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1. Phase 2 interference modeling (30 min)
Related contribution list:
	10.4.2
	R4-134650
	Discussion
	System level simulations results on MCS and RI probability depending on the conditions for the finalization of the phase II setting.
	Ericsson

	10.4.2
	R4-134830
	Discussion
	Considerations on open issues of Phase 2 interference model
	Samsung

	10.4.2
	R4-134929
	Discussion
	Remaining details of Phase 2 interference modeling methodology
	Intel Corporation

	10.4.2
	R4-134976
	Discussion
	Discussion of interference modelling for Phase II link level evaluation
	Huawei, HiSilicon

	10.4.2
	R4-135094
	Discussion
	Details of phase-2 interference modeling
	MediaTek Inc.

	10.4.2
	R4-135144
	Discussion
	Remaining issues on NAICS Phase-2 evaluation
	NTT DOCOMO

	10.4.2
	R4-135482
	Discussion
	Further discussion on ON/OFF interference modeling for NAICS
	Renesas Mobile Europe Ltd


Summary:

· Ericsson (R4-134650)

· MCS/RI distributions, packet duration statistics for Scenario 1 & 2 and 40% & 60% RU
· Scenario 1 

· Average packet duration D = 530ms for 40% RU and 970ms  for 60% RU.



  Table 1: MCS statistics for Scenario 1.

	MCS centroid
	Probability @RI=1 RU=40%
	MCS centroid
	Probability @RI=2 RU=40%
	MCS centroid
	Probability @RI=1 RU=60%
	MCS centroid
	Probability @RI=2 RU=60%

	MCS8
	0.36
	MCS5
	0.18
	MCS8
	0.37
	MCS5
	0.15

	MCS17
	0.48
	MCS14
	0.43
	MCS17
	0.47
	MCS14
	0.45

	MCS22
	0.16
	MCS19
	0.39
	MCS22
	0.16
	MCS19
	0.40





  Table 2: RI statistics

	RU
	Probability of RI=1

	40
	62%

	60
	70%


· Scenario 2 

· Mean packet duration D for Scenario 2 is 460ms for macro cell and 310ms for small cell for 40% RU and 690ms for macro cell and 370ms for small cells for 60% RU. The combined average packet duration is 350ms for RU=40% and 450ms for RU=60%..




  Table 3: Per packet MCS statistics

	MCS centroid
	Probability @RI=1 RU=40%
	MCS centroid
	Probability @RI=2 RU=40%
	MCS centroid
	Probability @RI=1 RU=60%
	MCS centroid
	Probability @RI=2 RU=60%

	MCS8
	0.39
	MCS5
	0.14
	MCS8
	0.34
	MCS5
	0.12

	MCS17
	0.47
	MCS14
	0.36
	MCS17
	0.48
	MCS14
	0.37

	MCS22
	0.14
	MCS19
	0.50
	MCS22
	0.18
	MCS19
	0.51






  Table 4: RI statistics

	RU
	Probability of RI=1

	40
	0.51

	60
	0.57


· Samsung (R4-134830)

· Proposal 1: The packet interval (decided by Poisson process) is the sum of packet duration period (decided by packet size, MCS and RI) and idle period. Furthermore, if the newly arriving packet arrive earlier before the old packet transmission is finished, it will be queued in the buffer until the old packet transmission is finished.

· Proposal 2: RI and MCS distribution for Phase 2 are proposed to set as below:

· RI=1: MCS [5] ([30]% prob), MCS[14] ([20]%), MCS[21] ([10]%)

· RI=2: MCS [5] ([20]% prob), MCS[14] ([10]%), MCS[21] ([10]%)

· Proposal 3: On top of traditional performance metric, e.g. average throughput gain, consider to introduce the additional performance metric, i.e. UPT in Phase 2 evaluation.

· Observation: It is difficult to comprehensively reflect the performance gain of NAICS receiver under dynamic realistic interference environments from link level evaluation, due to the limitation of link level evaluation itself. The performance gain of NAICS receiver is likely to be under-estimated in Phase 2 evaluation.

· Intel (R4-134929)

· Observation 1: The MCS and MIMO rank selection statistics is different for LTE NAICS Scenario 1 and 2a/b and also depends on the considered resource utilization.

· Observation 2: For the LTE NAICS Scenario #2a/b the MCS and MIMO rank selection statistics for Macro and Small cells is different.

· Observation 3: For the LTE NAICS Scenario #2a/b the probability that the dominant interferer is Macro or Small cell is not aligned with the general geographical cell type probability.

· Proposal 1: Use MCS and MIMO rank distribution statistics in accordance to the Table 1 for the Phase 2 link-level studies. Use different values for LTE NAICS Scenarios 1 and 2, and for different resource utilization values.
	Scenario
	Loading
	Cell type
	MIMO rank 1
	MIMO rank 2

	
	
	
	Probability
	MCS
	Probability
	MCS

	Scenario #1
	40%
	Macro cell
	54 %
	MCS {7} – 10 %

MCS {13} – 22 %

MCS {22} – 22 %
	46 %
	MCS {8,8} – 1 %

MCS {14,14} – 10 %

MCS {24,24} – 35 %

	
	60%
	Macro cell
	64 %
	MCS {7} – 13 %

MCS {13} – 27 %

MCS {22} – 24 %
	36 %
	MCS {7,7} – 1 %

MCS {14,14} – 9 %

MCS {23,23} – 26 %

	Scenario #2a/b
(4 Small cells)
	40%
	Macro cell
	44 %
	MCS {7} – 6 %

MCS {13} – 19 %

MCS {22} – 19 %
	56 %
	MCS {8,8} – 1 %

MCS {14,14} – 9 %

MCS {24,24} – 46 %

	
	
	Small cell
	16 %
	MCS {8} – 2 %

MCS {14} – 7 %

MCS {21} – 7 %
	84 %
	MCS {8,8} – 1 %

MCS {14,14} – 9 %

MCS {25,25} – 74 %

	
	60%
	Macro cell
	57 %
	MCS {7} – 9 %

MCS {13} – 24 %

MCS {22} – 24 %
	43 %
	MCS {8,8} – 1 %

MCS {14,14} – 9 %

MCS {23,23} – 33 %

	
	
	Small cell
	22 %
	MCS {7} – 3 %

MCS {14} – 10 %

MCS {21} – 9 %
	78 %
	MCS {8,8} – 1 %

MCS {14,14} – 11 %

MCS {24,24} – 66 %


· Proposal 2: The average packet duration is derived based on the agreed MIMO rank and MCS distribution values assuming the 0.5Mbytes file size.

· Proposal 3: For the LTE NAICS Scenario #2a/b Phase 2 link-level studies explicitly model the Macro and Small cell dominant interferer type with respect to the MIMO rank, MCS selection and packet duration statistics.

· Proposal 4: FIFO FTP scheduler is assumed for Phase 2 link-level studies.

· Proposal 5: Wideband PMI is used for both serving and interfering cells. Serving cell PMI is based on wideband PMI feedback. Interferer cell PMI is random on a per-subframe basis.

· Proposal 6: For Phase 2 modeling use the following link-adaptation assumptions:

· The CQI calculation is based on the LMSME-IRC receiver.

· OLLA algorithm is used: 

· The OLLA criterion is 10 % initial transmission BLER. 

· ∆NACK =1.0 dB and ∆ACK = ∆NACK * 1/( 1/target_BLER – 1).

· OLLA offset range is not limited.

· No RI adaption is used.

· Huawei, HiSilicon (R4-134976)

· Proposal 1: Based on the ON/OFF modelling, the following values are suggested to be adopted for scenarios 1 with 40% loading:

· RI=1/2 is randomly chosen according to 50%/50% probability

· MCS varies from packet to packet 

· MCS randomly selected from three MCS levels defined below 

· RI=2: MCS 8 (10%), MCS14 (40%), MCS22 (50%)

· RI=1: MCS 8 (10%), MCS14 (35%), MCS22 (55%)

· Proposal 2: Confirm the 250ms mean packet transmission duration for scenario 1 with 40% RU and 0.5MB packet size

· MediaTek (R4-135094)

· Using λ=RU/D to derive the arrival rate will cause a potential problem in case if D is derived from system-level analysis rather than from used RI and MCS distributions
· Proposal 1: Firstly, determine RI=1/2 randomly according to 50:50 probability.

· Proposal 2: Secondly, MCS, which varies from packet to packet, is randomly selected from the three MCS levels defined below (for 40% loading): 

· RI=2: MCS 8 (38% prob), MCS 16 (37%), MCS22 (25%)

· RI=1: MCS 8 (31% prob), MCS16 (41%), MCS22 (28%)

· Proposal 3: Use the same MCS for both streams for rank 2 transmissions.

· Proposal 4: Thirdly, derive interference packet arrival rates from the packet size and the MCS and RI distributions.

· Proposal 5: Finally, determine interference ON duration as 0.5 Mbytes / TBS / rank for each packet where the transport block size (TBS) corresponds to the chosen MCS. Determine the OFF duration as the inter-arrival time (determined from the arrival rate) minus the ON duration.

· NTT DOCOMO (R4-135144)

· Proposal 1: We propose the following fixed burst durations.

	RU factors
	Scenario 1
	Scenario 2a/2b (Macro interferes)

	40%
	250 msec
	200 msec

	60%
	-
	300 msec


· Proposal 2: Detail of TDM On/Off pattern with regard to new packet arrival is proposed. 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.

· Proposal 3: We propose the following Rank-1/Rank-2 probabilities.

	RU factors
	Scenario 1
	Scenario 2a/2b (Macro interferes)

	40%
	80% / 20%
	65% / 35%

	60%
	-
	80% / 20%


· Proposal 4: We propose the following MCS variations and probabilities from packet to packet.

· Scenario 1

· RI=2: MCS 10 (40% prob), MCS 17 (30%), MCS 24 (30%)

· RI=1: MCS 6 (35% prob), MCS 13 (35%), MCS 20 (30%)

· Scenario 2a/2b, RU = 40%, 60%

· RI=2: MCS 11 (35% prob), MCS 18 (30%), MCS 25 (35%)

· RI=1: MCS 7 (30% prob), MCS 14 (30%), MCS 21 (40%)
· Renesas (R4-135482)

· Proposal 1: Using the proposed 4-step method to derive the parameters for interference modelling in link level simulation.

· Proposal 2: Using results presented in Table 1 for interference modelling in Scenario 1.
	
	Transmission_ON probability, 
Pr_TxOn(i)
	Median MCS,

MCS(i)
	Data Rate (Mbps)
	Transmission_ON time per packet, t(i), (ms)
	Probability of packet using MCS(i), Pr_packet(i)
	index (i)

	64QAM Rank2
	10%
	MCS_25
	56.672
	80
	28.17%
	1

	64QAM Rank1
	7%
	MCS_23
	25.456
	179
	8.86%
	2

	16QAM Rank2
	19%
	MCS_16
	30.528
	149
	28.83%
	3

	16QAM Rank1
	35%
	MCS_15
	14.112
	323
	24.55%
	4

	QPSK Rank2
	6%
	MCS_7
	12.4
	368
	3.70%
	5

	QPSK Rank1
	23%
	MCS_6
	5.16
	884
	5.90%
	6


· Proposal 3: No modelling of HARQ operation for the interferers in the link level simulation.

· Proposal 4: For scenario 2a/2b, there is no differentiation on the type of interfering nodes for modelling.
· Summary of MCS/RI statistics across the companies
Probability of RI = 1

	Company
	Scenario 1, 40% RU
	Scenario 1, 60% RU
	Scenario 2a/b, 40% RU
	Scenario 2a/b, 60% RU

	Ericsson
	62%
	70%
	51%
	57%

	Samsung
	60%
	65%
	
	

	Intel
	54%
	64%
	Macro cell 44 %

Small cell 16 %
	Macro cell 57 %

Small cell 22 %

	Huawei
	50%
	55%
	
	

	MediaTek
	50%
	
	
	

	NTT DOCOMO
	80%
	
	65%
	80%

	Renesas
	65%
	
	
	

	Average
	60
	64
	44
	54


MCS distribution

	Company
	Scenario 1, 40% RU
	Scenario 1, 60% RU
	Scenario 2a/b, 40% RU
	Scenario 2a/b, 60% RU

	Ericsson1
	RI=1: MCS 8 (36%), MCS 17 (48%), MCS 22 (16%)
RI=2: MCS 5 (18%), MCS 14 (43%), MCS 19 (39%)
	RI=1: MCS 8 (37%), MCS 17 (47%), MCS 22 (16%)
RI=2: MCS 5 (15%), MCS 14 (45%), MCS 19 (40%)
	RI=1: MCS 8 (39%), MCS 17 (47%), MCS 22 (14%)
RI=2: MCS 5 (14%), MCS 14 (36%), MCS 19 (50%)
	RI=1: MCS 8 (34%), MCS 17 (48%), MCS 22 (18%)
RI=2: MCS 5 (12%), MCS 14 (37%), MCS 19 (51%)

	Samsung2
	RI=1: MCS 5 (30%), MCS 14 (20%), MCS 21 (10%)
RI=2: MCS 5 (20%), MCS 14 (10%), MCS 21 (10%)
	
	
	

	Intel2
	RI=1: MCS 7 (10%), MCS 13 (22%), MCS 22 (22%)
RI=2: MCS 8 (1%), MCS 14 (10%), MCS 24 (35%)
	RI=1: MCS 7 (13%), MCS 13 (27%), MCS 24 (22%)
RI=2: MCS 7 (1%), MCS 14 (9%), MCS 23 (26%)
	Macro cell 
RI=1: MCS 7 (6%), MCS 13 (19%), MCS 22 (19%)
RI=2: MCS 8 (1%), MCS 14 (9%), MCS 24 (46%)
Small cell 
RI=1: MCS 8 (2%), MCS 14 (7%), MCS 21 (7%)
RI=2: MCS 8 (1%), MCS 14 (9%), MCS 25 (74%)
	Macro cell 
RI=1: MCS 7 (9%), MCS 13 (24%), MCS 22 (24%)
RI=2: MCS 8 (1%), MCS 14 (9%), MCS 23 (33%)
Small cell 
RI=1: MCS 7 (3%), MCS 14 (10%), MCS 21 (9%)
RI=2: MCS 8 (1%), MCS 14 (11%), MCS 24 (66%)

	Huawei1
	RI=1: MCS 8 (10%), MCS 14 (35%), MCS 22 (55%)
RI=2: MCS 8 (10%), MCS 14 (40%), MCS 22 (50%)
	RI=1: MCS 8 (14%), MCS 14 (36%), MCS 22 (50%)
RI=2: MCS 8 (16%), MCS 14 (45%), MCS 22 (39%)
	
	

	MediaTek1
	RI=1: MCS 8 (31%), MCS 16 (41%), MCS 22 (28%)
RI=2: MCS 8 (38%), MCS 16 (37%), MCS 22 (25%)
	
	
	

	NTT DOCOMO1
	RI=1: MCS 6 (35%), MCS 13 (35%), MCS 20 (30%)
RI=2: MCS 6 (35%), MCS 13 (35%), MCS 20 (30%)
	
	RI=1: MCS 7 (30%), MCS 14 (30%), MCS 21 (40%)
RI=2: MCS 11 (35%), MCS 18 (30%), MCS 25 (35%)
	RI=1: MCS 7 (30%), MCS 14 (30%), MCS 21 (40%)
RI=2: MCS 11 (35%), MCS 18 (30%), MCS 25 (35%)

	Renesas2
	RI=1: MCS 6 (5.9%), MCS 15 (24.55%), MCS 23 (8.86%)
RI=2: MCS 7 (3.7%), MCS 16 (28.83%), MCS 25 (28.17%)
	
	
	

	Average
	RI=1: MCS 7, MCS 15, MCS 22

RI=2: MCS 7, MCS 14, MCS 22 
	RI=1: MCS 8, MCS 15, MCS 23
RI=2: MCS 7, MCS 14, MCS 21
	
	


Notes: 

· For RI = 2, same MCS per both codewords is assumed by all companies.

· 1 – Sum of MCS per RI is equal to 100%; 2 – Sum of MCS per RI is equal to RI probability.
Previous agreements

· 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 another 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, in order to test the robustness of the receivers.
· Packet arrival is a Poisson process with an arrival rate defined as λ= RU / D (mean packet duration from SLS @40% RU, 0.5MBytes) 

· RU=40% (for scenario 1), TBD for scenario 2a/2b

· “D” = [250ms] (scenario 1), and for scenario 2a/2b [200ms] (macro interferer) and [100ms] (small cell interferer) [note from DCM R4-133277]

· RI=1/2 is randomly chosen according to [50/50] probability [note: from MTK R4-133638 etc.]

· MCS varies from packet to packet 

· MCS randomly selected from three MCS levels defined below 

· RI=1: MCS [8] ([TBD]% prob), MCS[17] ([TBD]%), MCS[22] ([TBD]%)

· RI=2: MCS [5] ([TBD]% prob), MCS[14] ([TBD]%), MCS[19] ([TBD]%)

· MCS/RI determines ON duration assuming 0.5MB packets

· Values in [] are meant to be a starting point, to be further verified in RAN4

Discussion:

· MCS/RI distributions
· RI statistics

· MCS statistics 
· For RI =2 same MCS is used for both codewords 
E///: does everybody simulate per packet statistics or per subframe statistics, channel estimation in SLS, colliding or noncolliding, amount of PDCCH, which kind of receiver MMSE-IRC or not. 

Intel: agree it’s important for each company to mention subframe or packet level statistics. Antenna configurations and receiver types are important to align.

QC: probably of MCS and RI should be assume in SLS in packet level. 

Samsung: it’s still OK to collect statistics in TTI. MCS for RI=2 seems to be similar to RI=1. Do we need different distribution of MCS for 40 and 60 RU? Maybe one distribution is sufficient.
Broadcom: we use medium MCS per rank which makes more sense. Derive packet duration for each medium MCS. Should we consider one or multiple UE scheduled per TTI. In link level, we schedule only one UE. Does packet duration include idle time or not. 

Huawei: More realistic scheduler, one TTI could have more UE being scheduled. 
Broadcom: multiple UE scheduled in more realistic but packet duration will be longer therefore larger interference. So we propose just to use one TTI.

· Packet arrival modeling
· Option 1: Average packet duration value is derived from the SLS packet duration distribution
· Option 2: Average packet duration is calculated from the agreed MCS/RI distributions
· MCS/RI distributions differentiation for Macro/Small cells in Scenario 2
QC: is the intention to differentiate macro connected UE and small cell connected UE. 

Intel: we want to differentiate macro or small cell interferers.

E///: it would be good to differentiate but given time constraint and efforts required probably it’s easier to use the same methodology for both scenario 1 and 2. Use weighted average to average between macro and small cells.

HW: share the view with E///. Is the intention to average link level performance? 

Intel: we can agree to use weighted average for macro and small cells based on probability of macro and small cell interference.

QC: what is the weighted average for?

Intel: average for MCS.

NSN: we are concerned on averaging on MCS levels. Doesn’t make sense to average MCS levels.

MTK: have we calibrated macro and small cell interference?

Intel: we provide statistics of macro and small cell interference in our contribution.

Broadcom: use medium MCS instead of average MCS for both scenario 1 and 2a/b.
HW: we use averaged spectrum efficiency which makes more sense.

· Packet scheduler assumptions

· FIFO FTP packet scheduler

QC: if there is collision, terminate the packet and start a new one. FIFO could have stability issue. For simplicity, we propose to terminate colliding packets.

Samsung: we can use FIFO which is more realistic. Collision rate is not that high.

DCM: agree with FIFO scheduler. Difficult keep RU if we terminate packets.
NSN: share same opinion with DCM

Broadcom: propose to put scheduling restriction on only one UE each time.

NSN: FIFO is very close to ftp traffic. Other methods complicate the problem. 

Intel: also support FIFO. RAN1 system level study also uses FIFO scheduler.
· Additional metrics 

· User perceived packet throughput metric
Samsung: user perceived throughput is more typical for FTP traffic model. It’s similar to QC’s proposal.
· Clarification on RI adaption
Intel: should we consider RI adaption or not? 

Samsung: beneficial to have RI adaptation.

QC: support Samsung

Intel: we can agree to use RI adapation based on MMSE-IRC.

Broadcom: we need more time to think about RI adaptation based on MMSE-IRC.

QC: use RI adaptation but leave condition open.

MTK: considering only one meeting left. We can use adaptation using MMSE-IRC.

· Other?

Broadcom: should consider transmission on time for each MCS to derive packet duration.
Agreed Way forward:

· Packet arrival modeling: Option 2: Average packet duration is calculated from the agreed MCS/RI distributions

· FIFO FTP packet scheduler should be used for the study.

· Adopt the follow CQI, PMI and RI approach in the study. It’s useful if companies specify the approach to compute CSI.

· .Intel volunteers to lead off line discussion on remaining issues and prepare way forward for approval by the end of this week.
2. Scenario 2a/b interference modeling (15 min)
Related contribution list:
	10.4.2
	R4-134649
	Discussion
	System level results: geometry levels and interference profiles for scenario 2
	Ericsson

	10.4.2
	R4-134926
	Discussion
	Inter-cell interference conditions for LTE NAICS scenario 2a/b
	Intel Corporation

	10.4.2
	R4-135145
	Discussion
	Evaluation methodologies for NAICS Scenario 2a/2b
	NTT DOCOMO


Summary:

· Ericsson (R4-134649)

· Provide the system level simulations for geometry levels for scenario 2 
· Propose to use the simplified methodology based on 2 dominant interferers and a single alpha value for Scenario 2 as used for Scenario 1
· NTT DOCOMO (R4-135145)

· Proposal 1: Ik/Noc should be explicitly separated corresponding to the Macro UEs and Small UEs.

· Proposal 2: Considering the time restriction of the NAICS work, common α for Noc(α) calculation should be assumed in NAICS Scenario 2a/2b evaluation. 

· Intel (R4-134926)

· Observation 1: For the LTE NAICS Scenario 2a/b with 4 small cells the RU ratios of Macro and Small cell layers is substantially different.

· Observation 2: Using Option 1 non-dominant interferers modeling approach results in 0.6 - 1.0 dB dominant interference underestimation comparing to Option 2 approach.

· Observation 3: The probability that the dominant interferer is Macro or Small cell is not aligned with the general cell type probability.

· Proposal 1: Use different Macro and Small cell layers RU values 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 2: Use averaged dominant interference I1/Noc and I2/Noc power profiles for Macro and Small cells.

Discussions/Proposals:

· Is RAN4 WG still interested in analyzing the interference environment for Scenario 2a/b?

QC: scenario 2 is important. Given limited time, we can take one scneairo and do more complete study to understand it.

E///: we have progressed scenario 1 pretty well. We can save some time to make progress on scenario 2a/b. It’s an important scenario to be considered in this study item.
Intel: prefer option 2 for Noc scaling. But for the sake of progress we can accept option 1 as well.

Broadcom: can we use the same methodology for both scenario 1 and 2? 
Broadcom: does same alpha mean it’s the same for macro and pico?

E///: one alpha for one RU based on macro.

· Noc scaling
· Option 1: Common α for Noc(α) calculation. Simplified methodology based on a single alpha value for Scenario 2a/b as used for Scenario 1.
· Option 2: Different α for Noc(α) calculation. More accurate methodology based on two different alpha values for Macro/Small cells.
· Timeline to collect interference power profiles for Scenario 2 a/b
· Interference power profiles differentiation for Macro/Small cells
Intel: we provided some analysis in our contribution and show the difference is not substantial. We propose to use one profile.

Broadcom: form complexity point of view, it’s hard to differentiate macro and small cells. 

Agreed Way forward:
· Noc scaling: Common α for Noc(α) calculation for both macro and small cells. Simplified methodology based on a single alpha value for Scenario 2a/b as used for Scenario 1.

· Use email discussion before RAN#69 to finalize interference profile
· There is no need to differentiate macro and small cells in interference profile.
3. Link to System Mapping (10 min)
Related contribution list:
	10.4.3
	R4-134655
	Discussion
	Link to System mapping
	Ericsson

	10.4.3
	R4-134934
	Discussion
	Views on system-level evaluation methodologies of NAICS receivers
	Intel Corporation

	10.4.3
	R4-134988
	Discussion
	Discussion of link-to-system interface modeling for advanced receivers
	Huawei, HiSilicon

	10.4.3
	R4-135097
	Discussion
	Link abstraction for R-ML receivers
	MediaTek Inc.

	10.4.3
	R4-135497
	Discussion
	L2S modeling for WLMMSE-IRC
	Renesas Mobile Europe Ltd

	10.4.3
	R4-135500
	Discussion
	TP for L2S modeling of WLMMSE-IRC
	Renesas Mobile Europe Ltd

	10.4.3
	R4-135501
	Discussion
	TP for L2S modeling of WLMMSE-IRC
	Renesas Mobile Europe Ltd


\
Summary:

· Intel (R4-134934)

· The existing system-level models of ML/R-ML receivers may not provide sufficient accuracy in all scenarios, potentially leading to the wrong conclusions from the system-level evaluations of NAICS receivers.

· The IS/IC receivers performance depends on a set of serving cell and interference cell parameters. The creation of link-to-system mapping abstractions for different IS/IC receivers and different combinations of the serving and interference cells parameters may have large complexity.

· Propose to consider embedded link-level receiver modeling approach as one of the options for the system-level evaluation of the NAICS receivers. 
· Huawei, HiSilicon (R4-134988)

· System level modelling methodologies for linear receivers (LMMSE-IRC, E-LMMSE-IRC) are reviewed, and the methodologies for nonlinear receivers (SL-IC, CW-IC and ML) are provided.
· MediaTek (R4-135097)

· A link abstraction model based on a linear weighting of two mutual information MI values at a lower and upper bound SNRs respectively, can be adopted for ML/R-ML receivers, where the weighting factor can be derived from a predetermined look-up table and parameterized by MCS of the desired PDSCH, modulation order of the interference, and two parameters derived from the QR decomposition of the channel matrix.
· Renesas Mobile Europe Ltd (R4-135497, R4-135500)

· Provide a detailed description of the WLMMSE-IRC receiver algorithm and required methodology to model the receiver in system level simulations. Also provide a model to cover non-idealities in the receiver at system level.

Observations:

· The same topic with the similar set of contributions will be discussed in the RAN1 WG

· In general, there are diverse views on the potential link to system mapping methodologies for NAICS receivers. 

· No common methodology for modeling of all receivers. It is assumed that different IS/IC receivers should have different link to system mapping methodologies.
· The ML methodology based on linear weighting of two mutual information MI values at a lower and upper bound SNRs respectively are considered by several companies (MediaTek, Samsung).
Discussion:

· Should this topic be discussed and agreed in RAN1 WG only?

HW: we can leave this effort to RAN1.

E///: what exactly RAN4 needs to provide to RAN1? For example, if UE blindly estimates certain parameters which have impact on the overall performance. Does RAN1 need to model this? What are the parameters that may impact the performance? In the end, UE will not be genie UE.
QC: agree to send some RAN4 evaluation results to RAN1.
Agreed way forward:

· To avoid duplicated efforts, RAN4 can leave this work to RAN1.
4. NAICS receiver assumption and complexity evaluation (40 min)
Related contribution list

	10.4
	R4-134963
	Discussion
	Views on Network Assistance Information
	Alcatel-Lucent

	10.4.1
	R4-135089
	Approval
	Email discussion summary on NAICS receiver assumption, complexity, and system modeling
	MediaTek Inc.

	10.4.1
	R4-135493
	Approval
	Text Proposal on TR36.866 (NAICS receiver assumptions)
	MediaTek Inc.

	10.4.4
	R4-135526
	Approval
	Text Proposal on TR 36.866 (Observations on Blind NAICS Receivers)
	QUALCOMM Incorporated

	10.4.4.1
	R4-134651
	Discussion
	Discussion on signalling need vs coordination and detection of parameters for NAICS
	Ericsson

	10.4.4.1
	R4-134987
	Discussion
	Discussion of assistance information and complexity for advanced receivers
	Huawei, HiSilicon

	10.4.4.1
	R4-135478
	Discussion
	Considerations on NAICS receivers to be studied in system level evaluations
	Nokia Corporation, NSN

	10.4.4.1
	R4-135485
	Discussion
	On complexity of NAICS receivers
	Renesas Mobile Europe Ltd

	10.4.4.1
	R4-135499
	Discussion
	Complexity Analysis for NAICS Receivers
	QUALCOMM Incorporated

	10.4.4.2
	R4-135146
	Discussion
	Views on E-LMMSE-IRC receiver
	NTT DOCOMO


Summary:
· Receiver assumptions
· Alcatel-Lucent (R4-134963)

· Proposal: To adopt a phase approach on the Network Assistance information that is considered in this Study Item. 
· Information needed for interferer channel estimation and interferer detection to be clarified whether network coordination (inter-eNBs) is required. 

· The baseline approach is without inter-eNB coordination.

· MediaTek:

· Summary of email discussion on NAICS receiver assumption, complexity, and system modeling and the respective TP on receiver assumptions
· Qualcomm (R4-135499): 
· Assumption 1: Include CRS-IC as part of channel estimation complexity of NAICS receivers since all the NAICS receivers require the interferer channel estimate.

· Assumption 2: Synchronization - Synchronous network deployment is assumed for NAICS receivers in the study phase. Receiver performance evaluations consider timing and frequency synchronization error. Asynchronous network deployment can be studied in the future.”

· Assumption 3: CP & Subframe alignment - Serving & interfering cells are assumed to have the same CP with subframe/slot alignment during the study item. Robustness in under mixed CP deployment could be evaluated in the work item phase.

· Assumption 4: CFI - Assume that serving and interfering cells have the same starting CFI considering that NAICS study has focused on PDSCH over PDSCH. Robustness under different CFI could be evaluated under the work item phase.

· Ericsson (R4-134651): 
· Consider, for the time being, only synchronized networks without the need of any network assistance; also there is no need to enforce any coordination among the neighbour cells. Unsynchronized case can be considered in a later phase.

· Blind detection or network signaling of the following parameters are also discussed: CP, Data to RS EPRE, CFI, MBSFN, system bandwidth, nSCID, PDSCH allocation, RI/PMI/TM and modulation order.
· Proposal 2: For synchronous network case, it is assumed that the network can coordinate and use the same CP length across NCs. Blind detection could be considered or a signalling to indicate that the same CP is used among all the cells.

· Proposal 3: Data to RS EPRE is already signaled in the serving cell, the same methodology could be reused for the NC. However, solutions should be discussed in order to limit the signaling overhead due to continuous change of power ratios in NCs through e.g. network coordination.

· Proposal 4: CFI can be blindly detected by the UE through NC PCFICH reading, alternatively some signaling could be considered in case all the NCs uses the same CFI in order to limit the UE complexity in this case. No network coordination is needed.  

· Proposal 5: MBSFN configuration could potentially be blindly estimated by the UE. This requires further analysis. Neighbour Cell IDs do not need to be signaled as the UE can blindly detect them via regular search cell procedures. CRS AP can be considered as potentially blindly detectable by the UE after reading NC PBCH (analysis on the NC PBCH decoding reliability may be needed).   

· Proposal 6: System Bandwidth can be considered as potentially blindly detectable by the UE after reading NC PBCH (analysis on the NC PBCH decoding reliability may be needed).   

· Proposal 7: nSCID could be either blindly detected by the UE if the UE can read NC control channels or if necessary a network coordination approach could be considered. For n_ID(DMRS) some network coordination could be introduced in order to limit the UE search space. Further discussions are needed.

· Proposal 8: DM-RS based TM PDSCH allocation can be detected via DM-RS allocation. PDSCH allocation for CRS based TMs can be potentially detected by the UE with the help of network signaling which restrict the UE search space.

· Proposal 9: RI/PMI and TM, Modulation order are candidates for blind estimation. Initial analysis show that small degradation can be seen because of TM and RI estimation. Further studies and alignment is needed to quantify the expected loss by blindly estimating these parameters.
· Complexity analysis

· Huawei, HiSilicon (R4-134987):

· Method 1: Characterized by using O-notation

· Method 2: Relative complexity ratio

· Proposal: Consider using relative complexity for UE implementation complexity analysis

· Renesas (R4-135485):

· O-notation is used
· Observation 1: LMMSE-IRC, E-LMMSE-IRC, WLMMSE-IRC and symbol based LMMSE-SIC are considered to have low computational complexity. 

· Observation 2: Codeword based LMMSE-SIC is considered to have medium computational complexity.

· Observation 3: Full ML based joint detection scheme has prohibitively high computational complexity.

· Observation 4:  The computational complexity of Sphere detector with dynamic radius is polynomial on average. Since there is no fixed computational complexity available for the dynamic radius based Sphere detector, its computational complexity can be considered to be high. Hence, the dynamic radius based Sphere detector can be considered to be as practically infeasible approach.  

· Proposal 1: The computational complexity of candidate NAICS receivers should be firstly addressed in the presence of full network side information. 

· Proposal 2:To have a common understanding on the computational complexity of practically feasible reduced ML based schemes, companies are asked to provide further details on their reduce complexity ML candidate solutions.  

· Qualcomm (R4-135499):

· Component-based complexity analysis methodology is used.

· Proposal 1: Include CRS-IC as part of channel estimation complexity of NAICS receivers since all the NAICS receivers require the interferer channel estimate.

· Proposal 2: Evaluate complexity of fully blind NAICS receivers under the assumption of no network signalling as a baseline.

· Proposal 3: We propose that Data-to-CRS EPRE for QPSK-rank1 transmissions follow a restricted set of values based on the PA value, as it is currently done for other modulation formats.

· Proposal 4: Propose to consider interferer allocation to be same across a PRB pair for NAICS receivers.

· Blind Detection Complexity for SLIC & R-ML Receivers:

· Blind detection algorithms are implementation specific and may depend on the receiver type used.

· The complexity of the blind detection part for SLIC & R-ML receivers is primarily determined by the number of REs used for blind detection of Data-to-CRS EPRE, spatial precoding scheme and modulation order.

· Observation: The number of REs used for blind detection {KEPRE, KSS, KMOD} is a design choice. Performance results presented in [3]-[6] for Phase 1 and Phase 2 simulation results include practical choices of number of REs and the overall complexity of blind detection is INT_BD_TOTAL = n*INT_CHE_TOTAL, where n is between 1 to 4 and INT_CHE_TOTAL  is the total complexity of CRS-IC.

· Receiver down selection 
· Nokia/NSN (R4-135478)
· Proposal 1: Due to the high number of so-far identified receivers, down-selection on the receivers to be studied further is essential to ensure high quality comparisons and evaluations in the RAN1.

· Proposal 2: Based on RAN4 analysis on the different receiver structures, full SLML, ML-CWIC, and iterative (R-)ML receivers do not need to be further evaluated in RAN1.

· Proposal 3: E-LMMSE IRC, SLIC, and symbol level R-ML receivers should be given high priority in the RAN1 receiver evaluations and studies.

· Observation: WLMMSE-IRC relies on reduction of dimensionality of the space spanned by transmitted signals in a similar fashion as e.g. rank restriction/coordination in context with (E-)LMMSE-IRC receivers. As the gain mechanism is very similar, the gains are expected to be similar also.

· Proposal 4: WLMMSE IRC should not be considered further in RAN1 evaluations due to the implied considerable impact in terms of used modulation (PAM) to LTE PHY, and the existence of other schemes with similar gain mechanisms without such large impacts.

· Proposal 5: L-CWIC receiver should not be considered for further RAN1 evaluations due to the implied high complexity, losses due to implied scheduling and LA restrictions, and extremely high signalling needs.
· NTT DOCOMO (R4-135146)

· 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 should deprioritize the E-LMMSE-IRC receiver in the NAICS works since this receiver seems to be effective only for DMRS-based transmission modes.
Discussions:
· Receiver assumptions

· Can we agree on the email discussion summary and TPs
E///: we have some concerns on the TP. Some text doesn’t capture the status of discussion. We will provide some changes to the reflector.

MTK: Please send any modification on TP to the RAN4 reflector.

QC: we can treat both email discussion summary and TP together over this week.

Broadcom: both document discuss similar things. Make the email summary for information only.

E///: once we agree the wording, email summary and TP should be consistent.
· Complexity analysis 

· Can we agree on one methodology to analyze complexity so companies can submit analysis in the next meeting?
· Method 1: Characterized by using O-notation

· Method 2: Relative complexity ratio to LMMSE-IRC

· Method 3: Component based (i.e. functional blocks + number of processing iterations) 
HW: what’s the complexity definition? Is delay considered a part of the complexity analysis?

ALU: should consider complexity at BS side also in the analysis.

Samsung: delay should be considered. Network coordination is RAN1 issue. RAN4 should focus on UE complexity. Delay will be modelled in RAN1 system level simulation.
E///: true that network coordination and signalling will be worked by RAN1. But RAN4 should also consider reasonable assumption from the network.

QC: delay itself should be UE implementation. We should capture complexity from the function point of view.

Broadcom: we can consider both method 1 and 3. Method 2 can be covered by method 1 or 3. With or without blind detection will change the complexity analysis results.

Intel: we have some concerns on method 1 and 2 because exact complexity is implementation specific. We prefer method 3.

E///: method 3 is more comprehensive. But we also want method 2 to provide a different view of understanding.
Samsung: we prefer option 3. We have same understanding like Intel that method 1 and 2 are difficult because of implementation dependency.

NSN: we need to consider blind detection because of large impact. We think method 3 is more agreeable. We also see value of method 2.
Broadcom: we would like method 1 to compliment method 3. Computation complexity is also worth investigating.

HW: We also prefer method 3 and method 2 combination.

Samsung: can we make some progress to agree on method 3.

E///: would be difficult to compare results if different methodologies are used. Propose both method 1 and 3 should be studied by all.
Broadcom: blind detection is hard to be analysed by method 3. Method 1 can tell the difference between blind and genie UE.

QC: use method 3 for analysis and other methods for guidelines.

NSN: how to address the complexity from the network side?

E///: network side complexity is important, for example, what parameters can be blindly detected by UE.
· Complexity analysis work plan

· Discuss and agree on skeleton of TR section on complexity analysis in RAN4 68bis (R4-135526 can be a starting point)

· Final observations/conclusions to be decided in RAN4 69

· Receiver down selection

· Should we do further down selection of NAICS receivers?
Intel: RAN4 should not perform receiver down selection. RAN1 can decide which receiver to model in system level analysis.
Broadcom: rapporteur concludes we can focus on the top view. Share view with Intel.

Samsung: we haven’t agreed on the top five receivers. I don’t think we need to do down selection in RAN4.

DCM: Which working group has the responsibility to down select receivers? 
Broadcom: RAN1 should be the group to make the decision.
Agreed way forward:
· Email summary and TP proposal from MTK will be modified and finalized this week over reflector.
· Use method 3 as baseline complexity analysis and optionally choose method 1 or 2 to evaluation computation complexity.
· E/// will lead offline discussion on complexity analysis of each receiver and parameters required from the network and frequency of network assistance.
5. Single cell SU-MIMO (15 min)
Related contribution list
	10.4.1
	R4-134979
	Discussion
	Discussion and evaluation of advanced receiver for single cell SU-MIMO
	Huawei, HiSilicon

	10.4.1
	R4-134986
	Discussion
	Revision of TP to capture the evaluation and observation in SU-MIMO scenarios
	Huawei, HiSilicon

	10.4.4
	R4-134948
	Discussion
	Simulation results for intra-cell interference IC under SU-MIMO interference
	Ericsson

	10.4.4
	R4-134950
	Approval
	TP for TR 36.8xy v 0.1.0 [TP to capture conclusions on SU-MIMO]
	Ericsson

	10.4.4
	R4-134952
	LS out
	Draft LS on conclusions on expected gains of further advanced receivers applied to intra-cell interference in SU-MIMO scenarios
	Ericsson


Summary:

· Huawei (R4-134979): With median antenna correlation, about 3dB performance gain could be achieved by R-ML and L-CWIC receivers. R-ML has similar throughput gain as L-CWIC within SNR range of interest.

· Ericsson (R4-134948): Further advanced receiver based on IC (without the need for network assistance) can provide 2-4dB gains when applied to SU-MIMO scenarios.
Discussion:

· Can we agree on some text in this meeting?

· Do we need to inform RAN1 on the TP by an LS?
Broadcom: better to clarify which reduced ML is used. Some clarification is useful in TP.
MTK: is the difference in the amount of gains? We can soften the wording a little bit on the amount of gain.

E///: we capture simulations results from all companies in the TP. It’s hard to identify the gains because different scenarios are used. 

HW: we have enough common test cases to draw conclusion.

E///: only 2-3 companies provide results on similar scenarios

HW: in this meeting we can provide a trend based on existing results.

Broadcom: it’s no hurry to agree on SU-MIMO because we don’t have TP for inter-cell scenarios yet. It’s better to align some assumption for other companies to provide more results.
Agreed way forward:

· E/// is going to lead offline discussion to decide if a common scenario is needed or some form of TP can be agreed in this meeting.
6. Phase 1 evaluation results and conclusions (20 min)
Related contribution list

	10.4.4.2
	R4-134652
	Discussion
	Link level simulation results for phase I scenario 1
	Ericsson

	10.4.4.2
	R4-134654
	Discussion
	Link level simulation results for phase I scenario 2
	Ericsson

	10.4.4.2
	R4-135563
	Discussion
	Simulation results for inter-cell interference cancellation for scenario I, phase I
	Ericsson

	10.4.4.2
	R4-134930
	Discussion
	Phase 1 link-level analysis of candidate IS/IC receivers
	Intel Corporation

	10.4.4.2
	R4-134975
	Discussion
	Link level evaluation for Phase I
	Huawei, HiSilicon

	10.4.4.2
	R4-135099
	Discussion
	Performance of blind detection of modulation order for R-ML receivers
	MediaTek Inc.

	10.4.4.2
	R4-135147
	Discussion
	Simulation results of SLIC receiver in NAICS Phase-1 evaluation
	NTT DOCOMO

	10.4.4.2
	R4-135317
	Discussion
	Phase 1 link level simulation results of NAICS receivers
	CMCC

	10.4.4.2
	R4-135480
	Discussion
	Link-level investigation of NAICS Phase 1
	Nokia Corporation, NSN

	10.4.4.2
	R4-135486
	Discussion
	Performance of Blind R-ML Receivers for NAICS Phase-1 Evaluations
	QUALCOMM Incorporated


Summary:

· Ericsson (R4-135563)

· Provide simulation results for phase I under scenario 1.

· Intel (R4-134930)

· Provide the simulation results for the Phase 1 link-level performance analysis of selected IS/IC receivers in different interference conditions. The results of analysis have shown that performance of IS/IC receivers largely significantly depends on the assumed combination of Es/Noc, I1/Noc, I2/Noc, and useful and interference signal MCSs.
· Observations 1 (TM9 scenario):

· Enhanced IS/IC receivers (E-LMMSE-IRC, ML, SL-IC, L-CW-IC) outperform the baseline Rel.11 LMMSE-IRC receivers in all considered scenarios.

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

· The codeword level IC receivers (L-CW-IC) outperform symbol level IS/IC receivers (i.e. R-ML and SL-IC) in the majority of scenarios and provide the maximum performance improvements. 

· 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 ≤ R-ML ≤ L-CW-IC.

· The performance of different IS/IC receivers significantly depends on the interference profiles

· The largest performance gains are observed for the case of strong dominant interferer.

· The IS/IC receivers gains are typically larger in case when both dominant interferes are active (i.e. ON/ON interference pattern).

· The performance of different IS/IC receivers significantly depends on the interference signal MCS and MIMO rank

· The largest performance gains are observed when interference signal is modulated by QPSK. 

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

· In case of strong MIMO rank 2 QPSK interference the enhanced IS/IC receiver allow achieving substantial performance gains as the baseline LMMSE-IRC receiver lacks degrees of freedom to efficiently suppress the interference. In case of QAM16 based MIMO rank 2 interference the performance gains decline. 

· Observations 2 (TM4 scenario):

· The NAICS receivers performance in TM4 and TM9 scenarios is almost similar except for the following aspects:

· All considered enhanced IS/IC receivers typically provide larger performance improvements comparing to the TM9 scenario.

· The IS/IC receivers gains are typically larger in case when the first dominant interferer is active, while the second one is inactive (i.e. ON/OFF interference pattern).

· In some scenarios the SL-IC receivers provide slightly better performance than the R-ML receivers due to better tolerance to channel estimation errors.

· Observations 3:

· Using two interference cell processing allows achieving noticeable performance gains comparing to the one cell processing receivers for the considered scenarios. The averaged performance gains over different scenarios are 0.7 dB for E-LMMSE-IRC, 0.9 dB for the R-ML receiver and 1.5 dB for the L-CW-IC receivers.

· Using two interference cell processing incurs higher IS/IC receiver complexity and potentially higher network signalling overhead comparing to the one interference cell processing.

· Huawei, HiSilicon (R4-134975)

· E-LMMSE-IRC, SL-IC and R-ML receivers achieve better performance over LMMSE-IRC. The performance gain depends on number of interference cells, interference modulation order and level

· For ON/OFF interferers pattern

· SLIC and R-ML receivers achieve better performance over E-LMMSE-IRC under QPSK interference

· SLIC and R-ML receivers have similar performance with E-LMMSE-IRC under 16QAM/64QAM interference 

·  For ON/ON interferers pattern

· E-LMME-IRC receiver could achieve similar or better performance than SLIC and R-ML receivers since in the simulation only interference from the stronger interfering cell is cancelled for SLIC and R-ML receivers. While E-LMMSE-IRC performs interference suppression on both interference cells

· MediaTek (R4-135099)

· Observation 1: When MCS 5 is used in the serving cell with fixed (ON, OFF) interference pattern, R-ML can still perform reasonably well with the degradation of up to 1.5dB under blind detection of modulation order, and up to 2dB with detection of interference presence and modulation order simultaneously. R-ML still outperforms LMMSE-IRC receiver by a large margin in most cases.

· Observation 2: When MCS 14 is used in the serving cell with fixed (ON, OFF) interference pattern, R-ML can still perform reasonably well with the degradation of maximum ~2dB under blind detection of the modulation order, and ~3dB with detection of interference presence and modulation order simultaneously. R-ML still outperforms LMMSE-IRC receiver by a large margin in most cases.

· Proposal 1: The performance of R-ML receiver with blind estimation should be further studied in both link and system level, especially in terms of the trade-off between performance loss and signalling/coordination complexity, with RAN1 focusing on signaling/coordination feasibility and system level performance impact from scheduling constraint and RAN4 on blind detection feasibility and link performance degradation modeling

· NTT DOCOMO (R4-135147)

· Observation 1: In the low geometry case, the throughput performance of the SLIC receiver highly depends on the I1/Noc and MCS for the interfering cells.

· High I1/Noc, i.e., I1/Noc at 80%-ile case

· The SLIC receiver can provide 1.2 dB ~ 2.4 dB gain for TM3 and 1.6 dB ~ 4.8 dBt gain for TM9 compared to Rel. 11 MMSE-IRC receiver depending on the MCS used in the interference cells.

· Low I1/Noc, i.e., I1/Noc at 20%-ile case

· The gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is less than that in high I1/Noc case.

· However, the performance of the SLIC receiver is still higher than that of the Rel.11 MMSE-IRC receiver.

· Observation 2: In the middle geometry case, the gain of the SLIC receiver degreases compared to that in the low geometry case.

· Observation 3: The throughput performance of the SLIC receiver still highly depends on the I1/Noc and MCS of interference cells in the middle geometry case.

· High I1/Noc, i.e., I1/Noc at 80%-ile case

· The SLIC receiver can provide 0.5 dB ~ 0.7 dB gain for TM3 and 0.2 dB ~ 1.9 dB gain for TM9 compared to Rel. 11 MMSE-IRC receiver depending on the MCS used in the interference cells.

· Low I1/Noc, i.e., I1/Noc at 20%-ile case

· The gain from the SLIC receiver compared to the Rel. 11 MMSE-IRC receiver is less than that in high I1/Noc case.

· The performance of the SLIC receiver is slightly higher (or almost the same) compared to that of the Rel. 11 MMSE-IRC receiver in On/On traffic model.

· CMCC (R4-135317)

· Observation 1: IC receivers can perform considerable gains over LMMSE-IRC receiver.

· Observation 2: SLIC receiver and L-CWIC receiver can achieve similar performance under OFF/OFF interferer pattern.

· Observation 3: L-CWIC receiver can outperform about 2~4dB over SLIC receiver with the increasing interference power under ON/ON interferer pattern in TM4 rank1.

· Nokia Corporation, NSN (R4-135480)

· In this contribution the performance of the NAICS receivers ELMMSE-IRC as well as L-CWIC, compared to the LMMSE-IRC and LMMSE is investigated. There were simulation scenarios where the investigated NAICS receivers clearly outperformed LMMSE-IRC, while in other scenarios no significant gains were observed. 

· Proposal 1: Investigate further the performance of NAICS receivers, compared to LMMSE-IRC, to justify further actions.

· Qualcomm Incorporated  (R4-135486)

· Observations for TM4/TM4/TM4

· Results with the Blind R-ML receiver detect all the interferer parameters as needed. These results serve as the baseline for R-ML receiver performance with additional signalling / network coordination etc.

· The blind R-ML receiver provides gains of up to 10-10.5 dB with 80% I/Noc interferers and up to 5-5.5 dB for the 50% I/Noc levels. In most of the cases considered, the fully Blind R-ML receiver performs nearly as well as the genie-aided version with losses limited to 0.5 dB or less across all scenarios.

· Relatively speaking, the largest performance gains of the advanced receiver over the MMSE-IRC receiver are observed for low interferer MCS and high interferer levels. These scenarios also demonstrate nearly lossless blind detection performance compared to the genie-aided case.

· Observations for TM2/TM3/TM2

· R-ML receiver gains over the baseline Rel-11 MMSE-IRC receiver are observed for the rank2 interferer case as well. Gains are smaller in the range of 0-2 dB for this rank2 interferer case. Moreover, the blind detection is also more challenging with higher rank/modulation order as would be expected, particularly losses are seen for this scenario with the EPA5 channel model. A majority of the scenarios shows gains with the Blind R-ML receiver. The combined impact of NAICS receivers across multiple scenarios can be observed in Phase-2 of link level study.
· The above results demonstrate that full blind detection of interferer parameters at the UE is a viable option for R-ML receivers. Given the effectiveness of the blind receiver, the additional signalling overhead / network coordination may yield marginal gains at best and is likely to reduce overall system performance at worst. 

Observations:
· Ericsson, Intel, Huawei, NTT DOCOMO, CMCC and Nokia, NSN consider genie-aided receivers

· Both genie-aided and blind receivers are analyzed by Qualcomm and MediaTek
· Results for NAICS receivers assuming knowledge of parameters of 1 and 2 interference cells are provided

· The simulation parameters are more or less aligned but still some small divergence exists

· Difficult to compare results from different companies since no common metric/criteria defined and companies provide results in different formats

Discussions:
· Common metric for performance analysis: 

· SNR gain vs. the LMMSE-IRC at 70% maximum throughput.
Broadcom: do we need to capture results from phase 1?

Intel: it’s very important to capture phase 1 results. We prefer SNR gain vs baseline receiver as the metric. We also prefer a table to summarize all the results.
MTK: we also agree phase 1 should be in TP because it’s pure receiver performance. We are OK with SNR gain as the metric.

E///: we don’t think phase 1 results can be used to draw conclusions. The conclusions should be based on phase 2. Phase 1 results can be capture for information. SNR gain is a fair metric to use, but what if the reference receiver performance is out of range?
QC: we share the view to capture phase 2 results. Phase 1 results are for calibration. SNR gain is OK. 

Samsung: we need to include phase 1 results. Phase 2 results may underestimate NAICS gains. 

ALU: if we can capture phase 1 and 2 results separately in the TP to improve understanding.

QC: separate sections on performance with or without network assistance should be used.

HW: should we agree on how many interferers to cancel?

QC: left to UE implementation

Intel: it makes to specify number of interferers to cancels. The amount of network assistance depends on the number of interference to cancel.

MTK: we should include both phase 1 and 2 results.

Broadcom: not to draw conclusions based on phase 1 results.

Intel: we should clarify whether CRS-IC is used in the baseline receiver.
· How do we capture the results and observations in the TR? 

· Free style chosen by each individual company?

· A common table or template to summarize performance data for easy comparison and driving conclusions?

· Separate sections for performance with and without network assistance?

· One and two cell IS/IC processing

· Can RAN4 make some any recommendation on this to RAN1? 

· Recommend RAN1 to provide the respective system-level analysis to understand potential benefits at system-level.
Agreed way forward:
· For phase 1 calibration, SNR gain over MMSE-IRC is used as a metric for comparison at 70% of max throughput.
· QC volunteers to lead offline discussion on how to capture and compare results and create a way forward on this topic.
7. Phase 2 evaluation results and conclusions (15 min)
Related contribution list

	10.4.4.3
	R4-134653
	Discussion
	Link level simulation results for phase II scenario 1
	Ericsson

	10.4.4.3
	R4-134876
	Discussion
	Preliminary results of Phase 2 evaluation and observations
	Samsung

	10.4.4.3
	R4-134931
	Discussion
	Phase 2 link-level analysis of candidate IS/IC receivers
	Intel Corporation

	10.4.4.3
	R4-134997
	Discussion
	Preliminary NAICS phase-II evaluation results
	BlackBerry UK Ltd.

	10.4.4.3
	R4-135587
	Discussion
	Link level performance of Phase II for NAICS receivers
	LG Electronics

	10.4.4.3
	R4-135488
	Discussion
	Simulation results for phase 2 evaluation
	Renesas Mobile Europe Ltd

	10.4.4.3
	R4-135490
	Discussion
	NAICS Phase-2 Evaluations for SLIC Receiver
	QUALCOMM Incorporated

	10.4.4.3
	R4-135494
	Discussion
	NAICS Phase-2 Evaluations for R-ML Receiver
	QUALCOMM Incorporated


Summary:

· Ericsson (R4-134653)

· This contribution provides initial simulation results for phase II in Scenario 1. It is observed that the gains depend on the simulated conditions: when increasing the load and increasing I1/Noc(α)%-tile the gains of the advanced receivers becomes more important, in case of I1/Noc(40%)-50%-tile the gains are ~0.8dB for CWIC and slightly less for SLIC, and if I1/Noc(60%)-80%-tile the gains are ~2dB for CWIC and ~1.5dB for SLIC.

· Samsung (R4 -134876)

· Observation 1: Compared with MMSE-IRC receiver without improved CE, NAICS receiver provides more than 20% performance gain in low SNR region in most cases. Especially, for interference MCS = 5 case, the performance gain could be more than 40%.

· Observation 2: Compared with MMSE-IRC receiver without improved CE, NAICS receiver provides 10% to 20% performance gain in medium SNR region.

· Observation 3: L-CWIC provided the best performance among all receivers types. Especially, for interference MCS = 5 case, the performance gain is more than 50%. 

· Observation 4: Compared with MMSE-IRC receiver with improved CE, NAICS receiver provides more than around 10%-30% performance gain in low SNR region in most cases.

· Intel (R4-134931)

· The IS/IC receivers provide performance gains under dynamic interference environment conditions of Phase 2 interference modeling (from 0.4 to 2.5 dB for E-LMMSE-IRC, and from 0.6 to 4.5 dB for R-ML receivers).

· The IS/IC receivers performance gains are less pronounced comparing to the Phase 1 performance analysis, due to more dynamic interference conditions in terms of MCS and MIMO rank selection statistics. The IS/IC gains observed in Phase 1 are averaged over different interference profiles/conditions used in Phase 2 analysis. However, network assistance and coordination may be applied to maximize performance gains of IS/IC receivers. 

· The performance of different IS/IC receivers significantly depends on the considered interference profiles. The larger performance gains are observed for the case of more strong dominant interferers.

· Using NAICS processing of two dominant interference cells allows achieving 0.3 – 1.6 dB SNR performance improvement comparing to one cell processing case.

· Further analysis for other IS/IC receiver types, different interference environments, rank 2 serving cell transmissions and blind interference parameters estimation is required to draw final conclusions.

· BlackBerry UK Ltd (R4-134997)

· There can be significant gain for E-LMMSE-IRC in multipath channels such as ETU and with two dominant interferers:

· There can be significant benefit from using 8 orthogonal DMRS ports over 4 DMRS port Rel-11 LMMSE-IRC, since there is a greater need for improved channel estimation in these channels.

· Throughput gains over Rel-11 LMMSE-IRC are significant across a range of SINRs if interference is always on.

· The gains are not as great with random on/off interference, but are still significant at lower SINRs.

· With DMRS-IC channel estimation, E-LMMSE-IRC can have some improvements over Rel-11 LMMSE-IRC, mostly at lower SINRs.

· There may be little or no gain for E-LMMSE-IRC in near frequency flat channels such as EPA and with two dominant interferers:

· There may be no benefit from using 8 orthogonal DMRS ports for E-LMMSE-IRC over 4 DMRS port Rel-11 LMMSE-IRC, due to the extra overhead.

· E-LMMSE-IRC with DMRS-IC can have some slight throughput improvements over Rel-11 LMMSE-IRC.

· The relevance of EPA channels may not be too great, as EPA has insufficient multipath to be a realistic model for the macro cell setup we are focusing on in NAICS scenario 1.

· Further study DMRS coordination mechanisms among desired and interfering cells at the system level, quantifying their gain and determining the overhead and complexity impacts

· Renesas (R4-135488)

· It can be observed that NAICS receivers including WLMMSE-IRC receiver can achieve similar performance being slightly better than the baseline. Relatively simple coordination of modulation format is required by the WLMMSE-IRC receiver at the expense of reduced offered load in the interfering cells to achieve this while the UE implementation complexity is lower compared to other non-linear receivers.

· Qualcomm (R4-135578)

· All presented results are with a realistic blind SLIC receiver which detects interferer parameters as needed and does not assume any network signalling or coordination. 
· A fully Blind SLIC receiver provides gains up to 5 dB with 80% I/Noc interferers and up to 2 dB for the 50% I/Noc levels over the Rel-11 MMSE-IRC receiver for the TM4/TM4/TM4 case and up to 4 dB with 80% I/Noc interferers and 1-1.5 dB for the 50% I/Noc levels for the TM2/TM3/TM2 case.
· Qualcomm (R4-135579)

· Results are presented for a realistic fully blind R-ML receiver which detects interferer parameters as needed and does not assume any network signalling or coordination. This performance serves as a baseline on the R-ML receiver with network signalling / coordination based techniques.

· The fully Blind R-ML receiver provides gains up to 4 dB with 80% I/Noc interferers and up to 1.8 dB for the 50% I/Noc levels. This result reaffirms that blind NAICS receivers show significant gains over the baseline Rel-11 MMSE-IRC receiver.
· LGE (R4-135587)

·  In general, R-ML and ELMMSE-IRC improve throughput performance for NAICS.

·  R-ML and ELMMSE-IRC have performance gain with 2.4~5.4dB and 2~4.2dB in comparison with LMMSE-IRC, respectively.
Observations:
· The IS/IC receivers are capable to provide performance gains under dynamic interference environment conditions of Phase 2 interference model 

· The performance gains depend on the simulated interference conditions 

· Observations are still very diverse due to lack of an agreed phase-2 on/off model 

Discussions:

· Shall we capture observations/conclusions in RAN4 69 when more results will be provided under common modeling assumptions?
· Will it help to have a common table or template to summarize performance data for easy comparison and driving conclusions?
· Common metric for performance analysis

· SNR gain vs. the LMMSE-IRC at 70% maximum throughput

· Throughput gain vs. the LMMSE-IRC

Agreed way forward:

· Need further agreement on interference modeling before aligning the simulation results.
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