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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 are for RAN1 was to identify the realistic deployment scenarios and corresponding parametrization 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 further initial simulation results of advanced receivers also aligned with the agreed NAICS scenario from RAN1 [3],[4]. The studied receiver structures were described in more detail in [5].
2
Simulation setup

In the following we present initial simulation results showing the advanced receivers potential from SU-MIMO as well as inter-cell interference cancellation perspective. Due to the different interference characteristics, the interference modelling of the link simulations vary. The SU-MIMO link simulations assume white Gaussian intercell interference whereas explicitly modelled inter-cell interference is assumed for the inter-cell interference mitigation simulations. The simulation assumptions are summarized in the appendix.
Without loss of generality, the case of IS/IC in a single user MIMO setup can be considered first. Indeed, such a case can be seen as good generic starting point: in a two stream transmission case, one can make an analogy between two streams intended to a user and the case of two streams when one can be a desired stream while the other can represent intra- or inter-cell interference. 

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 Dominant Interference Profiles (DIPs) for the interfering cells conditioned on a geometry factor value, see Table 1 for the utilized values. The median DIP values are obtained from system simulations, where an agreed NAICS system level scenario described in [3] is evaluated and the DIP data is collected. The considered setups are NAICS Scenario 1, i.e. homogenous hexagonal cell grid and scenario 2, i.e. hexagonal cell grid with clustered small cell areas on the same carrier frequency. In these simulations 4 picos are assumed in scenario 2. More details on the applicable scenarios can be found in [3] and [4]. In this study, statistics of both pico and macro UEs is utilized.
	
	NAICS scenario 1
	
	NAICS scenario 2

	G [dB]
	DIP1 [dB]
	DIP2 [dB]
	DIP3 [dB]
	
	DIP1 [dB]
	DIP2 [dB]
	DIP3 [dB]

	-3
	-3.49
	-5.17
	-10.28
	
	-3.64
	-5.61
	-9.45

	0
	-2.16
	-7.96
	-12.51
	
	-1.61
	-8.01
	-13.85

	3
	-2.51
	-7.99
	-11.75
	
	-1.51
	-8.32
	-14.32

	6
	-2.83
	-7.68
	-11.14
	
	-1.52
	-8.28
	-13.73

	9
	-2.99
	-7.67
	-10.49
	
	-1.74
	-7.96
	-12.80

	12
	-3.30
	-7.33
	-9.67
	
	-1.86
	-7.70
	-11.94

	15
	-3.38
	-5.99
	-10.13
	
	-2.22
	-7.24
	-11.56


Table 1. Median DIP values for simulated Gs.

Candidate receiver structures are extensively discussed in [5]. In this paper we compare performance of the new candidate algorithms such as SIC receiver against receiver structures known in Rel-11. In other words, in SU-MIMO case, SIC receiver performance is compared against LMMSE-IRC receiver. The applied MIMO transmission mode is TM4.
In the inter-cell interference mitigation case, comparison is made against LMMSE-IRC and MRC receivers as known up to Rel-11. The new studied receiver is based on linear codeword level SIC (L-CWIC in [2]) algorithm and extensions of LMMSE-IRC algorithm. The group of improved LMMSE-IRC algorithms apply widely linear MMSE (WLMMSE) estimation algorithm for exploiting additional degrees of freedom compared to LMMSE-IRC. All receivers require and benefit from some form of network coordination. In the inter-cell interference mitigation case, the transmission mode assumes DM-RS and some receivers need to be aware on the DM-RS configuration in the interfering cell. 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.
3
Link performance results
3.1 
Performance SU-MIMO receiver enhancements
Inter-stream interference, understood here as SU-MIMO, can be readily investigated as the needed information is implicitly known to the UE through DCI signaling. In the current simulated SU-MIMO setup, the dual layer closed-loop TM4 mode was considered, futher simulation assumptions are presented in the Appendix. The L-CWIC receiver detects and cancels the signal from the interferering desired stream. Results in Figure 1 indicate a good performance improvement of L-CWIC, aka. codeword level LMMSE-SIC, over the LMMSE-IRC baseline. This is more visible especially in the SNR territory of rank-2 operation. Hence, LMMSE-SIC receiver should be studied further in SU-MIMO context.
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Figure 1. Throughput performance of SIC receiver in SU-MIMO in EPA and EVA channels.

3.2 
Performance of inter-cell interference mitigation enhancements

The studied inter-cell interference mitigation enhancements are twofold. Firstly improved receiver algorithms are studied and secondly some level of coordination may be assumed in the transmitter. The studied receiver algorithms in the following sections are: widely linear MMSE (WLMMSE) and codeword level SIC algorithms. One common coordination aspect is that all cells, including the serving cell, use rank 1 transmission at all times. On the other hand, it is assumed in general that MCS and precoding are random in the interfering cells unless otherwise stated.
3.2.1
Widely linear MMSE receiver performance

The WLMMSE receiver can utilize the additional degrees of freedom from the real and imaginary part to enhance suppression of interference. However, in order to achieve the gain, a level of coordination is required in the transmission. In these simulations, all three interfering cells are limited to transmit rank 1 transmission using M-ary PAM or M-ary QAM modulation. The precoding is still random and the modulation order of the M-PAM or M-QAM signal may change. In other words, slow coordination on limited rank and modulation transmission is sufficient making this an alternative for realistic backhaul conditions. Figure 2 demonstrates performance gain of WLMMSE receiver when M-PAM modulated interference is transmitted from the 3 modeled interfering cells. The selected MCS in the serving cell is equal for all schemes in the left figure or targeting to 10 % first transmission packet error rate in the right figure. The simulation is carried out at geometry factor of 0 dB assuming DIP profile as in the NAICS scenario 2 for the 3 dominant interfering cells. The rest of the interference is modelled as white Gaussian noise and it is still complex valued like in the baseline case. Note that LMMSE-IRC receiver performance does not improve when interference is M-PAM modulated.

The simulation results in Figure 3 apply similar simulation approach but now link adaptation is allowed for the serving cell based on the UE CQI reports and also the MCS of the serving cell signal may be M-PAM modulated if requested by the UE. Clear performance gain is achieved over the baseline LMMSE-IRC both in scenario 1 and 2. Hence, it is proposed that the Performance of WLMMSE-IRC detector should be studied further. As the performance is improved by the network coordination the WLMMSE-IRC receiver should also be taken into account in RAN1 studies of coordination assistance. 
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Figure 2. Performance of LMMSE and WLMMSE receivers with equal 16-QAM MCS (left) or with MCS targeting 10 % first transmission packet error rate (right).
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Figure 3. Throughput performance of widely linear MMSE receiver in NAICS scenario 1 (left) and 2 with 4 picos (right).

3.2.2 
linear codeword level SIC receiver performance

The performance of the linear codeword level SIC receiver in an inter-cell interference cancellation context is shown in Figure 4. The SIC receiver attempt to detect and soft-cancel the signal from one dominant interfering cell. The DM-RS configuration and MCS of the interfering stream is assumed to be known by network assistance. The impact of the interfering modulation has been investigated from two perspectives, representing in fact two extreme cases. A lower bound can be achieved by assuming the interfering modulation being completely random and hence no network assistance is utilized. In this case, as can be see in Figure 4, the performance improvements over LMMSE-IRC are modest. An upper bound can be obtained by applying a very low coding rate coded QPSK MCS in the interfering cell. In this extreme case, significant gain can be achieved. This situation would also correspond to a network assisted case at its best. As network assisted SIC receiver shows large gain potential in terms of inter-cell interference suppression it should be studied further.
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Figure 4. Throughput performance of SIC receiver in NAICS scenario 1 (left) and 2 with 4 picos (right).
4
Conclusions

In this paper, we have first demonstrated the performance gains of linear codeword level SIC receivers in SU-MIMO case. Secondly, it has been shown that WLMMSE-IRC and SIC receivers can improve inter-cell interference suppression gain by using varying levels of coordination. We have also demonstrated that extensions on the LMMSE-IRC receiver could be considered further by loosely coordinating the modulation order and applying WLMMSE filtering. In summary, we propose to:

· Study further the linear codeword level LMMSE-SIC receiver as a candidate to enhance SU-MIMO and inter-cell interference cancellation performance.

· Study further the WLMMSE-IRC detector. As the performance is improved by the network coordination the WLMMSE-IRC receiver should also be taken into account in RAN1 studies of coordination assistance.
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Appendix: Simulation parameters

Table 2. SU-MIMO simulation parameters

	Parameter
	Value

	Carrier frequency
	2 Ghz

	Interference scenario
	White Gaussian

	Bandwidth
	10 MHz

	Resource allocation
	50 PRB

	Cyclic prefix
	Normal

	Propagation channel
	2x2 EPA5/EVA5, spatially uncorrelated

	Transmission mode
	SU-MIMO, TM4

	MCS
	Link and rank adaptation

	Receiver algorithms
	LMMSE-IRC, LMMSE-SIC

	Channel estimation
	Realistic

	PMI feedback
	Follow wideband PMI

	PCFICH
	CFI=2


Table 3. Inter-cell interference mitigation simulation parameters

	Parameter
	Value

	Carrier frequency and bandwidth
	2 Ghz, 10 MHz

	cell timing in the network
	synchronous

	Interference scenario
	Based on:

1) NAICS scenario 1 (homogenous)
2) NAICS scenario 2 (non-clustered heterogenous assuming 4 Picos in macro coverage area)

	DIP values
	Refer to Table 1

	Number of explicitly modelled interfering cells
	3

	MCS in interfering cells
	The following cases are considered:

· LMMSE/IRC & SIC receivers: Random MCS, random precoding, Rank 1 (reference)
· Coordinated WLMMSE receiver: Random MCS (M-ary PAM), random precoding, Rank 1

· Coordinated SIC receiver: Fixed lowest possible MCS, random precoding, Rank 1

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

	Resource allocation
	Wideband, 50 PRB

	Cyclic prefix
	Normal

	Propagation channel
	EPA5, 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(as in R4-131791), LMMSE-SIC(as in R4-131791)

	Channel estimation
	DM-RS based estimation

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


