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1. Introduction

The prior RAN4 WG studies have indicated feasibility of using NAICS receivers in application to the scenarios when both serving and interference cells use the same transmission modes (TM9/TM9 and TM4/TM4) and under assumption that the dominant interferer and the serving cell have colliding CRS patterns. At the same time, NAICS receivers can be considered in application to different scenarios with regards to the TMs, CRS patterns, and transmission parameters. In the previous RAN4 WG meeting, we have provided the detailed set of simulation results for the mixed TM scenarios (TM9/TM4 and TM4/TM9) and scenarios with non-colliding CRS pattern for the dominant interferer (TM4/TM4, TM9/TM9). The respective results and observations can be found in [1]. In this contribution, we continue analysis of NAICS receivers performance in application to different TMs and address the scenarios involving the Transmit Diversity (SFBC) MIMO transmissions in the serving and interference cells, including the TM2/TM2, TM2/TM4 and TM4/TM2 scenarios.
2. Discussion on NAICS receiver assumptions
In this paper, we analyse the NAICS receiver in application to the scenarios when serving and interference cells use Transmit Diversity (SFBC) MIMO schemes (i.e. TM2/TM2) and scenarios with mix of SFBC and spatial multiplexing modes (TM2/TM4 and TM4/TM2). So far, there were no detailed discussion in RAN4 on the receiver assumptions for those scenarios and below we share views on the two important aspects.

Number of processed spatial layers

In accordance to the current RAN4 agreements “… the scope of Rel-12 NAICS is to limit total layers (serving + interfering) up to 3 and one PDSCH”. Meanwhile, the SFBC MIMO scheme is based on the joint spatial encoding of the two transmit symbols on the neighbouring REs. Therefore, the optimal useful signal receive processing involves combining of the respective signals on different subcarriers. Hence, for the case of 2 CRS APs and serving cell SFBC transmission, the UE needs to handle an effective receive signal with 2 spatial layers and 4 effective receive antennas. In case of using enhanced IS/IC processing, similar signal combining should be applied for the interference receive signal as well. Therefore, the total number of handled layers for the complete interference handling would increase (see Table 1).

Table 1. Number of effective spatial layers for R-ML receiver
	Interference cell
MIMO scheme 
Serving cell 
MIMO scheme
	Transmit Diversity (SFBC)
	SM Rank 1
	SM Rank 2

	Transmit Diversity (SFBC)
	4
	4
	6

	SM Rank 1
	4/3*
	2
	3

	SM Rank 2
	6/4*
	3
	4


Note: * X/Y denotes number of layers for SFBC aware/unaware processing respectively (see below for more details)

It can be seen that for many combinations of the serving/interference cells MIMO schemes, the total number of layers required for optimal joint signal processing exceeds the current RAN4 agreements with respect to the NAICS receiver complexity (marked yellow). To reduce the processing complexity, several interference layers can be whitened prior to NAICS processing to limit the total number of layers to 3. Of course, pre-whitening would come at the cost of certain performance degradation. However, as shown in Section 3, the actual performance degradation is rather low and the   R-ML performance for 3 layers processing still substantially exceeds the LMMSE-IRC case. Therefore, it can be recommended that the minimum performance requirements for the respective scenarios are defined under assumption that UE applies up to 3 spatial layers R-ML/SLIC and applies whitening of the residual interference and remaining dominant interferer layers.
Proposal #1: The minimum performance requirements for the SFBC/SFBC and SFBC/SM scenarios are defined under assumption that UE applies up to 3 spatial layers receive processing.

SFBC aware/unaware processing

For the case when both serving and interference cells have SFBC transmissions (SFBC/SFBC scenario), if UE detects the SFBC interference it is reasonable to exploit this knowledge to improve the demodulation performance. 

For the case when the serving cell has SM transmission and interference cell has SFBC transmission (SM/SFBC scenario), there are two general approaches for the receiver implementation:

· Option 1: SFBC-aware processing. UE takes into account the special interference structure via signal combining of the two adjacent REs. This approach is more optimal, however comes at the cost of increased demodulation and blind detection complexity.

· Option 2: SFBC-unaware processing. In this case, UE treats the interference as the SM rank 2 signal. This approach would result in the reduced performance. However, the demodulation and blind detection complexity is less impacted in case of the SM based serving cell signal. In particular, in this case the UE may not apply the SFBC blind detection, hence substantially reducing the complexity.
The results of the performance analysis in Section 3 show that SFBC-aware processing provides substantial performance improvement for the SFBC/SFBC scenario, while the gains for the SM/SFBC scenarios are reduced. Based on these observations and taking into account complexity aspects we think that the minimum performance requirements for the SFBC/SFBC scenarios should be defined under assumption of SFBC-aware processing. Meanwhile, for the SM/SFBC scenarios, there is no need to assume SFBC-aware processing. Alternatively, no NAICS test cases can be defined for this scenario.
Proposal #2: The minimum performance requirements for the SFBC/SFBC scenarios are defined under assumption that UE takes into account the actual interference spatial structure (i.e. treat it as the SFBC signal).

Proposal #3: The minimum performance requirements for the SM/SFBC scenarios are defined under assumption that UE treats the interference as the SM signal. Alternatively, no NAICS test cases can be defined for this scenario.
3. NAICS performance analysis

3.1 SFBC/SFBC scenario
In this section, we investigate the NAICS performance in scenarios when both serving and interference cells use SFBC transmissions (e.g. TM2/TM2) for both colliding and non-colliding CRS patterns. The link-level simulation results summary for colliding and non-colliding CRS scenarios is illustrated in Figure 1 and Figure 2, respectively. In Figures 3-4 we also show selected simulation results.
[image: image1.png]9,0
80
7,0
6,0
50
40
30
2,0

00

NAICS SNR gain vs. LMMSE-IRC, [dB]

= Genie R-ML, 4 Layers
= Genie R-ML, 3 Layers
= Blind R-ML, 4 Layers
= Blind R-ML, 3 Layers

MCS #5 MCS #14 MCS #5 MCS #14 MCS #5 MCS #14 MCS #5 Mmcs#14  Interference MCS

MCS #5

Medium INR

MCS #14 MCS #5
High INR

MCS #14 Serving MCS

Interference power profile




Figure 1. TM2/TM2 scenario with Colliding CRS - Performance summary
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Figure 2. TM2/TM2 scenario with Non-Colliding CRS - Performance summary
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	Figure 3. PDSCH throughput, High INR, Colliding CRS
Serv. cell: TM2, MCS #5; Interf. cell: TM2, MCS #5
	Figure 4. PDSCH throughput, High INR, Non-Colliding CRS
Serv. cell: TM2, MCS #5; Interf. cell: TM2, MCS #5


Based on the analysis of the simulation results we make the following observations.
Observations:

· SFBC/SFBC scenario with colliding CRS

· Both genie aided and blind NAICS receivers allow achieving substantial performance gains over LMMSE-IRC. The gains are observed for both high and medium INR and QPSK/QAM16 interference.
· The NAICS receivers with blind interference parameters detection have rather small performance degradation vs the genie-aided receivers (0.1 – 1.3 dB).

· The blind NAICS receivers with 3 layers processing have small performance degradation vs the optimal 4 layers processing receivers (0.0 – 1.0 dB) and still allow achieving substantial performance improvement over LMMSE-IRC receivers (0.7 – 6.2 dB).

· SFBC/SFBC scenario with non-colliding CRS

· NAICS receivers with blind interference parameters detection do not allow achieving noticeable performance gains vs the LMMSE-IRC. In some scenarios, the performance loss vs. the LMMSE-IRC is observed.

3.2 SFBC/SM scenarios

In this section, we investigate the NAICS performance in scenarios when the serving cell uses SFBC transmissions (TM2) while the interference cells use SM MIMO schemes (TM4). The link-level simulation results summary is illustrated in Figure 3 and Figure 4 for the case of rank 1 and rank 2 interference, respectively. The results are provided for the colliding CRS case. In Figures 7-8, we also show selected simulation results.
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Figure 5. TM2/TM4 Rank 1 scenario - Performance summary
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Figure 6. TM2/TM4 Rank 2 scenario - Performance summary
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	Figure 7. PDSCH throughput, High INR, Colliding CRS
Serv. cell: TM2, MCS #5; Interf. cell: TM4, RI = 1, MCS #5
	Figure 8. PDSCH throughput, High INR, Colliding CRS
Serv. cell: TM2, MCS #5; Interf. cell: TM4, RI = 2, MCS #5


Based on the analysis of the simulation results we make the following observations.
Observations:

· SFBC/SM rank 1 scenario with colliding CRS

· NAICS receivers allow achieving noticeable performance improvement in case of rank 1 SM interference. The gains are observed for both high and medium INR and QPSK/QAM16 interference. 

· The NAICS receivers with blind interference parameters detection have rather small performance degradation vs the genie-aided receivers (0.1 – 1.6 dB).
· The blind NAICS receivers with 3 layers processing have small performance degradation vs the 4 layers processing receivers (0.0 – 1.7 dB) and still allow achieving substantial performance improvement over LMMSE-IRC receivers (1.3 – 7.3 dB).

· SFBC/SM rank 2 scenario with colliding CRS

· NAICS receivers allow achieving rather limited performance improvement in this scenario. The largest gains are observed for the high INR and QPSK interference. Almost no gains are observed for other scenarios.
· The blind NAICS receivers with 3 layers processing have rather small performance degradation vs the 4 layers processing receivers (0.0 – 1.3 dB).

3.3 SM/SFBC scenarios

In this section, we investigate the NAICS performance in scenarios when the serving cell uses SM transmissions (TM3) while the interference cells use SFBC MIMO scheme (TM2). The link-level simulation results summary is illustrated in Figure 5. The results are provided for the colliding CRS case. In Figures 10-11, we also show selected simulation results.
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Figure 9. TM4 Rank 1 / TM2 scenario - Performance summary
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	Figure 10. PDSCH throughput, Medium INR, Colliding CRS
Serv. cell: TM4, RI = 1, MCS #5; Interf. cell: TM2, MCS #5
	Figure 11. PDSCH throughput, High INR, Colliding CRS
Serv. cell: TM4, RI = 1, MCS #5; Interf. cell: TM2, MCS #5


Based on the analysis of the simulation results we make the following observations.
Observations:

· SM rank 1 / SFBC scenario with colliding CRS

· NAICS receivers allow achieving noticeable performance improvement in over LMMSE-IRC. The gains are observed for both high and medium INR and QPSK/QAM16 serving cell signals.

· The NAICS receivers with blind interference parameters detection have rather small performance degradation vs the genie-aided receivers (0.0 – 1.7 dB).

· The blind NAICS receivers with 3 layers processing have small performance degradation vs the 4 layers processing receivers (0.0 – 1.0 dB) and still allow achieving substantial performance improvement over LMMSE-IRC receivers (0.5 – 6.9 dB).
· The SFBC-unaware blind NAICS receivers have relatively small loss over SFBC-aware receivers with 3 layers processing (1.0 – 2.0 dB) and still allow achieving substantial performance improvement over LMMSE-IRC receivers (up to 5.4 dB) .
4. Conclusions

In this contribution we have provide the results of NAICS receivers performance in application to different TMs and address the scenarios involving the Transmit Diversity (SFBC) MIMO transmissions in the serving and interference cells. In summary, we make the following proposals:

Proposal #1: The minimum performance requirements for the SFBC/SFBC and SFBC/SM scenarios are defined under assumption that UE applies up to 3 spatial layers receive processing.

Proposal #2: The minimum performance requirements for the SFBC/SFBC scenarios are defined under assumption that UE takes into account the actual interference spatial structure (i.e. treat it as the SFBC signal).

Proposal #3: The minimum performance requirements for the SM/SFBC scenarios are defined under assumption that UE treats the interference as the SM signal. Alternatively, no NAICS test cases can be defined for this scenario.
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Annex – Simulation assumptions
Table 2. Link level simulation parameters
	Parameter
	Value

	Channel
	EPA-5Hz

	System bandwidth
	10 MHz

	Number of interference BS
	2

	Cell ID
	Serving cell: 0

Colliding CRS: Interferer cell #1 - 6, Interferer cell #2 - 1

Non-Colliding CRS: Interferer cell #1 - 2, Interferer cell #2 - 1

	Antenna configuration
	2x2, low correlation

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Interference scenario
	Interference profile - NAICS scenario #1, 40% RU, low SINR Case

Medium INR: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB
High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Interference pattern: ON/ON interference profile

	Useful signal transmission parameters
	Section 3.1 and 3.2: TM2
Section 3.3: TM4, RI = 1

MCS 5: QPSK, Rate 1/3
MCS 14: QAM16, Rate ½

12 PRB resource allocation

	Interference signal transmission parameters
	Section 3.1 and 3.3: TM2
Section 3.2: TM4, RI = 1,2
MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate ½

	Time/Frequency offset
	No time/frequency offsets modelled

	PDCCH/PCFICH transmission parameters
	PDCCH/PCFICH decoding impacts are not taken into account
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