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Discussion
1
Introduction

This paper presents link level simulation results for different NAICS receiver algorithms as in [2] including widely linear MMSE IRC (WLMMSE-IRC), L-CWIC and ML algorithms. The description of the algorithms can be found in [5]. The simulations in this paper are performed in NAICS Scenario 1 as defined by RAN1 in [3] and [4] while also taking into account the recent development in required finite buffer traffic modeling in interfering cells [8]. The interference modeling is also discussed in companion paper [9]. Hence, the results shown in this paper are updated from [7] to align with the recently agreed scenarios. 
2
Simulation setup

In the inter-cell interference mitigation case, link simulations are conducted where interference is explicitly modelled by transmission from multiple interfering base stations. The simulation scenario is defined by assuming certain interferer power to other cell noise ratio (Dx/Noc) and serving cell power to other cell noise ratio (ES/Noc) conditioned on a geometry factor value range, see Table 1 for the assumed values. Further details on how to obtain these values from system simulations can be found from [6]. The considered setup is NAICS Scenario 1, i.e. homogenous hexagonal cell grid [3] and [4]. 

Table 1: Finite Buffer link simulation parameters in NAICS Scenario 1.

	Geometry factor [dB]
	D1/Noc [dB]
	D2/Noc [dB]
	ES/Noc [dB]

	-6
	3.76
	1.33
	1.31

	-3
	11.23
	3.52
	9.46

	0
	6.37
	1.30
	8.89

	3
	6.41
	0.56
	11.69

	6
	5.26
	0.34
	13.93

	9
	4.78
	0.50
	16.68

	12
	4.21
	0.84
	19.46

	15
	5.40
	3.46
	23.75


The finite buffer traffic model for the interfering cells is described in [8] and further discussed in [6]. These simulations comply with the traffic assumptions targeting to a resource usage (RU) of 40 %. The used MCS for each packet is randomized upon arrival of each packet. The applied MCS distributions for rank 1 and rank 2 transmissions are shown in Table 2 and Table 3, respectively. The simulations assume probability of 64 % for rank 1 transmission.
Table 2. MCS distribution for rank 1 transmission.

	
	MCS1
	MCS2
	MCS3

	MCS number 
	7
	16
	24

	Probability [%]
	36
	53
	11


Table 3. MCS distribution for rank 2 transmission.

	
	MCS1
	MCS2
	MCS3

	MCS number 
	6
	16
	25

	Probability [%], codeword 1
	18
	54
	28

	Probability [%], codeword 2
	18
	54
	28


In reference [5] we have presented the candidate receiver structures, including the detailed description of WLMMSE-IRC estimation. In this contribution we address the inter-cell interference mitigation case, where WLMMSE-IRC receiver is compared against LMMSE-IRC and MRC receivers as known up to LTE Rel-11. The results also show L-CWIC and ML receiver performance for benchmarking purposes. To be noted, the full-blown ML receiver without any complexity reduction is assumed in this case. i.e., it provides the ideal performance with the cost of extremely high complexity. For good WLMMSE-IRC suppression performance, real valued modulation would be needed in the interfering cells. In these simulations, the offered load has been adjusted for the WLMMSE-IRC case in order to allocate M-PAM modulation. In fact, M-PAM modulation is used only when a packet would be using rank 1 transmission according to the original distribution. If the MCS would be equivalent to rank 2 transmission, single QAM modulated codeword is allocated in this case. This is done to maintain the 40 % target RU level. Due to this the offered load in the interfering cell is lower in the WLMMSE-IRC case compared to other cases but the target RU and equivalent but lower rank distribution is maintained. Coordinating the modulation type is the only coordination aspect required by the WLMMSE-IRC receiver. The transmission mode assumes DM-RS. Hence, SIC and ML receivers need to be aware of the DM-RS configuration in the interfering cell. Further performance gain has been obtained by orthogonalizing DM-RS between the cells in order to mitigate extensive channel estimation losses. 
3
Simulation results
The performance of the WLMMSE-IRC receiver is depicted in Figure 1. The comparison is made against baseline MRC and IRC receiver as well as against L-CWIC and ML receivers. The only coordination aspect for the WLMMSE-IRC receiver is that interfering cells are scheduling M-PAM modulation in the rank 1 transmission case. The serving cell may use either M-PAM or legacy QAM modulations depending on the link adaptation. The SIC receiver attempts to detect and soft-cancel the signal from one dominant interfering cell whereas the ML receiver jointly detects bits from serving and dominant interfering cell. The DM-RS configuration and MCS of the interfering stream is assumed to be known by network assistance in the case of SIC and ML receivers. If the dominant interfering cell does not have active transmission due to empty transmission buffer, SIC falls back to IRC receiver and ML falls back to MRC receiver. In other words, it is assumed that cells from which the coordination information is received are selected and configured more statically. Inner and outer loop (OLLA) link adaptation are used in the serving cell.
It can be observed that all NAICS receivers perform similarly, all being slightly better than the baseline. One reason for good LMMSE-IRC and WLMMSE-IRC performance is that they are not limited to mitigating only one cell but they can benefit of mitigating any active cell. Note that similar performance level at geometry factors -3 and 0 dB is caused by similar ES/Noc level.
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Figure 1. Throughput performance of NAICS receivers in Scenario 1.
4
Conclusion
In this paper, we have studied the NAICS receiver performance at link level. 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. 
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Appendix A: Simulation parameters

Table 4. Link level simulation parameters
	Parameter
	Value

	Carrier frequency and bandwidth
	2 Ghz, 10 MHz

	cell timing in the network
	Synchronous

	Interference scenario
	NAICS scenario 1 (homogenous)

	Interference level values
	Refer to Table 1

	Number of explicitly modeled interfering cells
	2

	Rank and MCS in interfering cells
	From the distribution in Table 2 and 3

	CRS configuration 
	2 AP CRS, same shift applied in all cells 

	Resource allocation
	Wideband, 50 PRB

	Cyclic prefix
	Normal

	Propagation channel
	EVA5, spatially uncorrelated

	Transmission mode
	TM10, 2x2 wideband precoded rank-1 MIMO

	Codebook
	Rel-8 2-tx codebook

	PMI granularity
	Wideband, 50 PRB

	HARQ
	Up to 3 retransmissions

	Serving cell transmission
	Rank-1, link adaptation, outer loop link adaptation

	Receiver algorithms
	LMMSE-MRC , LMMSE-IRC (as in TR36.829), WLMMSE-IRC, L-CWIC and ML

	Channel estimation
	DM-RS based estimation, increased DM-RS orthogonalization

	CQI estimation
	CSI-RS and IMR based estimation, 5 subframe periodicity

	Traffic model in interfering cell: resource usage
	40 %

	Traffic model in interfering cell: Packet size
	0.5 Mbytes
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