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1 Introduction

The joint blind detection is the most important feature under NAICS WI and it’s also critical to have the same common understanding on the scope of joint blind dection for all the companies so that we can have a better chance to have a better alignment results for the performance phase of WI.
In this contribution we bring our view on the scope of joint blind detection for NAICS receivers together with massive simulation results.
2 Dynamic parameters

It was already agreed all the dynamic parameters such as modulation order, PMI, RI and PDSCH presence can be jointly blindly detected. All these dynamic parameters can change very rapidly from the network scheduler so these should be confirmed as the first thing in the blind detection scope under the performance phase.
Proposal 1: Confirm all the dynamic parameters including modulation order, PMI, RI and PDSCH presence should be in the scope of joint blind detection for NAICS receivers.

3 TM
It’s been shown in [1] the joint blind detection including TM can achieve as good NAICS gain as genie detection. But it was not agreed as a common understanding to include TM into the joint blind detection of NAICS receivers as there is bitmap HL signalling designed to indicate the supported TM from the NC. But it was pointed it out in [2] as following the endorsed CR with no network contrain on TM it will require the UE with the capability to blindly detect the TM so we should include TM into the scope of joint blind detection of NAICS receivers.
Figure 1and 2 shows the TP results for SLIC and E-IRC based on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile. Figure 1and 2 shows the TP results for SLIC and E-IRC based on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 40-60% geometry level, RU=40%, Scenario 1 under I1/No@50%tile. 

All the simulations in Figure 1~4 are using Phase 1 scenario and strongest interferer is with colliding CRS. The results show 3 different curves with different implementation. The genie case assumes all the needed information to be known. The blind detection is based on joint blind detection of system parameters including Pa values, TM, Modulation order, PMI, RI, PDSCH presence and CRS based strongest interferer and PDSCH starting point (CFI). A third option is the IRC baseline receiver. 
In all simulations in this contribution the CRS-IC is assumed based on the agreement that CRS-IC should be taken as one of the NAICS functionalities.
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Figure 1 TP for SLIC on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile
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Figure 2 TP for E-IRC on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile
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Figure 3 TP for SLIC on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 40-60% geometry level, RU=40%, Scenario 1 under I1/No@50%tile
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Figure 4 TP for E-IRC on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 40-60% geometry level, RU=40%, Scenario 1 under I1/No@50%tile

Observation 1: Under conditions with different interference levels the joint detection of of system parameters including Pa values, TM, Modulation order, PMI, RI, PDSCH presence and CRS based strongest interferer and PDSCH starting point (CFI) can achieve comparably good gain when compared to genie case.

Also as pointed in [3] a maximum-three-step approach can be used for TM detection with accepatable complexity comparing to the blind detection of the dynamic parameters.

Observation 2: Blind detection of TM is demonstrated to be feasible in terms of performance (no degradation of the performance for 1 PRB-pair PDSCH allocation) while adding small complexity compared to the overall NAICS complexity.
Proposal 2: Confirm TM should be in the scope of joint blind detection for NAICS receivers.
4 PDSCH start 
As there was no consensus on the signaling of CFI so the BD of PDSCH start is a must. 
Figure 5 and 6 show the TP results for SLIC and E-IRC based on mixed TM= [4 4 4], CRS AP= [2 2 2], MCS= [5,5,5], RI= [1,1,1], 5-25% geometry level, RU=40%, I1/No@50%tile with Scenario 1 with full load CFI=2 for NC where the full blind detection, the genie detection and the blind detection assuming conservative CFI=3 are shown together with the baseline curve as IRC. Figure 7 shows the BD error rate on all parameters detected blindly.

Figure 8 and 9 show the TP results for SLIC and E-IRC based on mixed TM= [4 4 4], CRS AP= [2 2 2], MCS= [5,5,5], RI= [1,1,1], 40-60% geometry level, RU=40%, I1/No@50%tile with Scenario 1 with full load CFI=2 for NC where the full blind detection, the genie detection and the blind detection assuming conservative CFI=3 are shown together with the baseline curve as IRC. Figure 10 shows the BD error rate on all parameters detected blindly.

The blind detection is based on joint blind detection of system parameters including Pavalues, TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and PDSCH starting point.
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Figure 5 TP for SLIC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
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Figure 6 TP for EIRC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
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Figure 7 BD error rate for SLIC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
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Figure 8 TP for SLIC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 40-60% geometry level
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Figure 9 TP for E-IRC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 40-60% geometry level
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Figure 10 BD error rate for TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 40-60% geometry level
Observation 3: Erroneous information about PDSCH starting symbol may lead to degradation of the performance (degradation depends on the error).

Observation 4: Blind detection of PDSCH starting symbol provides no loss in performance and it is considered to be a safer approach compared to neighbour cell PCFICH decoding, which might not lead to the correct information in case the information is carried by higher layer signalling or by cross carrier scheduling under CA.

Observation 5: Blind detection of PDSCH starting symbol is demonstrated to be feasible in terms of performance (no degradation of the performance for 1 PRB-pair PDSCH allocation) while adding small complexity compared to the overall NAICS complexity.
Proposal 3: Confirm TM should be in the scope of joint blind detection for NAICS receivers.
5 Pa

The Pa values have been decided with the subset of 3 so they should be included in the joint blind detection of NAICS receivers. Figure 11 and 12 shows the TP results for SLIC and E-IRC based on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile with genie detection and different Pa values for such subset size as 3 together with IRC baseline receiver. Figure 13 and 14 shows the TP results for SLIC and E-IRC based on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 40-60% geometry level, RU=40%, Scenario 1 under I1/No@50%tile. Figure 15 and 16 shows the TP results for SLIC and E-IRC based on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@80%tile with genie detection and different Pa values for such subset size as 3 together with IRC baseline receiver.
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Figure 11 TP for SLIC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level, 50%-tile I1/N
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Figure 12 TP for E-IRC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level, 50%-tile I1/N
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Figure 13 TP for SLIC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 40-60% geometry level
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Figure 14 TP for E-IRC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 40-60% geometry level
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Figure 15 TP for SLIC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level, 80%-tile I1/N
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Figure 16 TP for E-IRC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level, 80%-tile I1/N
Observation 6: Very small loss of including Pa values into the joint blind detection comparing to genie detection with still comsiderably good NAICS gain.
Observation 7: Different Pa vlues brings no difference on TP performance.
Proposal 4: Confirm Pa values should be in the scope of joint blind detection for NAICS receivers.
6 CSI-RS ignorance

It has been decided no HL signalling to indicate the CSI-RS configuration and it has been shown in [5] and [6] that the the CSI-RS can be ignored in the BD operation and take them in the same way as PDSCH data. In this chapter we update the simulation results the latest scope of joint blind detection.
6.1 TM4

Figure 17 and 18 show TP results for SLIC and E-IRC based on TM=[4,4,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile. 1 CSI-RS configuration (configuration 2) is defined for the interfering cell. The joint BD of NAICS receiver and IRC baseline receiver are shown with and without the CSI-RS configurations.
[image: image17.emf]-5 0 5 10 15

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

SNR [dB]

Throughput [Mbps]

SLIC FDD TM=[4 4 4], #CRS=[2 2 2], MCS=[5 5 5], RI=[1 1 1]

I1/Noc=7.77dB, I2/Noc=2.29dB

 

 

IRC w/o CSI-RS

Blind w/o CSI-RS

IRC w CSI-RS

Blind w CSI-RS


Figure 17 TP for SLIC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
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Figure 18 TP for E-IRC TM= [4 4 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
6.2 TM9

Figure 19 and 20 show TP results for SLIC and E-IRC based on TM=[9,9,9], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile. 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are defined for the interfering cell. The joint BD of NAICS receiver and IRC baseline receiver are shown with and without the CSI-RS configurations.
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Figure 19 TP for SLIC TM= [9 9 9] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
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Figure 20 TP for E-IRC TM= [9 9 9] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
6.3 TM2

Figure 21 shows TP results for SLIC based on TM=[2,2,2], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile. 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are defined for the interfering cell. 
Figure 22 shows TP results for SLIC based on TM=[2,2,2], MCS=[5,5,5], CRS APs=[4,4,4], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile. 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are defined for the interfering cell.

The joint BD of NAICS receiver and IRC baseline receiver are shown with and without the CSI-RS configurations.
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Figure 21 TP for SLIC TM= [2 2 2] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
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Figure 22 TP for SLIC TM= [2 2 2] CRS= [4 4 4] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
6.4 TM3

Figure 23 and 24 show TP results for SLIC and E-IRC based on TM=[4,3,4], MCS=[5,5,5], CRS APs=[2,2,2], RI=[1,1,1], 5-25% geometry level, RU=40%, Scenario 1 under I1/No@50%tile. 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are defined for the interfering cell. The joint BD of NAICS receiver and IRC baseline receiver are shown with and without the CSI-RS configurations.
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Figure 23 TP for SLIC TM= [4 3 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
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Figure 24 TP for E-IRC TM= [4 3 4] CRS= [2 2 2] MCS= [5 5 5] RI= [1 1 1], 5-25% geometry level
Observation 8: Very small loss with CSI-RS ignorance comparing to the genie case for TM2, TM3, TM4, and TM9 with 2 CRS AP, even with the heavy 4 port CSI-RS configuration tested.

Proposal 5: Confirm CSI-RS ignorance should be in the scope of joint blind detection for NAICS receivers.

7 Strongest interferer detection 
It has been analysized in [7] that the strongest interferer could be referred to as the cell which is received by the NAICS UE with the highest average received signal strength. This can be computed by considering CRS resource elements or the PDSCH resource elements; the average can be computed by considering the entire bandwidth or only a portion of the bandwidth (e.g. the middle 6 PRB pairs as performed based on the current RSRP measurement requirement).   
However there is not enough study done on the strongest interferer detection to decide which methodology could be used in NAICS performance phase. In order to have common understanding on the blind detection scope and further have better alignment results it’s recommended to at least decide one common way to perform strongest interferer detection. Without further investigation it would be good to confirm the strongest interfere detection is based on CRS-based RSRP estimation.
Proposal 6: Confirm the strongest interferer should be based on CRS-based RSRP estimation for the joint blind detection for NAICS receivers.

8 Conclusions

In this contribution we provide our view on the scope of joint blind detection and our observations and proposals are summarized below.

Observation 1: Under conditions with different interference levels the joint detection of of system parameters including Pa values, TM, Modulation order, PMI, RI, PDSCH presence and CRS based strongest interferer and PDSCH starting point (CFI) can achieve comparably good gain when compared to genie case.

Observation 2: Blind detection of TM is demonstrated to be feasible in terms of performance (no degradation of the performance for 1 PRB-pair PDSCH allocation) while adding small complexity compared to the overall NAICS complexity.
Observation 3: Erroneous information about PDSCH starting symbol may lead to degradation of the performance (degradation depends on the error).

Observation 4: Blind detection of PDSCH starting symbol provides no loss in performance and it is considered to be a safer approach compared to neighbour cell PCFICH decoding, which might not lead to the correct information in case the information is carried by higher layer signalling or by cross carrier scheduling under CA.

Observation 5: Blind detection of PDSCH starting symbol is demonstrated to be feasible in terms of performance (no degradation of the performance for 1 PRB-pair PDSCH allocation) while adding small complexity compared to the overall NAICS complexity.
Observation 6: Very small loss of including Pa values into the joint blind detection comparing to genie detection with still comsiderably good NAICS gain.

Observation 7: Different Pa vlues brings no difference on TP performance.

Observation 8: Very small loss with CSI-RS ignorance comparing to the genie case for TM2, TM3, TM4, and TM9 with 2 CRS AP, even with the heavy 4 port CSI-RS configuration tested.

Proposal 1: Confirm all the dynamic parameters including modulation order, PMI, RI and PDSCH presence should be in the scope of joint blind detection for NAICS receivers.

Proposal 2: Confirm TM should be in the scope of joint blind detection for NAICS receivers.
Proposal 3: Confirm TM should be in the scope of joint blind detection for NAICS receivers.
Proposal 4: Confirm Pa values should be in the scope of joint blind detection for NAICS receivers.
Proposal 5: Confirm CSI-RS ignorance should be in the scope of joint blind detection for NAICS receivers.

Proposal 6: Confirm the strongest interferer should be based on CRS-based RSRP estimation for the joint blind detection for NAICS receivers.
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