

Proposal 3:
In case if Phase 2 modeling methodology is considered for further studies, use the following assumptions:

· Interferer MCS and MIMO rank is fixed across the time and frequency domains for the duration of each packet;

· Interferer MCS and MIMO rank statistics is derived directly from the system-level simulations;

· Serving cell MCS and MIMO rank is based on OLLA;

· Wideband PMI is used for both serving and interfering cells;

· Serving cell PMI is based on wideband PMI feedback;

· Interferer cell PMI is random and fixed on a per-packet basis;

· Interference signal FTP packet duration is fixed and derived from the average SE;

· For Scenario 2a/b Macro and Small cell interference characteristics are not differentiated in the link-level studies.

Proposal 4:
For link-level studies, take into account realistic impairments models including the time and frequency difference between useful and interference signals.


The model for propagation time difference between useful and interference signals should be defined with respect to the target UE geometry and Scenario.

	R4-133540
	Inter-cell interference conditions for LTE NAICS scenario 2a/b
	Intel Corporation


Proposal 1:
Prioritize analysis of Scenario #2a/b with 4 Small cells.

Proposal 2:
Use different Macro and Small cell layers RU for non-dominant interferers modeling for Scenario #2a/b. Consider to perform calibration of Macro and Small cell layer resource utilization factors before proceeding with Scenario #2a/b interference conditions calibration.

Proposal 3:
Two dominant interferers are explicitly modeled for Scenario #2a/b.

	R4-133638
	Interference ON/OFF model for NAICS phase-2 link level evaluation
	MediaTek Inc.


Proposal 1: Use constant MCS/RI (optionA) for link level interference modeling.
Proposal 2: Restrict receiver evaluation to per-subframe basis on the link level.

Proposal 3: Use different MCS/RI for different packets.
Proposal 4: Align rank 2 probabilities among companies for loading levels to be investigated. 
Proposal 5: Model conditional MCS distributions as Gaussian and align distribution parameters among companies. 

Proposal 6: Use the same MCS for rank 2 transmissions.
Proposal 7: Use the following interference modeling procedure:
1. Decide subband (or fullband) packet allocation. Repeat the following steps for each packet.

2. Select RI (using probability [0.5935] for 40% loading) based on system level evaluations.

3. Based on the selected rank, use a simplified normal distribution (using mean and standard deviation of [17.3441 and 4.4744] for rank 1 and [14.3964 and 5.784] for rank 2 at 40% loading) to generate the MCS index IMCS. If rank 2, select the same MCS for both layers.

4. For the number of PRB allocated, lookup the Transport Block Size Index (ITBS) for the selected MCS index (IMCS) and the corresponding transport block size in the TBS table (36.213).

5. Packet duration (number of subframe) is derived as Filesize / TBS / rank.
	R4-133641
	Phase-2 simulation details and parameters
	MediaTek Inc.


Proposal 1: For phase-2, there is a need for a reference scheduling behavior based on UE feedback mode/periodicity and OLLA

Proposal 2: We propose to have a reference OLLA algorithm including the following steps:
(1) Set target first transmission BLER as 20%.
(2) Set ∆NACK =1.0 dB.
(3) Set ∆ACK = ∆NACK * 1/( 1/target_BLER - 1).

(4) SNR-offset step in one subframe, ∆t,, is determined according to ACK/NACK feedback for 1st transmission. Follow eq. (2) if RI equals 2. The step size ∆t is set to zero if the ACK/NACK feedback is for retransmitted codeword.

(5) The accumulated SNR-offset value is max( offsetmin, min( offsetmax, [image: image2.png]2 A,



)).

(6) The MCS of serving cell is derived from the sum of the effective SNR corresponding to CQI feedback and the accumulated SNR-offset value[image: image4.png]2 A,



. 

Proposal 3:
Evaluate cases with TM3/4/9/10 for both serving cell and interference cell. Wide-band CQI feedback is assumed.
	R4-133683
	Discussion of interference modelling for intra-cell scenarios
	Huawei, HiSilicon


Observation 1: With sufficient active UEs in a cell, orthogonal PMIs are usually paired for UEs in low antenna correlation case and still there is 20% chance un-orthogonal PMIs to be paired for UEs in high antenna correlation case.

Proposal 1: Considering low complexity intra-cell interference modeling for NAICS SI: 

· The PMI for target UE is based on CSI feedback

· The PMI for paired UE is randomly selected from the PMIs which are sufficiently orthogonal to the target PMI

· ZF algorithm isn’t needed in link level simulation
	R4-134208
	Discussion of interference condition for inter-cell scenarios
	Huawei, HiSilicon


Proposal 1: LLS and SLS are both needed to fully investigate the performance gain of advanced receivers in NAICS SI stage, for the 2-phase LLS evaluation:

· In phase I, the target is mainly to align the implement and performance of advanced receivers among different companies

· In phase II, the target is to investigate the link level performance gain of advanced receive with realistic network assumptions
Proposal 2: Adopting 16QAM1/2 as one of the modulation baseline assumptions for both serving and interference cells in phase-1 evaluation

Proposal 3:

· Interference MCS/RI could be fixed during the transmission of each packet but dynamic changing between packets
· Interference MCS/RI selection is based on the probability distribution from SLS
	R4-133694
	On the Number of explicitly modelled Interferers for NAICS Scenario 2
	BlackBerry UK Limited


Observations for NAICS scenario 2:

1. Resource utilization factors can be substantially higher on the macro cell layer than the small cell layer.

2. The third dominant interferer’s power ([image: image6.png]I5)



 is often within a dB or two of the non-dominant interferers’ power ([image: image8.png]


.

3. The significance of [image: image10.png]


 with respect to [image: image12.png]


 decreases with increasing load.

4. Ideally removing the third dominant interferer can provide substantial SINR gains.

Proposals for NAICS scenario 2:

1. Align resource utilization factors associated with macro cells and small cells when deriving link level interference models. 
2. If full buffer traffic is used to determine 
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statistics and for parameters of link level simulations, use the following equation:
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Where:

The loading factor associated with small cells and macro cells are [image: image16.png].
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 is the power of the interferer if it is always active.
3. Adopt a working assumption that two dominant interferers are used to derive link level interference modelling parameters representative of NAICS scenario 2.  Check to see if the working assumption can be confirmed in RAN4#68bis.

	R4-133765
	Consideration on NAICS link level simulation assumptions
	Samsung


Proposal 1: Prioritized simulation scenarios for Phase 1 alignment:
  (1) Prioritized TMs:

Set 1: TM4 with Cell ID configuration as (0,6,1)

Set 2: TM9 with Cell ID configuration as (0,6,12)

  (2) Prioritized interference profiles:

· Set 1: low geometry for NAICS scenario 1, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%.

· Set 2: low geometry for NAICS scenario 2, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%

· Set 3: high geometry for NAICS scenario 2, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%

(3) Prioritized serving cell signal and interference signal RI/MCS combination:

Case 1):

· Serving Cell: Rank 1 + MCS 5 (QPSK, 1/3) 

· 1st interference: Rank 1 + MCS 5 (QPSK, 1/3)

· 2nd interference: Rank 1 + MCS 5 (QPSK, 1/3)

Case 2):

· Serving Cell: Rank 1 + MCS 5 (QPSK, 1/3) 

· 1st interference: Rank 2 + MCS 5 (QPSK, 1/3)

· 2nd interference: Rank 1 + MCS 5 (QPSK, 1/3)

Case 3):

· Serving Cell: Rank 1 + MCS 14 (16QAM, 1/2) 

· 1st interference: Rank 1 + MCS 5 (QPSK, 1/3)

· 
2nd interference: Rank 1 + MCS 5 (QPSK, 1/3)

Proposal 2: Preference on Phase 2 simulation.

  (1) Introduce a simple dynamic ON/OFF model with limit randomness, e.g. fixed ON period model.

  (2) Introduce timing offset and frequency offset and study the impact to NAICS receiver.

  (3) Cover more TMs if it is interested by operators.

  (4) Don't introduce variable reference channel for both desired signals and interference signals.

	R4-133722
	Further views on interference model for NAICS SI
	Samsung


Proposal 1: Prioritize low geometry case in SCE 1 and low/high geometry case in SCE 2. Prioritize I1/Noc @50%-tile as most typical case. Select one resource utilization level out of 40% (our preference) and 60%. Thus, the interference profiles listed below are prioritized:

· Set 1: low geometry for NAICS scenario 1, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%.

· Set 2: low geometry for NAICS scenario 2, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%

· Set 3: high geometry for NAICS scenario 2, I1/Noc @{50%-tile, @80%-tile}, resource utilization level @40%

Proposal 2: For NAICS scenario 2, 2 interference cell are explicitly modeled.

Proposal 3: For NAICS scenario 2, applied the suggest RU level (40%, 60%) on marco cell, and applied a small RU level (20%, 30%) on small cell.

Proposal 4: Introduce a simple dynamic ON/OFF model with limit randomness, e.g. fixed ON period model.

	R4-133926
	Interference level for NAICS scenario 1
	LG Electronics


	R4-133977
	Link modelling of finite buffer interference traffic for NAICS
	Renesas Mobile Europe Ltd


Proposal 1: Packet size is fixed e.g. 0.5 Mbytes. 

Proposal 2: Packet is assumed to be transmitted from the eNodeB transmission buffer assuming a fixed spectral efficiency, e.g. 2 bps per Hz. In other words, the duration of the active transmission for each packet is fixed corresponding to the predefined RU.

Proposal 3: The simulated MCS in the interfering cell is fixed and it does not impact the download time of a packet.

	R4-134152
	Interference profiles from system simulations and views on phase 2 evaluations
	Nokia Corporation, NSN


Proposal 1: No HARQ modelling for interferers in RAN4 simulations.

Proposal 2: Random selection of MCS/RI of interferers for every new FTP packet, which is then fixed for the duration of the FTP packet itself. Simulations should include several FTP packets in order to ensure statistics include the effect of random MCS/RI selection for the interferers.

Proposal 3: Interfering cell transmission modes to be defined as a subset of those agreed for phase 1 evaluations, with highest priority cases depending on the outcome of phase 1 evaluations. 

	R4-134185
	System Level Simulation Results on Geometry and Interference Levels for NAICS Scenario 2
	Qualcomm Incorporated


Proposal 1: Evaluate NAICS performance for low SINR UEs with higher priority followed by 40th – 60th percentile UEs and 75th – 95th percentile UEs in the SI phase.

Proposal 2: Modeling 2 interferers explicitly is sufficient for NAICS Scenario 2a/b given the substantial weakness of the third interferer.

	R4-134189
	Link Level Interference Modeling for NAICS Performance Evaluations
	Qualcomm Incorporated


Proposal 1: We propose to use a single loading level across all the cells for simplicity of modelling and decoupling link level and system level evaluations. 

· Option 1: Use RAN1 recommended RU level across all cells (macro and pico) and scale Noc using this value.

· Option 2: Treat the RU level as the loading for the most loaded layer, and calculate a single average effective loading across all cells (macro and pico) using system level simulations. Use this value to scale Noc in NAICS scenario 2a/b.

Proposal 2: Propose to model two interferers for Scenario 2a/b

Proposal 3: TDM On/Off Model
· Step 1: Traffic is modeled as a series of file transfers as recommended by RAN1. Poisson arrival model is used for a realistic representation of burst arrival time. 
·     A fixed file size (S) is assumed for all simulated users. We propose a file size of S = 0.5 MB. Given a file size, burst sizes are calculated from the dynamically chosen MCS/RI.
·  
For simplicity, serving cell is assumed to be ON throughout the simulation.

· Step 2: Convert each transfer into one burst of interference (start/end time, MCS, rank) is chosen randomly for every burst and fixed a constant across the burst for the entire system bandwidth.
·  For each burst, the transmission rank of interferers for TM3/4 is chosen randomly with 20/80 probability split of rank 2/1; 30/70 probability split of rank 2/1 for TM9 as in R-11 performance evaluations. The actual transmission rank is a Bernoulli trial based on this probability for each file transfer.

·  The interferer MCS as viewed by the UE is a random variable. In modeling this random variable, the deployment geometry needs to be captured. 

· We propose that the Download rate (DL_rate) for each file transfer is randomly generated based on a uniform distribution between rate_min and rate_max in Mbps, where rate_min and rate_max could be 5% and 95% of perceived throughput for UEs under full buffer simulations.

· Given the recent calibration of geometries across companies, rate_min and rate_max calibration is further simplified.

·  MCS: Transport Block Size (TBS) is calculated as DL_rate/1000/Number of Code Words. Quantize the TBS to the next higher TBS from the ITBS table based on PRB_alloc. MCS is then calculated based on the quantized TBS and capped to MCSmax.

·  Number of allocated PRBs (PRB_alloc) is proposed to be full band in the study item phase for the ease of performance evaluation.  For actual performance tests, partial allocation should be considered.

·  Number of SF for the download (Num_SF) is then calculated as FileSize/(QuantizedTBS x Number of Code Words)

Proposal 4: Define test cases in the WI phase to ensure that NAICS capable UEs are tested for variations in MCS/RI at a per-subframe, per-subband level granularity.
Proposal 5: Simulation scenarios for Phase 1 Alignment

· i) Case 1: 

Serving cell: TM4 Rank 1

Interferer1: TM4 Rank1 

Interferer 2: TM4 Rank1

· MCS configuration1: {MCS5, MCS5, MCS5} for the three cells
· MCS configuration2: {MCS5, MCS25, MCS25} 

· MCS configuration3: {MCS14, MCS5, MCS5}

· MCS configuration4: {MCS14, MCS25, MCS25} 

· ii) Case 2: 

Serving cell: TM2

Interferer1: TM3 Rank2

Interferer 2: TM2

· MCS configuration1: {MCS5, MCS5, MCS5} for the three cells
· MCS configuration2: {MCS5, MCS25, MCS25} 

· MCS configuration3: {MCS14, MCS5, MCS5}

· MCS configuration4: {MCS14, MCS25, MCS25} 

· iii) Case 3: 

Serving cell: TM9 Rank 1

Interferer1: TM9 Rank1 

Interferer 2: TM9 Rank1

· MCS configuration1: {MCS5, MCS5, MCS5} for the three cells
· MCS configuration2: {MCS5, MCS25, MCS25} 

· MCS configuration3: {MCS14, MCS5, MCS5}

· MCS configuration4: {MCS14, MCS25, MCS25} 

Proposal 6: Simulation scenarios for Phase 2 of NAICS evaluations using the model in Proposal 2.

i) TM4 rank 1 serving cell w/ wideband CQI + OLLA

· Intf1: TM4 per-burst rank + MCS 

· Intf2: TM4 per-burst rank + MCS

ii) TM2 rank 1 serving cell w/ wideband CQI + OLLA

· Intf1: TM3 per-burst rank + MCS 

· Intf2: TM3 per-burst rank + MCS

iii) TM9 rank 1 serving cell w/ wideband CQI + OLLA

· Intf1: TM9 per-burst rank + MCS

· Intf2: TM9 per-burst rank + MCS

	R4-133848
	Discussion on open points for interference modeling
	Ericsson, ST-Ericsson


Proposal 1:  Before starting phase II, when gains are used in order to define network assistance needs, system level simulations are needed in order to define proper statistics in terms of MCS and rank. According to the system level simulation results, approximations can be considered in order to simplify the set up (i.e. 2 or three MCS can be selected which can be applied during the burst duration according to the statistic).

3 NAICS IS/IC receivers and simulations
	R4-133542
	Phase 1 link-level analysis of candidate IS/IC receivers
	Intel Corporation



Based on the analysis of the simulations results we make the following observations on the comparative performance of different receiver structures:

· Enhanced IS/IC receivers (E-LMMSE-IRC, ML, SL-IC, L-CW-IC) outperform the LMMSE-IRC receivers in all considered scenarios.

· The ML receivers outperform SL-IC receivers for all considered scenarios.

· Due to exploiting the CTC decoder capabilities the codeword level IC receivers (L-CW-IC) outperform symbol level IS/IC receivers (i.e. ML and SL-IC) in the majority of scenarios. The exact performance difference depends on the interference scenarios (INRs, interference MCSs).

· With respect to average performance gains the considered IS/IC receivers may be sorted in ascending order as follows: LMMSE-IRC ≤ E-LMMSE-IRC ≤ SL-IC ≤ ML ≤ L-CW-IC.

With respect to the impact of different interference environment aspects we make the following observations:

· The performance gains are more noticeable in scenarios with high interference power and robust interference MCS levels.

· The performance of different IS/IC receivers significantly depends on the interference signal strength. The largest performance gains are observed for the 80 percentile I1/Noc (i.e. in case of strong dominant interferer)

· The performance of different IS/IC receivers significantly depends on the assumed interference signal MCS (modulation and code rate) 

· The largest performance gains are observed when interference signal is using QPSK modulation. 

· The suppression/cancellation of the QAM16 and QAM64 based interference signal may be difficult in scenarios with low INR.

	R4-133643
	Phase-1 evaluation results of NAICS receivers
	MediaTek


Observation 1: For low SINRs under fixed (ON, OFF) pattern, R-ML can outperform LMMSE-IRC receiver by 2.5, 6, and 11dB at 20/50/80%-tile points of I1/Noc respectively (MCS=5 and 40% loading). The gain is slightly reduced under 60% loading. In general, the gain increases as I1/Noc increases. 
Observation 2: For high SINRs under fixed (ON, OFF) pattern, R-ML can outperform LMMSE-IRC receiver by 0.7, 2, and 3dB at 20/50/80%-tile points of I1/Noc respectively (MCS=25 and 40% loading). The gain is slightly reduced under 60% loading. In general, the gain also increases as I1/Noc increases, same as observed for low SINRs. 

Based on the observations, we propose:

Proposal 1: R-ML receiver should be further studied in both link and system level because of its sizable gain over LMMSE-IRC. 
	R4-133646
	Evaluation results for advanced receivers under SU-MIMO
	MediaTek


In this paper, we evaluate the performance gain of R-ML over MMSE-IRC with an adaptive MCS based on UE’s MCS/RI feedback (mode 1-1). For both TM4 and TM9, we observed:

· Very similar observations on TM4 and TM9. 

· R-ML performance gain over LMMSE depends on SINR.

· Similar performance below 17dB.

· Gain increases as SINR increase (~3dB @ 25dB with OLLA off)

· Smaller gain from OLLA OFF to ON (e.g., ~2dB @ 25dB with OLLA on)

	R4-133677
	Discussion of SL-SIC and ML receiver
	Huawei, HiSilicon


This contribution provides the evaluation results of R-ML/SLIC receivers to cancel inter-cell interference and make the following observations: 

Observation 1: Compared with LMMSE-IRC, R-ML and SLIC receiver could achieve significant performance gain, which depends on the interference level and modulation order of interference cells.

Observation 2: To capture sufficient performance gain of advanced receiver, it is necessary to enhance the channel estimation of serving and interference cells.  DMRS-IC and orthogonal-DMRS are effective schemes to enhance the channel estimation.

	R4-133681
	Discussion of Advanced receiver for single cell SU-MIMO
	Huawei, HiSilicon


Observation 1: Compared with MMSE receiver, R-ML receiver could achieve significant performance gain in cancelling inter-layer interference, and the higher the antenna correlation, the larger the performance gain. The gain ranges from 0.5dB for low correlation, 2.0~2.5dB for medium correlation, and more than 4dB for high correlation.

Observation 2: Compared with L-CWIC receiver, R-ML would capture lager performance gain with medium/high correlation antenna.

Proposal 1: Consider R-ML receiver as one candidate receiver to handle inter-layer interference especially for medium/high antenna correlations 

	R4-133689
	Reference IS/IC Receivers and Link Level Evaluation
	BlackBerry UK Ltd


Based on our initial simulation results, we have the following observations and a proposal:

Observation 1: ML receivers can provide significant performance gain over SL-SIC and eLMMSE-IRC receivers only when both desired signal and interfering signals have lower order modulation (such as QPSK).

Observation 2: SL-SIC and eLMMSE-IRC receivers perform slightly better than baseline LMMSE-IRC receiver in channels with low delay spread (such as EPA), but perform significantly better in frequency selective channels (such as ETU).

Observation 3: More substantial gain of SL-SIC and eLMMSE-IRC receivers over baseline LMMSE-IRC receiver has been observed in 4x4 case compared with 2x2 case.

Proposal 1:  A heavier multipath channel (perhaps ETU) might be used in addition to, or in place of, EPA in phase 1 or later simulations.

	R4-133763
	Simulation results for intra-cell interference IC under SU-MIMO interference
	Ericsson, ST-Ericsson


We conclude that further advanced receiver based on IC (without the need for network assistance) can provide 2-3dB gains when applied to SU-MIMO scenarios, i.e. when the goal is to cancel the inter stream intra cell interference.

We propose to capture this conclusion in the TR. Document [2] provides a TP. 

	R4-133875
	Link level simulation results for Phase 1 alignment
	Samsung


In this contribution, we provided Phase 1 link level simulation results. NAICS receivers are evaluated under the 4 agreed interference profile during RAN4 Email discussion, i.e. INR1 = (7.68dB, 2.16dB), INR2= (6.69dB, 5.03dB), INR3 =  (13.83dB, 3.31dB), INR4 = (17.42dB, 16.10dB). Performance gain of NAICS receivers are shown as below.

Table 5: Average Performance Gain of NAICS receiver over MMSE-IRC under all interference profiles
	Average Performance Gain of NAICS receiver over MMSE-IRC
	SLML

(dB)
	SLML2Cell

(dB)
	CWIC

(dB)
	SLIC

(dB)

	Case 1:

Serving Cell: Rank 1 + MCS 5

1st, 2nd interferer: Rank 1 + MCS 5, Rank 1 + MCS 5
	3.5 
	4.3 
	4.0 
	3.2 

	Case 2:

Serving Cell: Rank 1 + MCS 5

1st, 2nd interferer: Rank 1 + MCS 5, Rank 2 + MCS 5
	1.8 
	2.3 
	2.8 
	1.1 

	Case 3:

Serving Cell: Rank 1 + MCS 14

1st, 2nd interferer: Rank 1 + MCS 5, Rank 1 + MCS 5
	2.9 
	3.2 
	3.5 
	0.8 

	Average gain over 3 cases
	2.8
	3.3
	3.4
	1.7


Based on the simulation results, our observations are:

· Observation 1: Compared with MMSE-IRC receiver, NAICS receiver provides 1.7dB to 3.4dB in terms of averaged gain over the simulated interference profiles and cases. Especially, for case 1, NAICS receiver provide 3.2dB to 4.3dB over MMSE-IRC receiver. Overall, it is concluded that NAICS receiver provide attractive performance gain compared with Rel-11 IRC receiver.

· Observation 2: Among NAICS receivers, overall CWIC provides best performance gain. Compared with SLIC, CWIC provide 1.7dB performance gain in terms of averaged gain over the simulated interference profiles and cases. Thus, it is worth to include CWIC receiver despite of the higher implementation complexity. 

· Observation 3: For SLML2cell receiver, it provides limited performance gain (0.5dB) compared with SLML receiver. Considering almost 2 times computational complexity, it is recommended to only handle one interference cell in later NAICS study.

	R4-133930
	Link level performance of Phase I for NAICS receivers
	LG Electronics


In this contribution, we provide link level simulation results for Phase I of NAICS scenario 1. 

	R4-133975
	Link and system level performance of widely linear MMSE receiver
	Renesas Mobile Europe Ltd


In this paper, we have studied the WLMMSE receiver performance at link and system level. At the link level, WLMMSE receiver can achieve similar or better performance than the SIC or ML receiver depending on the modulation level. Relatively simple coordination of modulation format is required by the WLMMSE receiver to achieve this while the UE implementation complexity is lower compared to other non-linear receivers. The benefits of modulation coordination and WLMMSE utilization have been shown by improved system level performance. Indeed, better coverage can be obtained compared to existing CoMP techniques, while the coordination mechanism does not require any significant changes with respect to the current Release 11 specification as the feedback mechanism can be reutilized.
	R4-134156
	NAICS SU-MIMO Observations and Link-Level Results
	Nokia Corporation, NSN


Proposal 1: SIC receiver should be investigated for performance enhancement of SU-MIMO, in presence of AWGN interference.

Proposal 2: SIC receiver should be investigated for performance enhancement of Rel-11 Advanced Receivers in Rank-2 transmissions.

Proposal 3: Same inter-cell interference scenario as in Rel-11 advanced receivers [3] (§8.2.1.4.1B) should be used for NAICS SU-MIMO, for comparison purposes.

	R4-134159
	NAICS inter-cell SIC Observations and Link-Level Results
	Nokia Corporation, NSN


Proposal 1: Inter-cell SIC receiver should be further investigated for performance enhancement of Rel-11 Advanced Receivers.

Proposal 2: Inter-cell SIC receiver should be investigated when interfering stream is not strongly encoded (compared to the main stream).
	R4-134162
	NAICS Enhanced LMMSE-IRC (E-LMMSE-IRC) Observations and Link-Level Results
	Nokia Corporation, NSN


Proposal 1: E-LMMSE-IRC receiver should be investigated for performance enhancement of Rel-11 Advanced Receivers, and in Scenarios with 2 or more interfering cells.

	R4-134209
	Performance Evaluation for Intra-cell NAICS in SU-MIMO Scenario
	Broadcom Corporation


	R4-133279
	Simulation results of E-LMMSE-IRC receiver for inter-cell interference
	NTT DOCOMO


Observation 1: The E-LMMSE-IRC receiver highly depends on the channel estimation accuracy for the interfering cell.

Observation 2: When assuming TM3 and CRS colliding case, the E-LMMSE-IRC with CRS-IC can provide approximately 0.3~1.0 dB gain compared to Rel. 11 MMSE-IRC receiver in the low geometry case. 

Observation 3: When assuming TM9, the E-LMMSE-IRC with DMRS-IC can provide approximately 0.2~0.8 dB gain compared to Rel. 11 MMSE-IRC receiver in the low geometry case.

Observation 4: In the medium geometry case, the performance of the E-LMMSE-IRC receiver without CRS-IC/DMRS-IC degrades compared to that of Rel. 11 MMSE-IRC receiver.

Furthermore, we discussed the issues on E-LMMSE-IRC receiver and our views were described as follows.

Issue 1: The E-LMMSE-IRC receiver is effective only in the CRS colliding case when assuming CRS-based transmission modes.

Issue 2: It seems to be challenging to accurately measure the interference plus noise power except for the dominant interfering cell in the CRS non-colliding case when assuming CRS-based transmission modes.

View: We can deprioritize the E-LMMSE-IRC receiver in the NAICS works since this receiver seems to be effective only for DMRS-based transmission modes.

	R4-133301
	E-MMSE-IRC receiver in NAICS
	ZTE


Observation: DM-RS based E-MMSE-IRC receiver can provide about 1dB gain over Rel-11 MMSE-IRC receiver in low I/Noc scenarios and 2-3dB gain over Rel-11 MMSE-IRC receiver in high I/Noc scenarios.
	R4-133670
	Discussion of enhanced MMSE-IRC receiver based on DMRS transmission
	Huawei, HiSilicon


Observation 1: The E-LMMSE-IRC could achieve significant throughput gain over LMMSE-IRC with DMRS based   transmission, especially for highly frequency selective channels

Proposal 1: Prioritize E-LMMSE-IRC receiver as the baseline advanced receiver to handle inter-cell interference and inform RAN1 to further research it in NAICS SI stage 3

	R4-133280
	Simulation results of SLIC receiver for inter-cell interference
	NTT DOCOMO


Observation 1: The throughput performance of the SLIC receiver highly depends on the I1/Noc and MCS for the interfering cells.

· When assuming low geometry, MCS 5 for the serving cell, high I1/Noc, and low MCS for the interfering cells case, the SLIC receiver can provide 1.5 dB throughput gain for TM3 and 2.0~3.0 dB throughput gain for TM9 compared to Rel. 11 MMSE-IRC receiver.

· When assuming low geometry, MCS 5 for the serving cell, low I1/Noc, and high MCS for the interference cells case, the gain of the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver degrades, i.e., at most 1.0 dB throughput gain for TM3 and 0.5 dB throughput gain for TM9 are achieved.

· However, there is no serious degradation with regard to the throughput performance of the SLIC receiver compared to that of the Rel. 11 MMSE-IRC receiver.

	R4-133281
	Simulation results of SLIC receiver for intra-cell SU-MIMO interference
	NTT DOCOMO


Observation1: The throughput performance for the non-iterative SLIC is almost the same as that of the Rel. 8 MMSE receiver in Case 1.

Observation2: The throughput performance for the non-iterative SLIC is slight better than that of the Rel. 11 MMSE-IRC receiver in Case 2.

Observation3: The SLIC receiver does not have a reasonable gain compared to the reference receivers in both Case 1 and Case 2. 

· Regarding the intra-cell SU-MIMO interference mitigation, it seems to be better that more complex receivers, e.g., L-CWIC, ML-CWIC, and R-ML, should be investigated.

	R4-133303
	SLIC receiver in NAICS
	ZTE


Observation: SLIC provides significant gains when there is a dominant interference. However, the gains decrease while the SIR level decline.

	R4-133673
	Discussion of Turbo-SIC receiver
	Huawei, HiSilicon


Observation 1: L-CWIC receiver could achieve throughput gain over E-LMMSE-IRC receiver. The performance gain highly depends on the decoding performance of interference signal:

· With low interference level and high interference modulation order,  the L-CWIC could only achieve similar performance to E-LMMSE-IRC

· With high interference level and low interference modulation order, the L-CWIC could achieve significant performance gain over E-LMMSE-IRC
	R4-133980
	Link level performance of CW level SIC with finite buffer traffic
	Renesas Mobile Europe Ltd


In this paper, we have first demonstrated the performance gains of linear codeword level SIC receivers in SU-MIMO case. Secondly, it has been shown that the L-CWIC receiver can outperform ML receiver in the inter-cell interference mitigation case at least if low modulation order is scheduled in the interfering cell. The performance gain of the ML receiver is limited over the baseline IRC receiver. 
	R4-134179
	SLIC Receiver Performance for Phase 1 of NAICS Link Level Evaluations
	QUALCOMM Incorporated


	R4-134183
	Performance of R-ML receivers for NAICS Link Level Evaluations
	QUALCOMM Incorporated


	R4-134223
	Performance Evaluation of Iterative ML decoder for MU-MIMO Intra-cell Scenario under NAICS
	Broadcom Corporation


Conclusion on NAICS receiver and evaluation:
· Try to agree in RAN#68 on identified receiver types in RAN4 and their gain observed so far. Try to reach RAN4 consensus on an LS to RAN1 for the purpose of developing system level modelling methods.
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