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1
Introduction

During RAN4#60bis, the evaluation methodologies and initial simulation assumptions for the study item on enhanced performance requirements for LTE UE were discussed and approved in [1]. The following input was agreed to be provided by interested companies for the next RAN4 meetings: 

RAN4 #61:
· Provide the evaluation results for interference modelling and agree the interference modeling (DIP)/ profile from system level simulations
· Agree the detail of link level / system level simulation assumption

· E.g. Transmission mode for serving cell and interference cells

· E.g. Ratio of transmission rank-1 over total transmission signals for interference signals

· E.g. Only fixed MCS or both fixed MCS and Outer-loop link adaptation (target:10% BLER)
RAN4 #62:
· Provide the link level simulation results

· Provide the system level simulation results by interested companies

· Finalize TR
In this contribution, we provide further considerations on the next steps of the study, focusing on remaining aspects of link level investigations (agreed to be performed by RAN4#62). The input based on system simulation results requested for RAN4#61 is provided in a companion paper [2]. This document is an updated version of [15] with additional results motivating the choice of specific fixed MCSs for upcoming link level simulations.
2 
Remaining aspects of link level investigations
We start by discussing open issues in the agreed setup for link level simulations [1], also appended in Table 3 in Annex.
Parameters for the serving cell

· Transmit mode in serving cell: MMSE/IRC receiver assumed as baseline [1] finds use in wide range of scenarios and scales efficiently across LTE transmission modes. Since LTE Rel-8, transmit modes 1-6 build upon the use of common reference symbols (CRS) for both CSI estimation and demodulation purposes. Most of the initial network deployments of the LTE are expected to be based on TM3/TM4 over 2-Tx antennas at eNB. Transmit mode 9 (TM9) defined from Release 10 onwards builds upon a new paradigm with channel state information RS (CSI-RS) for CQI/PMI/RI determination and DM-RS for demodulation. It is worth noting that new transmission schemes to be developed as part of Release 11 and beyond are very likely to build further on the utilization of DM-RS. One advantage is the possibility to perform interference estimation for demodulation over DM-RS positions, this leading to accurate interference covariance information [12]

 REF _Ref308075634 \r \h 
[13]. Reference [9] advocates the choice of a single CRS-based transmit mode (TM6) to be investigated during the study item phase, while a majority of companies expressed their view in favour of studying both CRS and DM-RS based transmit modes [4]

 REF _Ref308077050 \r \h 
[6]

 REF _Ref308077119 \r \h 
[7]

 REF _Ref308075611 \r \h 
[11]. We see as important to conduct the study item in a dual-track manner, with both CRS and DM-RS modes. The former covers current 2-Tx network deployments while the latter offers a future proof track for the evolution of LTE towards dedicated reference symbols in future network deployments with 4-Tx or more antennas at eNB. Additionally, we make the following observations:
· TM2 and TM3 are open-loop modes, and their study could be justified as such besides closed-loop modes such as TM4/TM6 and TM9. However, we note that TM2 interference structure is different wrt. TM6 in the sense that it is coupled across two adjacent subcarriers. Hence, TM6 is slightly preferred in that respect. 
· A well-known drawback with CRS-based mode in general are CRS collisions: besides leading to pessimistic CSI reporting under partial network load, IRC gains may be reduced in practice because CRS REs do not carry the same spatial signature as precoded data in the interfering cell. DM-RS based processing is more appealing in that respect since DM-RS experience DM-RS interference from other cells which scales with data transmission (power, precoding) in those cells.
· TM9 will mostly operate over 4-Tx antennas (SU-/MU-MIMO), which means different structure of the interference compared to 2-Tx because of increased beamforming gain (i.e. so-called “flashlight effect”).
· MIMO configuration in serving/interfering cell: Based on the above considerations, we propose to focus on 2x2 antenna configurations for CRS-based studies and 4x2 configurations for DM-RS based investigations, as these are the most representative of existing and future LTE network deployments. For simplicity, we propose to consider uniform linear arrays (ULA) at both eNB and UE sides. Low spatial correlation for 2x2 is likely suitable, more discussion is needed for the 4x2 case.
· Rank in serving cell: Since most of the benefits for IRC receivers are found at cell-edge where rank-1 transmissions typically take place, we propose to focus on this case without excluding the possibility to look at IRC gains for cell-center UEs at a further stage. 
· MCS level and/or link adaptation: We propose to use fixed MCS levels as baseline, because: 

1. Ultimately, fixed reference channels (FRC) will be used in demodulation tests for advanced receivers. 

2. Link adaptation involves complex mechanisms and related assumptions may differ a lot among companies. This may lead to difficulties when comparing the results, as has been the case typically when RAN4 has made use of such simulations in the past.
Related to the specific choice of the fixed MCS levels, to our view these should be selected such that geometries of interest fall in the vicinity of 50% relative throughput
 for each considered MCS. One guarantees in that way sufficient gain of IRC vs. baseline receiver. Link level simulation results provided in Tables 1-2 in Annex A show that I_MCS = 7 and I_MCS=11 satisfy such condition respectively for G=-3 dB and G=0 dB and are thus good candidates for upcoming link level studies.
· UE feedback configuration: CRS/CSI-RS-based CQI and PMI feedback, assuming for instance PUSCH 3-1 reporting mode.
· Resource allocation: Two options are feasible:
1. Narrow-band resource allocation in the serving cell (e.g. 6 PRB contiguous in frequency), likely matched with similar narrow-band resource allocation in interfering cells: in this case the signal of interest faces one interferer (with random PMI/RI/MCS) per interfering cell across the allocated resources.
2. Full-band resource allocation (50 PRB) in the serving cell, which would make sense to couple with narrow-band resource allocations in interfering cells: in this case the signal of interest faces multiple interferers (with random PMI/RI/MCS) per interfering cell across the allocated resources. 
Option 1 would better fit non-finite buffer traffic and usage of FDPS encountered in practical scenarios. On the other hand, Option 2 would allow capturing an average gain for IRC receivers under frequency selective dominant interferers, and thus Option 2 is slightly preferred in that respect.

Parameters for the interfering cell(s)

· Number of interfering cells: It is observed in a companion paper [2] that overall five interfering cells contribute to most of the interference. A closer look at median DIPs conditioned to geometries of interest (-3 dB, 0 dB) shows that DIP1 and DIP2 are around -3 dB and -6 dB, respectively, while further DIP values DIPk (k≥3) are below -12 dB and their contribution to the total interference is small. Therefore, we propose to model two interfering cells in link level investigations.
· Transmit mode in interfering cell: This needs to be selected in accordance with the transmit mode in the serving cell, i.e. TM4 for interfering cells when TM6 is considered in the serving cell, and likewise TM9 with rank-1/2 in interfering cells with TM9 rank-1 in the serving cell. 
· Rank distribution in interfering cells: Based on data provided in [2], ~85% rank-1 and ~15% of rank-2 transmissions in interfering cells is a reasonable assumption assuming 2x2 MIMO configuration, while ~70% rank-1 and ~30% rank-2 would be more representative of 4x2 MIMO configurations.
· MCS & PMI for interfering cells: Randomly modulated data with random rank (obeying above probabilities) and corresponding random PMI (if applicable).
· Resource allocation & granularity: Selected in accordance to Option 1 & 2 above for the serving cell.
The proposed parameters for serving and interfering cells are summarized in Table 4 in Annex.
Interference covariance estimation
Interference covariance matrix estimation is a key aspect for harvesting IRC gains for UE demodulation in practice, and the following techniques have been mentioned to date:
· Data-based: interference covariance matrix is directly estimated based on received data samples (includes wanted & interference signal components + noise);
· CRS/DM-RS based: interference covariance matrix is estimated at reference symbol (RS) locations based on the residual signal once the own cell contribution has been removed.
In references [9]

 REF _Ref308075622 \r \h 
[12]

 REF _Ref308188378 \r \h 
[14], RS-based and data-based interference covariance estimation methods have been compared already with the conclusion that RS-based techniques offer superior performance in throughput over a wider SNR range compared to received data covariance based methods. Further, the study item offers a good opportunity to study these different techniques and typical freedom of implementation should naturally be allowed in further work item phase.
Related to frequency domain averaging of interference covariance, on one hand, the averaging length in frequency and time directions should be chosen small enough to capture properly interference dynamics [9]. On the other hand, the averaging width could also be unspecified during the study phase allowing each company to find the most suitable approach. From another perspective, the UE is unaware of the granularity of the interference, which heavily depends on transmission modes and types of resource allocation used in other cells. This leads us to consider the worst case of 1 PRB granularity for the interference. The situation is somewhat similar to TM7/8 demodulation with 1 PRB as worst case assumption for precoding granularity. The advantage in considering 1 PRB as baseline for interference estimation during the study item phase is that it allows easier/better comparison of results (i.e. IRC gains) from different sources. 
3
Conclusions
In this contribution we shared our views on the next steps of the study item on advanced receivers for LTE, focusing on remaining aspects of link level investigations to be performed by RAN4#62. 
A proposal for updated link level parameters is provided in Table 4 in Annex.
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Annex A – Simulation results
Table 1: Throughput performance for baseline MMSE receiver with fixed MCS at G=-3 dB
	I_MCS
	I_TBS
	Mod
	Payload
	Phy Bits
	#CB
	CR
	Achieved relative Tput
	Max Tput [bit/s]
	Tput [bit/s]

	0
	0
	2
	1384
	13200
	1
	0.106666667
	100.0%
	1384000
	1.38E+06

	1
	1
	2
	1800
	13200
	1
	0.138181818
	99.6%
	1800000
	1.79E+06

	2
	2
	2
	2216
	13200
	1
	0.16969697
	98.1%
	2216000
	2.17E+06

	3
	3
	2
	2856
	13200
	1
	0.218181818
	91.5%
	2856000
	2.61E+06

	4
	4
	2
	3624
	13200
	1
	0.276363636
	80.9%
	3624000
	2.93E+06

	5
	5
	2
	4392
	13200
	1
	0.334545455
	68.4%
	4392000
	3.00E+06

	6
	6
	2
	5160
	13200
	1
	0.392727273
	54.8%
	5160000
	2.83E+06

	7
	7
	2
	6200
	13200
	2
	0.475151515
	41.1%
	6200000
	2.55E+06

	8
	8
	2
	6968
	13200
	2
	0.533333333
	39.0%
	6968000
	2.72E+06

	9
	9
	2
	7992
	13200
	2
	0.610909091
	36.2%
	7992000
	2.89E+06

	10
	9
	4
	7992
	26400
	2
	0.305454545
	24.9%
	7992000
	1.99E+06

	11
	10
	4
	8760
	26400
	2
	0.334545455
	20.2%
	8760000
	1.77E+06

	12
	11
	4
	9912
	26400
	2
	0.378181818
	15.8%
	9912000
	1.57E+06

	13
	12
	4
	11448
	26400
	2
	0.436363636
	10.9%
	11448000
	1.25E+06

	14
	13
	4
	12960
	26400
	3
	0.494545455
	5.5%
	12960000
	7.13E+05

	15
	14
	4
	14112
	26400
	3
	0.538181818
	3.9%
	14112000
	5.50E+05

	16
	15
	4
	15264
	26400
	3
	0.581818182
	1.8%
	15264000
	2.75E+05


Table 2: Throughput performance for baseline MMSE receiver with fixed MCS at G=0 dB
	I_MCS
	I_TBS
	Mod
	Payload
	Phy Bits
	#CB
	CR
	Achieved relative Tput
	Max Tput [bit/s]
	Tput [bit/s]

	0
	0
	2
	1384
	13200
	1
	0.106666667
	100.0%
	1.38E+06
	1.38E+06

	1
	1
	2
	1800
	13200
	1
	0.138181818
	100.0%
	1.80E+06
	1.80E+06

	2
	2
	2
	2216
	13200
	1
	0.16969697
	100.0%
	2.22E+06
	2.22E+06

	3
	3
	2
	2856
	13200
	1
	0.218181818
	100.0%
	2.86E+06
	2.86E+06

	4
	4
	2
	3624
	13200
	1
	0.276363636
	100.0%
	3.62E+06
	3.62E+06

	5
	5
	2
	4392
	13200
	1
	0.334545455
	96.6%
	4.39E+06
	4.24E+06

	6
	6
	2
	5160
	13200
	1
	0.392727273
	95.8%
	5.16E+06
	4.94E+06

	7
	7
	2
	6200
	13200
	2
	0.475151515
	77.6%
	6.20E+06
	4.81E+06

	8
	8
	2
	6968
	13200
	2
	0.533333333
	71.4%
	6.97E+06
	4.98E+06

	9
	9
	2
	7992
	13200
	2
	0.610909091
	55.2%
	7.99E+06
	4.41E+06

	10
	9
	4
	7992
	26400
	2
	0.305454545
	53.6%
	7.99E+06
	4.28E+06

	11
	10
	4
	8760
	26400
	2
	0.334545455
	51.4%
	8.76E+06
	4.50E+06

	12
	11
	4
	9912
	26400
	2
	0.378181818
	44.7%
	9.91E+06
	4.43E+06

	13
	12
	4
	11448
	26400
	2
	0.436363636
	42.2%
	1.14E+07
	4.83E+06

	14
	13
	4
	12960
	26400
	3
	0.494545455
	33.4%
	1.30E+07
	4.33E+06

	15
	14
	4
	14112
	26400
	3
	0.538181818
	30.5%
	1.41E+07
	4.30E+06

	16
	15
	4
	15264
	26400
	3
	0.581818182
	25.7%
	1.53E+07
	3.92E+06


Annex B – Simulation Assumptions
Table 3: Initial simulation assumptions for link-level evaluations.

	Parameter
	Scenario 1

(CRS based)
	Scenario 2

(DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	FFS
	FFS

	Transmission mode on interference cell
	FFS
	FFS

	Number of transmission ranks for interference signals
% of rank-1 and % of rank-2
	Randomly changing from subframe to subframe
Frequency granularity is FFS

	MIMO configuration
	FFS
	FFS

	Channel model and Doppler frequency, 
	EVA, 3km/h, 
Use different channel seed for between cells

	CRS configuration
	2 CRS 

	CSI-RS configuration
	None
	FFS

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	UE feedback configuration
	FFS
	FFS

	Target MCS
	Fixed MCS

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	FFS

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


Table 4: Proposed simulation assumptions for link-level evaluations (additions to Table 3 in red).

	Parameter
	Scenario 1

(CRS based)
	Scenario 2

(DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	TM6
	TM9 (rank 1)

	Transmission mode on interference cell
	TM4
	TM9 (rank-1 and rank-2)

	Number of interfering cells
	2

	Traffic model for interfering cells
	Full buffer

	Number of transmission ranks for interference signals
% of rank-1 and % of rank-2
	Randomly changing every 3 PRB

	
	85% rank-1 and 15% rank-2
	70% rank-1 and 30% rank-2

	MIMO configuration
	2x2 ULA, low correlation
	4x2 ULA, correlation TBD

	Channel model and Doppler frequency, 
	EVA, 3km/h, 
Use different channel seed for between cells

	CRS configuration
	2 CRS 

	CSI-RS configuration
	None
	4 CSI-RS ports (5 ms periodicity)

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	UE feedback configuration
	PUSCH 3-1

Feedback periodicity: 1 ms
	PUSCH 3-1

Feedback periodicity: 5 ms

	Target MCS
	I_MCS=7 (for studies targeting G=-3 dB operation point)
I_MCS=11 (for studies targeting G=0 dB operation point) 

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 PRB

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum



