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Discussion
1
Introduction

During RAN#59 plenary it has been agreed to start a new RAN1/4 Rel-12 study item on network-assisted interference cancellation and suppression (NAICS) for LTE UE [1]. The very first objectives for RAN1 were to identify the realistic deployment scenarios and corresponding parameterization while RAN4 needs to identify and evaluate the performance/complexity trade-off and the implementation feasibility of the candidate receiver structures. Some receiver algorithm terminology was already discussed in [2] by RAN4. 
In this paper we present link level simulation results on widely linear MMSE (WLMMSE). We also present system level modelling and system level simulation results to gain more insight into system performance when using WLMMSE receiver. Agreed NAICS scenarios from RAN1 are used [3], [4]. The studied receiver structures were described in more detail in [5] and the finite buffer traffic is used as described in [6].
2
Simulation setup

This paper presents both link and system simulations of inter-cell interference mitigation perspective using WLMMSE receiver. Following sections describe the required modelling separately.

2.1 
Link level 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 utilized values. Further details on measuring 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]. The non-finite buffer traffic modelling is also described in [6]. In these simulations we use resource usage (RU) of 60 %.

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


In [5] we have presented the candidate receiver structures, including the detailed description on the WLMMSE estimation. In this contribution we address the inter-cell interference mitigation case, where WLMMSE receiver is compared against LMMSE-IRC and MRC receivers as known up to Rel-11. The results also show L-CWIC and ML receiver for benchmarking. To be noticed, 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 suppression performance, real valued modulation is assumed in the interfering cells. Coordinating the modulation type is the only coordination aspect required by the WLMMSE receiver. All new non-linear receivers require and benefit from other form of network coordination which typically results in more complex coordination strategies. In the inter-cell interference mitigation case, 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. Coordination of transmission rank and modulation format is also considered as a network coordination enhancement. However, random precoding in interfering cells is applied which excludes coordinated beamforming type of CoMP in this study.
2.2
System level simulation setup
System-level studies of network coordination are useful to assess the benefit of different network assisted technologies. To this end, we have set-up a homogeneous configuration following the assumptions of NAICS Scenario 1 as seen in the table of assumptions in Appendix B. In this set-up, a time-frequency network coordination technique aimed at aiding WLMMSE receivers is compared against the SU-MIMO baseline and other coordination techniques. That is best CoMP performance in scenario 1 which is given by joint transmission. Scenario 1 refers to intra-site coordination, hence this is the only coordination allowed for WLMMSE schemes as well as for the CoMP schemes. 
The network coordination for WLMMSE is based on alignment of modulations between the coordinated sites (in this case only intra-site being coordinated). The objective is that the WL-MMSE receiver will experience as much PAM-type interference as possible without loss in system performance. The types of modulations used are PAM-type and QAM-type (which include all the QAM-type modulations currently used by LTE). UE terminals are computing and providing two types of feed-back to eNB, PAM-CQI and QAM-CQI. The eNBs would use both CQIs to make the link adaptation decision as described below.
· Based on PMI and both CQIs, eNB scheduler can decide for a given allocation, for a given UE, if PAM-type modulations or QAM-type modulations will provide higher performance. The decision includes the assumption of intra-site coordination, that is, interference is considered PAM-type when PAM modulations are tested by link adaptation algorithms. Similarly, when QAM-type modulations are being tested, QAM-type interference is assumed. Note that the interference assumption, hence the coordination is done intra-site, the rest of the interference being assumed as QAM-type interference. 
· If PAM-type modulation is considered beneficial, then eNB sends a request for other eNBs to use. PAM-type modulation in the respective allocation. Otherwise, QAM-type modulation is used. 
As the allocation is intra-site only, the actual interference is a mixture of QAM-type and PAM-type, where QAM-type interference originates from inter-site interferers. The number of PAM modulations to have is still open, but we consider 2-, 4-, and 8-PAM with different coding rates. QAM modulations follow LTE specifications. 
3
Simulation results
3.1 
Link level results
The performance of the WLMMSE receiver is depicted in Figure 1. The comparison is made against baseline MRC and IRC receiver as well as against a SIC and ML receivers. The only coordination aspect for the WLMMSE receiver is that interfering cells are scheduling M-PAM modulation. 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. One additional common coordination aspect is that all cells, including the serving cell, use rank 1 transmission at all times. 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. On the other hand, the RU of 60 % indicates relatively high load and the above-mentioned fall back situation is not common. Link adaptation and OLLA are used in the serving cell.
The simulations for SIC and ML receiver were assuming either QPSK or 16QAM modulated signal in the interfering cells. If comparing QPSK cases, the SIC receiver is able to outperform the WLMMSE receiver but ML receiver performance is at similar level. While going to 16QAM modulated signal, the WLMMSE receiver performs the best. One reason for good LMMSE-IRC and WLMMSE 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 WLMMSE receiver in NAICS scenario 1.
3.2 
System level results
The results from system level studies are shown in Table 2. We can observe that the realistic intra-site coordination for WLMMSE receiver provides better coverage gain than. The baseline consists in single user transmission while the CoMP schemes are joint transmission and dynamic point selection, all these being applied in NAICS scenario 1. In case of WLMMSE scheme, the modulation coordination was confined to the intra-site, further gains are possible if the modulation coordination is happening wider in the network, as shown in Table 2.
Table 2. System level performance

	Technology / Configuration
	Coverage [bps/Hz/UE]

[Gain %]
	Average-cell SE [bps/Hz/cell]

[Gain %]

	Baseline
	0.0477
	1.979

	CoMP DPS
	 0.0503 [+5%]
	1.974 [+0% ]

	CoMP JT
	0.0507 [+6%]
	1.966 [-1%]

	WLMMSE Intra-site only
(M-PAM-QAM link adapt per alloc.)
	0.0536 [+12%]
	1.958 [-1%]

	WLMMSE Full-network coord.
	0.0619 [+30%]
	1.965 [-1%]


4
Conclusion
In this paper, we have studied the WLMMSE receiver performance at link and system level. At the link level, WLMMSE receiver can achieve similar or better performance than the SIC or ML receiver depending on the modulation level. Relatively simple coordination of modulation format is required by the WLMMSE receiver to achieve this while the UE implementation complexity is lower compared to other non-linear receivers. The benefits of modulation coordination and WLMMSE utilization have been shown by improved system level performance. Indeed, better coverage can be obtained compared to existing CoMP techniques, while the coordination mechanism does not require any significant changes with respect to the current Release 11 specification as the feedback mechanism can be reutilized.
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Appendix A: Link level simulation parameters

Table 3. 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

	MCS in interfering cells
	fixed MCS, random precoding, Rank 1

	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, LMMSE-SIC 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: Inter-arrival-time
	Poisson distribution, lambda = 0.37 packets per second

	Traffic model in interfering cell: Packet size
	0.5 Mbytes

	Traffic model in interfering cell: Assumed download spectral efficiency
	2 bps per Hz


Appendix B: System level simulation parameters

Table x. System-level simulation assumptions
	Parameter
	Value

	Compared technologies
	CoMP
WLMMSE receiver

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Deployment scenarios
	NAICS Scenario 1, Full ITU Uma.
For outdoor UEs : 0dB
For indoor UEs : 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Carrier frequency
	2.00 GHz

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Number of Ues
	10 UE / macro geographical area / Uniform UE dropping
20% outdoor UEs
80% Indoor UEs

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	LMMSE and WLMMSE

	Channel estimation for feedback and demodulation
	Ideal

	UE Feedback (technology dependent)
	Rank adaptation; Frequency selective CQI and wideband PMI (Release 8 CB)
CoMP:  two points DPS 
WLMMSE receiver: two CQIs

	Degree of coordination
	CoMP : Intra-site coordination
WLMMSE: Intra-site coordination and full-network coordination

	Scheduler
	TD-FD; PF-PF

	Handover margin
	3 dB

	Traffic model
	Full buffer


