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1. Introduction
In RAN #59 the Rel-12 “Study on Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS SI) was approved [1]. The objective of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) receivers in LTE. One of the main RAN4 WG tasks is to define methodology and parameters for realistic link-level simulations of IS/IC receivers.

In RAN4 #68 meeting the inter-cell interference modeling methodology for Phase 2 link-level analysis with dynamic interference environment was discussed and the following agreements were reached [2]:
· 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

So, the general methodology and principles for Phase 2 studies interference modeling were agreed. However, several details including the actual MIMO rank and MCS distributions were not finalized. In this paper, we provide our views on the remaining details of interference models for LTE NAICS Phase 2 link-level performance analysis.
2. Discussion
MCS and MIMO rank statistics
The exact MIMO rank and MCS distributions for Phase 2 link-level studies were not agreed in the previous RAN4 meeting. The respective values should be defined with regards to the actual statistics observed in system-level studies. Furthermore, it was agreed is that the MCS and MIMO rank values are defined on a per-packet basis and hence the statistics should be is measured at packet level, rather than at subframe level. However, the exact methodology to derive the corresponding statistics in not defined and we propose to use approach below to derive the MIMO rank and MCS distributions from the system-level studies:

1) For each FTP packet:
a. Determine average FTP packet MIMO rank. A typical packet may have both Rank 1 and rank 2 transmissions, but for simplification a single rank can be assigned for the sake of analysis. For packets with MIMO rank 2, it is assumed that both codewords have same MCS.
b. Calculate effective FTP packet TBS based on the FTP packet size and the actual packet transmission time.
2) Calculate effective packet TBS statistics for MIMO rank 1 and 2 packets.
3) Quantize the effective packet TBS distributions for each of MIMO rank 1 and 2 packets by three MCS/TBS points corresponding to QPSK, QAM16 and QAM64 modulations. The quantization criterion is the minimization of difference with the average packet TBS.
In Table 1 we provide the summary of MIMO rank and MCS distribution statistics derived based on the system-level analysis for different LTE NAICS scenarios and target RU values. The data for LTE NAICS Scenario 2a/b is provided separately for Macro and Small cells layers.
Table 1. MIMO rank and MCS distribution statistics
	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 %


Based on these results we make the following observations and proposal:
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.

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.
Packet arrival and duration modeling

The previous RAN4 meeting agreements assume that both mean packet duration and the actual MIMO rank and MCS distributions need to be derived based on the SLS statistics. At the same time, it is also assumed the “MCS/RI determines ON duration”. As mentioned above, the MIMO rank selection and MCS statistics assume certain quantization of the actual SLS statistics and the choice of the mean packet duration values from the SLS may result in inconsistent parameters and will not allow keeping the target RU in the link-level simulations. To resolve this problem it is suggested to derive the mean packet duration used for link-level studies based on the average packet throughput, which can be calculated from the MCS and MIMO rank distributions used for link-level analysis (i.e. Table 1). So, in Table 2 we provide the summary of average packet duration values (D) derived in accordance to the proposed approach for different scenarios and target RU values. Additionally, we provide the corresponding packet arrival rates values derived as λ = RU / D. Note, that for Scenario 2a/b the RU at Small cell layer is less comparing with the Macro cell layer [3] and the packet arrival values should be chosen respectively.
Table 2. Average packet duration and packet arrival
	Scenario
	Cell type
	RU
	Average packet duration, [ms]
	Packet arrival rate (λ)

	Scenario #1 40% RU
	Macro cell
	40%
	220
	1.82

	Scenario #1 60% RU
	Macro cell
	60%
	242
	2.48

	Scenario #2a/b 40% RU
(4 Small cells)
	Macro cell
	40%
	203
	1.97

	
	Small cell
	28%
	167
	1.68

	Scenario #2a/b 60% RU
(4 Small cells)
	Macro cell
	60%
	227
	2.64

	
	Small cell
	41%
	183
	2.24


Proposal 2:
The average packet duration is derived based on the agreed MIMO rank and MCS distribution values assuming the 0.5 Mbytes file size.
Interference modeling for Scenario 2a/b

As shown in Table 1 for the case of Scenario 2a/b the Macro and Small cell layers have different MIMO rank and MCS selection statistics. Furthermore, the probability that the dominant interference comes from the Macro and Small cell is different and in general case not aligned with the overall distribution of the Macro and Small cells [3]. The Macro and Small cells dominant interference probability is provided in Table 3.
Table 3. Macro and Small cells dominant interference probability
	Cell type
	Dominant interferer probability
	Geographical distribution

	Macro cell
	45 %
	20%

	Small cell
	55 %
	80%


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.
Simple averaging of MIMO rank and MCS selection distributions in accordance to the general Macro/Small cell probability will result in the distribution shifted toward the distribution corresponding to the Small cells. To overcome this problem either correct weighted MCS and MIMO rank probability averaging or explicit interferer type modeling needs to be applied. From our perspective the latter approach is more preferable.
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.
Packet scheduler assumptions

Different packet level scheduler strategies can be applied for FTP packet transmission (e.g. PF, FIFO) and hence the exact packet scheduler for Phase 2 link-level studies needs to be clarified. To simplify analysis the FIFO scheduler may be assumed. In particular if interferer cell has several FTP packets in the buffer for different UE, they should be transmitted one by one.

Proposal 4:
FIFO FTP scheduler is assumed for Phase 2 link-level studies.
PMI variation in time / frequency

It was previously agreed that the serving cell transmission uses wideband PMI which is well aligned with typical conditions in the non-full loading scenario with FTP traffic. To have consistent assumptions on serving and interfering transmissions, same parameters should be applied for the interference cells.

The enhanced IS/IC receivers’ efficiency depends on the useful and interference signals radio links quality as well as their relative power ratio. If serving cell PMI is assumed to be random then the analysis may provide incorrect insights on the algorithms performance due to reduced quality of the serving signal. So, the serving cell PMI is recommended to be chosen in accordance to the received wideband PMI feedback. For the interference cells, the PMI can be assumed to be random on a per-subframe basis.

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.
Link adaptation

In order to achieve alignment among the companies certain assumptions on the used link-adaptation mechanism should be agreed:
· To get aligned performance results the reference receiver for CQI calculation needs to be defined and the LMMSE-IRC receiver is suggested to be adopted. 

· To correct the performance mismatch between LMMSE-IRC use for CQI calculation and the enhanced IS/IC receiver used for data processing the OLLA mechanism should be used:
· The 10 % initial BLER criterion can be used for OLLA algorithm;

· The OLLA parameters can be chosen as follows: ∆NACK =1.0 dB and ∆ACK = ∆NACK * 1/( 1/target_BLER – 1) [4].

· Since the performance difference between the LMSME-IRC receiver and the enhanced IS/IC receiver can be in rather larger range, the maximum and minimum OLLA offsets should not be fixed.

· In case of using enhanced IS/IC receivers the optimal RI selection can be different comparing with the case of using LMMSE-IRC. So, at current stage for simplification it is proposed to consider fixed RI in the Phase 2 link-level studies.
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.
3. Conclusions

In this contribution we have provided our views on the remaining details of interference models for LTE NAICS Phase 2 link-level studies. In summary, we have following observations and proposals:

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.
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.
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