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1 Introduction
In RAN 4 69 initial simulation results were provided on blind detection of NAICS parameters. In particular, documents [1-8] showed different methodology to study blind detection of performance and more importantly a very large difference in simulation results. Preliminary observations were captured in the TR which stated observations from individual companies [9], but RAN 4 conclusions on whether blind detection of the parameters is possible is still missing.
In last RAN plenary meeting it was decided to extend the SI in order to allow for further analysis. 
In order to progress the work on blind detection of NAICS parameters we provide here more detailed analysis and simulation results to assess the overall NAICS performance in case of blind detection in order to draw conclusion on potential parameters which can be blindly detected. It should be noted that this information has to be liaised back to RAN 1.

2 NAICS Parameters Blind detection 
Depending on the algorithm selected in order to perform NAICS a certain set of parameters is needed in the UE in order to perform mitigation or cancellation of the detected interference. Several parameters were highlighted in the previous meetings and reported here.
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Also a summary of the initial view of participating companies is provided in [10] which listed the preference from all the companies in terms of ‘Signalling’, ‘Blind detection’ or ‘Coordination’ for every parameter. 
It should be noted that the above list of parameters does not include TM10-related parameters such as QCL. In fact a TM10 UE can receive the information from several TPs and in order to demodulate correctly the information the UE receives the Quasi Colocation Information in order to know which assumption to consider for quasi colocation between CRS, DM-RS and CSI-RSs.

When we consider NAICS UEs, a TM10 interferer might receive QCL information associated to its transmission and this parameter shall be available (via blind detection, via signalling or via coordination) to the NAICS UE in order to be able to perform correct channel estimation.  So this parameter shall be added in the above list in order to make sure that NAICS is generally working with all the TMs, not only with legacy ones.
Proposal 1: Add NC QCL information in the list of parameters needed for NAICS UE.

In this paper we provide the overview of the parameters that can be blindly detected and we consider the impact of the blind detection of the some parameters into the overall throughput performance for SLIC receivers and E-IRC receivers as well as their statistic in terms of correct estimation.
2.1 Which parameters can be blindly detected, coordinated, signalled
RAN 4 has already had some discussion on the possibility to do blind detection of certain parameters or whether certain parameters need coordination or whether signalling would be beneficial. RAN 4 has to confirm to RAN 1 at least which parameters can be blindly estimated without the need for any coordination or signalling and which parameters could be blindly estimated but with the help of some network coordination and signalling which could restrict the UE search space in order to limit complexity. In the following we consider SLIC and E-LMMSE-IRC receivers, and hence we do not consider parameters which are not necessarily needed for those receivers.
In the following NC stands for Neighbour Cell.

a) Candidates parameters for full blind detection:

· Semi-static for each interferer: 

· System Bandwidth for CRS-based transmission mode (via NC PBCH reading)

· CRS AP (via NC PBCH reading)

· MBSFN configuration

· Cell ID

· Dynamic

· DM-RS AP 

· RI 

· Modulation order

· PMI 

· TM

· PDSCH presence
· PDSCH allocation

b) Candidates parameters for which some coordination and/or signalling to limit the search space is beneficial:

· Semi Static for each interferer
· MBSFN subframe configuration (alternative solution)
· Virtual Cell ID 

· Dynamic

· PDSCH allocation (alternative solution)
c) Candidates parameters for which some coordination to limit the signalling overhead and signalling is beneficial:

· Semi static for each interferer

· nSCID

· PB

· Dynamic

· PA

· QCL/PQI state

d) Parameters which are not necessarily needed for the receivers under consideration

· CFI (it might improve only slightly the performance for SLIC)

· Exact CSI-RS pattern

· Exact MCS

· RNTI

It shall be noted that the above does not consider control channel cancellation such as EPDCCH for example. This is left for future study considering the SI time frame. However, it would be good to make sure that if signalling is introduced, this does take into account also potential control channel cancellation. 
Before going into the details of the blind detection performance it is important to mention that even if the parameter itself is semi statically configured for each interferer, the UE under test does not necessarily see the parameter as semi static. In fact the interferers (i.e. the interfering signal intended for different UEs located in the interfering cells) can change on a subframe basis in the worst case. In the simulation assumptions so far considered in RAN 1 and RAN 4 a certain packet length is assumed, certain traffic models are considered and hence certain simplifications are done in terms of MCS, RI, PDSCH allocation of the interfering signal within a burst. In reality the traffic load will change, the packet size will vary, the PDSCH allocation will vary depending on the resource allocation type and of the UE conditions, the MCS, RI will change according to the link adaptation etc etc. Hence it is important to make sure that NAICS UE is robust and capable of estimating parameters without making excessive assumption in terms coherence of strongest interferer(s) parameters.
However, if we consider the worst case interference variation this would lead to per slot/subframe and per PRB granularity which may potentially lead to too poor performance in terms of blind detection of parameters or high complexity.  While we think that final coordination needs/analysis and its impact on the overall system level performance has to be assessed in RAN 1, RAN 4 could consider some assumptions in terms of interferer parameters variation which lead to reasonable performance in terms of blind detection and inform RAN 1. The UE could detect when those assumptions apply.
Proposal 2: the UE shall not make excessive assumption in terms coherence of strongest interferer(s) parameters. In particular also semi-statically configured parameters can vary in the worst case on a subframe basis.

Proposal 3: Liaise back to RAN 1 the set of parameters that RAN 4 thinks can be fully blindly detected and the set of parameters for which some coordination and signalling is needed to reduce the blind detection search space. It is up to RAN 1 to decide how to design coordination, but RAN 4 can indicate potential assumptions which leads to reasonable blind detection performance.
2.2 Analysis for Blind Detection

2.2.1 
Parameters that require reading interferers control channel: CRS AP and system bandwidth

The CRS AP and the system bandwidth of the interfering signal can be obtained via reading the Neighbour Cell (NC) PBCH channel explicitly. In Rel-11 the UE can support cancellation of the NC PBCH which requires the capability to read and decode NC PBCH. 
The SINR levels and INR levels which are considered so far lead to varying SINRNCx conditions (where SINRNCx corresponds to the SINR of the xth strongest NC) which depend on the geometry level, on the interference to noise ratio for the strongest interfering cells. In general it was shown that the highest NAICS gains can be achieved for low serving cell geometries. In these conditions the SINRNC1 is approximately in the range -4dB to 0dB while SINRNC2 is in the range -14dB to -10dB,when considering the serving cell as interference.
While for the strongest neighbour cell the SINR is sufficiently high to guarantee readability of the NC  PBCH (even with one segment-based decoding rather than 4), the SINR of cell 2 in certain cases can be too low to allow for reliable PBCH reading (even if the serving cell control channel component is cancelled from the received signal to raise the SINR). However, in general, detection errors on the second stronger interferer do not highly affect the performance. More analysis may be needed to understand the impact of imperfect NC2 PBCH reading in case 2 interfering cells have to be explicitly cancelled.
In addition to CRS AP and System bandwidth, also neighbour cell CFI can be obtained reading a neighbour cell control channel. In fact, in order to detect the neighbour cell CFI, i.e. the amount of OFDM symbols used for the transmission of control channels, NAICS UEs could read the NC PCFICH. 

The PCFICH is distributed in frequency domain according to a predefined pattern in the first OFDM symbol in each subframe. The PCFICH is scrambled by using a scrambling sequence which depends on the cell ID and additional a cell-ID dependent frequency offset is applied in order to differentiate the PCFICH of the serving cell and those of neighbour cells. 

Certain SINR conditions are required in order to be able to demodulate the PCFICH with a given sufficiently low error probability.  As for the PBCH reading, while for the strongest neighbour cell the SINR is sufficiently high to allow for readability of the NC PCFICH, the SINRNC2 in certain cases can be too low to allow for reliable PCFICH reading. It should be however noted that the CFI parameter is not essential for SLIC receiver or E-LMMSE-IRC receivers considered in this document.
Proposal 4: Strongest cell PBCH and PCFICH can be reliably read and hence CRS APs, system bandwidth and CFI does not need to be signalled if only the strongest interferer is cancelled. In case more interferers are cancelled more analysis is needed to understand the impact on throughput due to PBCH and PCFICH reading lower reliability. However, note that CFI is not an essential parameter for E-LMMSE-IRC or SLIC and hence NC PCFICH reading could be neglected. 
2.2.2 
MBSFN subframe configuration
Even if under FeICIC, this parameter is signaled to the UE in order to facilitate the CRS interference handling, blind detection of this parameter could be potentially considered for NAICS UEs, in order to save signaling overhead in favor of more complex parameters to be estimated. In particular it is likely that the NCs schedule MBSFN data during the same subframes as in the serving cell.  Additionally the subframes where PMCH is scheduled are characterized by a very specific RS grid, which is much denser than the normal CRSs grid. The UE can detect whether this pattern is used and estimate the presence of MBSFN subframes (in subframes where MBSFN transmission is allowed). In order to detect whether a subframe is MBSFN the UE needs to consider an extended CP, assumes that MBSFN-RSs are present in the 3rd, 7th and 11th OFDM symbol and detect the presence of MBSFN subframe via e.g. correlation with known sequences. 
Note that an alternative proposal could be to indicate to the UE whether the same MBSFN configuration can be assumed in the NCs. This could save some complexity in the UE.

Proposal 5: NCs MBSFN configuration could be blindly detected. An alternative solution would be to indicate the UE whether to consider the same MBSFN configuration as in the serving cell.

2.2.3 
Cell ID

Cell ID can be detected by the UE via normal synchronization procedures and hence there is no need to signal this parameter.

Proposal 6: Cell ID is blindly detectable. 
2.2.4 
DM-RS AP (RI for DM-RS transmission modes)
Data transmission based on transmission modes 8, 9 and 10 in LTE uses DMRS as pilot signal. DMRS is based on a pseudo-random sequence generated by a pseudo-random sequence generator that is initialized with
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at the start of each subframe. The quantities
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As seen, DMRS sequences depend on slot number n_s, n_ID^(i) and n_SCID. 

The parameter n_ID^(i) is for transmission mode 8 and 9 always equal to the cell-id, 
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 which is detectable by the UE as mentioned in Section 2.2.3. For transmission mode 10, configurability with respect to n_ID^(i) was introduced by means of Virtual cell ID, i.e. 
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Once the UE knows the DM-RS sequence it needs to detect the APs over which this RS is transmitted.
Note that the knowledge of the DM-RS presence and the detection of the number of APs used for DM-RS transmission provide the following additional information

1. The presence of PDSCH transmission in the PRB under test.

2. The number of layers used for DM-RS based PDSCH transmissions in that RB, i.e. the RI (in the following we consider DM-RS AP detection as RI detection)

3. It implicitly gives the information that a DM-RS based TM is used (8, 9 or 10).

The DM-RS use APs 7-14 depending on the number of layers which are transmitted. The DM-RSs are divided into CDM groups which depend on the number of transmitted layers. Correlation based methods can be used for example to detect the (if present) which APs DM-RSs use.  The complexity is depends on the number of layers and number of interferer and number of blocks over which the estimation has to be done (e.g. if per the worst case of per PRB PDSCH allocation is considered, then the estimation will have to be repeated for each PRB where PDSCH is present).
Figure 1-4 show the simulation results in terms of reliability of RI detection for phase II setting, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40% for neighbour cell 1 (NC1) and neighbour cell 2 (NC2) for 10MHz and 3Mhz respectively.
The impact on the overall throughput performance is shown in Figure 32.
Proposal 7: Considering that the DM-RS sequence is known via signalling, partial signalling or coordination detect blindly the number of APs used for DM-RS (which is equivalent to a RI detection). Note that the knowledge of the presence of DM-RS will provide information on the presence of NC PDSCH transmission in the PRB under analysis, and on the use of DM-RS based TM such as TM 8, 9, 10.
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Figure 1. RI detection probabilities for NC1, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz
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Figure 2. RI detection probabilities for NC2, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz
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Figure 3. RI detection probabilities for NC1, 3MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz
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Figure 4. RI detection probabilities for NC2, 3MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz
2.2.5 PMI and RI for CRS transmission modes
PMI and RI are parameters that need to be detected in case of CRS-based transmission modes. In case of DM-RS based transmission modes the UE detects the rank via the knowledge of the DM-RS APs and there is no need to estimate explicitly the PMI thanks to the DM-RSs being precoded. In the following we suppose that the UE has detected the PDSCH presence.
The complexity depends on the number of layers and number of PMI per layers, number of interferers and number of blocks over which the estimation has to be done. 
In the following we provide simulation results in order to show the reliability of PMI and RI detection and its impact on the overall throughput performance.
Figure 5 and 6 show the performance in terms of correct and false RI and correct and false PMI detection respectively for strongest neighbour cell NC 1, for a phase II setting, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%. Figure 7 and 8 show the same performance for the second strongest neighbour cell, NC 2.  As expected, the correct detection probability is lower for NC2 than for the significantly stronger NC1.

In figures 5-8 the performance is obtained by considering PMI and RI estimation by assuming full bandwidth transmission and 10MHz system bandwidth. 
In order to understand the impact due to small PDSCH allocation Figure 9-12 show the impact of PMI and RI blind detection on the throughput performance in case of 3MHZ allocation (15PRB) and Figures 13-16 in case of 1.4MHz allocation (6PRB). 

It is clear that when decreasing the PRB allocation from 50PRB to 6PRB the reliability of PMI and RI decreases especially for NC2. Figures 29-31 show the impact on the overall throughput for 10MHz, 3MHz and 1.4MHz, in case of TM4. It can be shown that the performance of blind detection, in terms of overall throughput, is still acceptable even for small resource allocation such as 6PRB.
From the figures it can be concluded that blind detection of PMI and RI is feasible and provides acceptable throughput performance. 
Proposal 8: Consider blindly detect the PMI and RI for CRS-based TMs. For DM-RS based TMs those two parameters are already known. 
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Figure 5. RI detection probabilities for NC1, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz
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Figure 6. PMI detection probabilities for NC1, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz
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Figure 7. RI detection probabilities for NC2, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz
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Figure 8. PMI detection probabilities for NC2, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz
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Figure 9. RI detection probabilities for NC1, 3 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 3MHz
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Figure 10. PMI detection probabilities for NC1, 3 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 3MHz
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Figure 11. RI detection probabilities for NC2, 3 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 3MHz
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Figure 12. PMI detection probabilities for NC2, 3 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 3MHz
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Figure 13. RI detection probabilities for NC1, 1.4 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 1,4MHz
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Figure 14. PMI detection probabilities for NC1, 1.4 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%,1,4MHz
[image: image28.png]100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

RI Detection NC2

-2 0 2
SCSINR

M False RI

CorrectRI





Figure 15. RI detection probabilities for NC2, 1.4 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%,1,4MHz
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Figure 16. PMI detection probabilities for NC2, 1.4 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 1,4MHz
2.2.6 
Modulation order

In order to be able to cancel the PDSCH interference the UE has to know the modulation order used by the interfering cell.

The modulation order is a dynamically varying parameter which depends on the link adaptation algorithm used in the NC, and on the channel condition of the interfering UE. The modulation order can vary per PRB and per subframe or per slot depending on the resource allocation type among 3 values 2, 4 and 6, i.e. QPSK, 16QAM and 64QAM.
The complexity depends (linearly) on the number of layers, the number of modulation orders to be detected (3 in LTE), the number of interferers and number of blocks over which the estimation has to be done. 
In the following plots, the modulation order detection for the two NCs is presented conditioned on the assumption that the PDSCH presence is correctly detected.

Figure 17 and 18 show the performance in terms of correct and false modulation for strongest neighbour cell NC 1 and for the second strongest neighbour cell NC 2 respectively, for a phase II setting, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, 10MHz.  In order to understand the impact due to small PDSCH allocation Figure 19-20 show the reliability of the modulation order estimation in case of 3MHz and Figures 21-22 show the impact in case of 1.4MHz (6PRB). As expected, the correct detection probability is lower for NC2 than for the significantly stronger NC1, and the reliability decreases for smaller PRB allocation.
In the figures ccorrect QPSK obviously means that QPSK is detected as the true modulation. False QPSK means that QPSK is detected but this is not the true modulation. In the plots it can be seen that the modulation order is most often correct or overestimated – false 64QAM is relatively high, but false QPSK is almost non-existent for large PDSCH allocation or very small for small PRB allocation. For a SLIC type receiver this typically means that the symbol cancellation is more conservative than if the correct (lower) modulation was detected, but on the other hand no cancellation errors are introduced. Therefore the modulation detection performance shown below does not disturb the cancellation performance significantly. This is shown in Figures 29-32 where the impact of bind detection of parameters is studied in terms of overall throughput performance.  
From the above figures it can be concluded that the modulation order can be blindly estimated with little impact on the throughput performance of the receiver.

Proposal 9: Consider blind detection of the modulation order.
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Figure 17. Modulation detection probabilities of NC1, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 18. Modulation detection probabilities of NC2, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 19. Modulation detection probabilities of NC1, 3 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 20. Modulation detection probabilities of NC2, 3 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 21. Modulation detection probabilities of NC1, 1.4 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 22. Modulation detection probabilities of NC2, 1.4 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%

2.2.7 
Transmission Mode

Up to Rel-11 10 Transmission modes are considered in LTE. Some TMs are CRS-based while other TMs (8, 9, 10) are DM-RS based. 
In case of DM-RS based transmission modes, the UE can detect which TM is used depending on whether it receives information on Virtual cell ID or QCL information (in that case TM10 is used), or depending on the number of layers. Furthermore, precise discrimination between DM-RS TMs is not necessary. For CRS based transmission mode detection of parameters such as PMI and RI gives already indications of the TM used in the NCs. Hence, it can be assumed that TM can be blindly detected by the UE (or inferred from the detection of other parameters).
Proposal 10: It can be assumed that TM can be blindly detected by the UE (or inferred from the detection of other parameters).
2.2.8 PDSCH presence
In case of DM-RS TM the presence of DM-RS already indicates the presence of PDSCH as mentioned in Section 2.2.4. For CRS-based TMs instead the presence of static signals such as CRSs does not give any insight into the presence of PDSCH in certain PRBs.
Hence the detection of the PDSCH has to be performed in the worst case on a PRB basis.  The reliability of the PDSCH presence detection has large implications on the throughput performance. In fact, if the UE wrongly detect no interferers in a certain portion of the bandwidth, the throughput performance will be degraded because of lack of cancellation and there can be a potential CQI mismatch with consequent throughput loss. Interferer PDSCH presence blind detection is the baseline for other parameters’ correct detection.
Figures 23 and 24 show the performance in terms of correct detection of PDSCH presence /absence and the corresponding false detection for NC1 and NC2 respectively.  

As usual, in order to understand the impact due to small PDSCH allocation Figure 25-26 and 27-28 show the impact of PDSCH presence blind detection on in case of 3MHZ allocation (15PRB) and in case of 1.4MHz allocation (6PRB) respectively.

As expected false detection increases for NC2 because of lower signal level compared to NC1. For all the figures, the same conditions as in previous sections are considered (10MHz, phase II, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%).
From the performance it is observed that NC2 is wrongly detected as DTXed more often than NC1. Considering its weaker signal strength, cancellation of NC2 in general brings less throughput gains compared to cancellation of NC1, and hence even if it is wrongly detected as DTXed the overall throughput performance do not suffer. 
Figures 29-30-31 show the corresponding performance in terms of throughput when overall blind detection is considered.
From the figures below and the overall throughput performance, it is concluded that PDSCH presence detection is feasible and it gives acceptable overall throughput performance.

Proposal 11: Consider blind detection of PDSCH presence for both DM-RS TMs and CRS-based TMs. 
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Figure 23. PDSCH presence detection for NC1 (TX=PDSCH present, DTX=not present), 10MHz, phase II, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%.
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Figure 24. PDSCH presence detection for NC2 (TX=PDSCH present, DTX=not present), 10MHz, phase II, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 25. PDSCH presence detection for NC1 (TX=PDSCH present, DTX=not present), 3 MHz, phase II, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%.
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Figure 26. PDSCH presence detection for NC2 (TX=PDSCH present, DTX=not present), 3 MHz, phase II, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 27. PDSCH presence detection for NC1 (TX=PDSCH present, DTX=not present), 1.4 MHz, phase II, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%.
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Figure 28. PDSCH presence detection for NC2 (TX=PDSCH present, DTX=not present), 1.4 MHz, phase II, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%

2.3 PDSCH resource allocation

For DM-RS based TMs the UE knows that PDSCH is allocated on a PRB thanks to the detection of the DM-RS presence in the same PRB;  for CRSs based TMs it can not be detected via CRSs as CRSs span the whole bandwidth while PDSCH resource allocation can be located in specific PRBs. LTE provides great flexibility when it comes to scheduling.  Depending on the resource allocation type, type 0, 1 or 2 the transport blocks can be mapped to resources on a granularity with varies from the RBG level (several consecutive PRBs depending on the system bandwidth)  or PRBs within the RBG or a as fine as a single resource block pair in case of type 2 resource allocation type. Additionally the resource allocation can be localized or distributed such that the resource block pair does not necessarily span the same subcarriers. Hence, in the worst case the UE has to detect the presence and the strength of the interferer on a PRB  level where the interfering signal is guaranteed to be stationary. 
This may have some drawbacks such as

(a) High complexity as many of the detection operations have to be done on PRB level

(b) Low reliability because of small amount of REs over which the particular parameter estimation can be done/averaged. In fact, it is in fact shown in previous section that the reliability of the parameter estimation decreases when passing from 10MHz PDSCH allocation to 1.4PRB allocation.
In principle, in order to have a complete information on the PDSCH allocation the UE should read NCs PDCCH and decode NC DCI. But in order to perform NAICS, the UE does not need such precise information.
Through hypothetical assumptions in terms of PDSCH allocation, the UE can detect whether interfering UE are scheduled with a sufficient consecutive PDSCH resource allocation, i.e. whether blind detection of the parameters can be sufficiently reliable. Hence, we think that there is no need to introduce network constraints in the eNodeB in terms of resource allocation, but the UE can autonomously detect when NAICS can provide gains or not. 
Of course, if the network wants to see the promised NAICS system benefits scheduling and resource allocation will need to take into account the need for a sufficient PDSCH allocation in order to allow for reliable blind estimation of the parameters.  

An alternative solution, could be to inform the UE whether NC PDSCH can be assumed to be allocated over a certain minimum of consecutive PRBs. This approach would restrict the UE search space and save some complexity. However the preferred option is to consider blind detection.
Proposal 12: RAN 4 considers blind estimation of the parameters by assuming a minimum set of consecutive PRBs to be allocated for interferer scheduling purposes in the performance work without requiring any network restriction in terms of PDSCH resource allocation. The UE can autonomously detect when this condition applies.  
3 Impact of blind detection on throughput performance

Figures 29-31 show the impact of blind detection of the parameters mentioned above on the throughput performance for 10, 3 and 1.4MHz allocation respectively (phase 2, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%) for TM4.
Figure 32 gives the performance of blind detection of parameters for TM9, 10MHz for the same conditions as above.

The results are obtained by considering blind detection of the parameters for demodulation purpose but CQI reports are generated using full parameter knowledge to decouple the two effects.
Additional results on blind detection by considering different SINR region and different INR levels are shown in [12].

For the figures it can be observed that blind detection of the performance is mainly affected for high serving cell SNR when the serving cell becomes stronger than the interferers and hence it is difficult to estimate with good reliability the parameters. As expected the effect of blind detection of the parameters increases for small PDSCH resource allocation. This is mainly visible in Figure 31 for TM4.
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Figure 29. The overall throughput for EIRC and SLIC, 10MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 30. The overall throughput for EIRC and SLIC, 3 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 31. The overall throughput for EIRC and SLIC, 1.4 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%
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Figure 32. The overall throughput for EIRC and SLIC, 10 MHz, Scenario 1, low SINR geometry and I1/Noc@50%tile, with RU=40%, TM9.
4 Conclusions

This paper provides analysis on the blind detection of parameters for NAICS UE. Simulation results have been provided in order to show the impact of blind detection on overall throughput performance.

The following is proposed:

Proposal 1: Add NC QCL information in the list of parameters needed for NAICS UE.

Proposal 2: the UE shall not make excessive assumption in terms coherence of strongest interferer(s) parameters. In particular also semi-statically configured parameters can vary in the worst case on a subframe basis.

Proposal 3: Liaise back to RAN 1 the set of parameters that RAN 4 thinks can be fully blindly detected and the set of parameters for which some coordination and signalling is needed to reduce the blind detection search space. It is up to RAN 1 to decide how to design coordination, but RAN 4 can indicate potential assumptions which leads to reasonable blind detection performance.
Proposal 4: Strongest cell PBCH and PCFICH can be reliably read and hence CRS APs, system bandwidth and CFI does not need to be signalled if only the strongest interferer is cancelled. In case more interferers are cancelled more analysis is needed to understand the impact on throughput due to PBCH and PCFICH reading lower reliability. However, note that CFI is not an essential parameter for E-LMMSE-IRC or SLIC and hence NC PCFICH reading could be neglected. 
Proposal 5: NCs MBSFN configuration could be blindly detected. An alternative solution would be to indicate the UE whether to consider the same MBSFN configuration as in the serving cell.

Proposal 6: Cell ID is blindly detectable. 

Proposal 7: Considering that the DM-RS sequence is known via signalling, partial signalling or coordination detect blindly the number of APs used for DM-RS (which is equivalent to a RI detection). Note that the knowledge of the presence of DM-RS will provide information on the presence of NC PDSCH transmission in the PRB under analysis, and on the use of DM-RS based TM such as TM 8, 9, 10.


Proposal 8: Consider blindly detect the PMI and RI for CRS-based TMs. For DM-RS based TMs those two parameters are already known. 

Proposal 9: Consider blind detection of the modulation order.

Proposal 10: It can be assumed that TM can be blindly detected by the UE (or inferred from the detection of other parameters).
Proposal 11: Consider blind detection of PDSCH presence for both DM-RS TMs and CRS-based TMs. 

Proposal 12: RAN 4 considers blind estimation of the parameters by assuming a minimum set of consecutive PRBs to be allocated for interferer scheduling purposes in the performance work without requiring any network restriction in terms of PDSCH resource allocation. The UE can autonomously detect when this condition applies.  
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