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1 Introduction
In RAN 63 a WI was approved for NAICS with the following objectives for RAN 4 [1].
· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.
The intention of this objective is to conclude on the feasibility of parameters blind detection in a timely manner. For the time being the main discussion about blind detection is related to dynamic parameters. The following has been agreed in the previous meeting in relation to semi static parameters:

· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed if NAICS signaling is present
· ρB/ρA ratio (i.e. PB) should be signaled by the higher layer
· Virtual Cell ID needs to be restricted (Restriction indicated by signaling) 
· Subset size for VCID set needs further study
· Cell ID is needed for higher layer signalling
As long as a signaling is not deemed necessary from a complexity/feasibility/performance loss perspective then the default should be that the parameter should either be detected blindly or that it can be neglected due to minor impacts on the performance. Many semi static parameters can indeed be blindly detected. In this paper we provide further analysis on the blind detectability of some of the semi static parameters and we provide a way forward.  
2 Discussion

In this paper we discuss the blind detectability or the need for blind detection of the following parameters : 

· PDSCH start

· CRS APs
· MBSFN configuration,

· CSI-RS pattern,
· Virtual Cell ID 
· TM via RRC

2.1 PDSCH start

The PDSCH start is determined either via the PCFICH information or it could be indicated via higher layer signalling when the UE is scheduled via ePDCCH.

The UE could use different methodologies in order to detect the PDSCH starting symbol, i.e. decoding the neighbour cell PCFICH or pure blind detection of the PDSCH start.

It was already shown and discussed in [2] that neighbour cell PCFICH decoding could provide reliable information about PDSCH start. However, while the neighbour cell PCFICH decoding-based method could be acceptable when the PDSCH starting symbol of the neighbour interfering cell is provided via the PCFICH, in case this information is provided via higher layer signaling, decoding the PCFICH may lead to erroneous information for the NAICS UE. Hence, the pure blind detection of the PDSCH starting symbol could be considered as a safer approach. This is illustrated in Figure 1-2 which give the performance of EIRC and SLIC in the following case

· Phase 1, Scenario 1, 5-25% geometries RU=40%, I1/Noc conditioned @ 50% MCS= [5,5,5], RI=[1,1,1].
· The following throughput curves are shown:
· The PDSCH starts at symbol 2, the UE assumes or decode erroneously that PDSCH starts from symbol 3

· The PDSCH starts at symbol 2, the UE assumes that the PDSCH starts at symbol 2 (ideal case)
· The UE blindly detect the PDSCH starting symbol
· Performance for EIRC (Figure 1) and SLIC (Figure 2).
Figure 3 shows the results in terms of reliability of PDSCH start blind detection based on 1 PRB-pair allocation. As it can be seen the reliability associated to the detection of this parameter is close to 100%.
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Figure 1. Phase 1, Scenario 1, 5-25% geometries RU=40%, I1/Noc conditioned @ 50% MCS= [5,5,5], RI=[1,1,1], impact of wrong PDSCH start detection in case of EIRC.
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Figure 2. Phase 1, Scenario 1, 5-25% geometries RU=40%, I1/Noc conditioned @ 50% MCS= [5,5,5], RI=[1,1,1], impact of wrong PDSCH start detection in case of SLIC.
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Figure 3. Reliability associated to parameters blind detection for the conditions in Figure 1 and 2.
In terms of complexity, the detection of PDSCH starting symbol could be approximated by the complexity related to the computation of the data based covariance matrix on the first OFDM symbols which is lower compared to the data covariance matrix that needs to be computed for example for PMI and RI detection.
In conclusion, the following observations and proposals can be made:

Observation 1: Erroneous information about PDSCH starting symbol may lead to degradation of the performance (degradation depends on the error).

Observation 2: 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 signaling.

Proposal 1. 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 2. Capture in the TR that PDSCH starting symbol, can be blindly detected with no or negligible impact on performance. 

2.2 CRS APs 

In previous meeting it was discussed whether the UE can blindly detect neighbour cells CRS APs. In previous meeting, document [2] discussed already and provided simulation results on the performance related to neighbour cell PBCH decoding which carries the information related to neighbour cell CRS APs. In contribution [2] the performance considered the use of PBCH IC. Considering that PBCH IC is not a mandatory feature in rel-11 alternative solutions could be considered to avoid mandating the implementation of PBCH IC for UEs that do not support this optional feature. 

In this section we provide simulation results showing the reliability of neighbour cell CRS AP blind detection which does not involve neighbour cell PBCH reading and which is based on RSRP measurements.

In the following the results are provided in terms of miss alarm performance and false alarm performance for 1, 2 and 4 CRS APs detection (see table 1).
Here the false alarm is when the presence of the CRS AP is wrongly detected when instead it is not present while the miss alarm is defined as the case when the UE does not detect the presence of the CRS AP when instead this is present.  Several scenarios are considered including pure noise subframe (Blank SF), a normal downlink subframe with 1 CRS AP, 2 CRS APs and 4 CRS APs and an MBMS subframe.  The simulation is carried on for AWGN channel with SNR ranging from -6 to -3dB and 2 receiver antennas.
The estimation is done here by assuming 6 PRB-pair. In principle, the identity of the strongest interferer may vary over the bandwidth depending on channel conditions and scheduling conditions. However, once a cell is selected as one candidate strongest interfering cell, CRSs are present over the entire bandwidth and hence more than 1 PRB could be exploited for CRS-AP detection (and the 6 central PRBs can be considered to be always present independently of the system bandwidth). 
Table 1. Performance in terms of miss alarm and false alarm.
	Scenario 1: Blank SF

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	
	Pm
	Pf
	Pf
	Pf
	Pf

	
	0.00035
	5.00E-05
	0.00025
	5.00E-05
	0

	Scenario 2: Normal DL SF with 1 CRS APs

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	SNR
	Pf
	Pm
	Pf
	Pf
	Pf

	-6
	0.03625
	0.03655
	0.00025
	5.00E-05
	0

	-5
	0.00385
	0.00415
	0.00025
	5.00E-05
	0

	-4
	0.0003
	0.0006
	0.00025
	5.00E-05
	0

	-3
	0
	0.0003
	0.00025
	5.00E-05
	0

	Scenario 3: Normal DL SF with 2 CRS APs

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	SNR
	Pf
	Pf
	Pm
	Pf
	Pf

	-6
	0.00135
	0.0379
	0.0393
	5.00E-05
	0

	-5
	0
	0.00385
	0.0039
	5.00E-05
	0

	-4
	0
	5.00E-05
	1.00E-04
	5.00E-05
	0

	-3
	0
	0
	5.00E-05
	5.00E-05
	0

	Scenario 4: Normal DL SF with 4 CRS APs

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	SNR
	Pf
	Pf
	Pf
	Pm
	Pf

	-6
	0.0002
	0.00275
	0.06435
	6.73E-02
	0

	-5
	0
	5.00E-05
	0.00965
	9.70E-03
	0

	-4
	0
	0
	5.00E-04
	5.00E-04
	0

	-3
	0
	0
	0
	0
	0

	Scenario 5: MBMS SF

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	SNR
	Pf
	Pf
	Pf
	Pf
	Pm

	-6
	5.00E-05
	0
	0
	0
	5.00E-05

	-5
	0
	0
	0
	0
	0

	-4
	0
	0
	0
	0
	0

	-3
	0
	0
	0
	0
	0


As it can be seen from the table above the probability of miss alarm and false alarm are small and as expected the reliability increases for increasing SINR. In this case, for sufficiently strong interfering cell SNR (SNR>-6dB) the miss alarm performance is maximum 6% for CRS APs 4 and lower for 1 or 2 CRS APs. 
In conclusions the following observations can be drawn:

Observation 3: Information about neighbour cell CRS APs can be obtained via neighbour cell PBCH reading and reusing PBCH IC feature. 
Observation 4: PBCH IC is an optional Rel-11 feature, so in case UEs do not implement PBCH IC alternative methods exist which allow for blind detection of the CRS APs. The blind detection methodology can be applied to 2 CRS APs as well as 4 CRS APs.

Observation 5:    the reliability performance obtained with the blind detection algorithm show that CRS APs can be blindly detected with good reliability at least for the cases when the neighbour cell interference is sufficiently strong (SNR>-6dB).

It should be noted that this algorithm for CRS AP blind detection is considered to add negligible complexity.
If blind detection of 4 CRS APs is clearly shown to be an issue, it could be discussed further whether some network assistance is needed for this case. 
The following proposals can be done:

Proposal 3: Blind detection of CRS APs is demonstrated to be feasible in terms of performance (small miss alarm probability is achieved) while adding negligible complexity compared to the overall NAICS complexity.  If blind detection of 4 CRS APs is clearly shown to be an issue, it could be discussed further whether some network assistance is needed for this case.
Proposal 4: Capture in the TR that neighbor cell CRS APs can be blindly detected with no or negligible impact on performance. 

2.3 MBSFN configuration

For MBSFN configuration blind detection, the same algorithm as in the previous section can be considered with very similar performance; Table 1 provides also some simulation results in terms of false alarm and miss alarm probability for MBSFN blind detection.  It should be noted that when the UE needs to detect whether a subframe is MBSFN, and carrying PMCH or not, for a candidate interfering cell, it will consider all the 18 RSs per PRB-pair, which is a much denser grid as for non MBSFN subframes.  Note that in case the neighbour cell schedules TM 9 PDSCH in MBSFN subframes to improve the spectral efficiency, no MBSFN RSs are present and no CRSs are present in the MBSFN region of the MBSFN subframe. However, in this case the UE has the possibility to blindly detect DM-RS presence and hence there would not be ambiguity.
Proposal 5. Blind detection of MSBFN subframe configuration is feasible in terms of performance (small miss alarm probability) while adding negligible complexity compared to the overall NAICS complexity. 

Proposal 6. Capture in the TR that neighbor cell MBSFN subframe configuration can be blindly detected with no or negligible impact on performance. 
2.4 CSI-RS pattern

In previous meeting CSI-RS pattern and periodicity was also considered and RAN 4 discussed whether this parameter can be blindly detected or not.

Indeed it seems highly complex to fully blindly detect the neighbour cell CSI-RS pattern and its periodicity considering the multitude of CSI-RS configurations which can be configured by the network. However, before discussing the feasibility of blind detection we need to step back and check whether knowledge of neighbour cell CSI-RS pattern is essential or not.
For EIRC clearly this parameter is not needed. Hence, here we provide performance only for SLIC receiver.

We consider the following set up:

· Figure 4: 5-25% geometries RU=40%, I1/Noc conditioned @ 50% MCS= [5,5,5], RI=[1,1,1], TM4 for serving cell and interfering cell. 1 CSI-RS configuration (configuration 2) is defined for the interfering cell. Joint blind detection of TM, MCS, RI, PDSCH presence and strongest interferer based on 1 PRB pair. Note that even if the interferers are modeled as TM4, the use of CSI-RS could be justified by for example the presence of a second unscheduled TM9 UE in that interfering cell.
· Figure 5: 5-25% geometries RU=40%, I1/Noc conditioned @ 50%, MCS=[5,5,5], RI=[1,1,1], TM9 for serving cell. 1 simulation where several ZP and NZP CSI-RS are configured for the interfering cell. Joint blind detection of  TM, MCS, DM-RS APs, PDSCH presence and strongest interferer based on 1 PRB pair. In particular the following is considered 
· 1 NZP CSI-RS (configuration 2)
· 3 ZP CSI-RS (configurations 3, 4 and 5)
Note that here the curve labelled ‘SLIC CSI-RS, 1 RB detect’, corresponds to the case when the UE assumes that the CSI-RS REs are occupied by PDSCH REs, and blind detection of all the other parameters is enabled, while ‘SLIC 1 RB detect’ corresponds to the case when CSI-RSs are not configured.
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Figure 4. 5-25% geometries RU=40%, I1/Noc conditioned @ 50% MCS = [5,5,5], RI=[1,1,1], TM4. 1 CSI-RS configuration configured for the interfering cell, for detection based on 1 PRB pair. 
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Figure 5. 5-25% geometries RU=40%, I1/Noc conditioned @ 50% MCS = [5,5,5], RI=[1,1,1], TM9. 1 NZP CSI-RS and 3 ZP CSI-RS configurations for the interfering cell, for detection based on 1PRB pair.
From Figure 4 and 5 it can be concluded that there is no negligible degradation of the performance due to ignoring the presence of CSI-RS patterns.

Hence the following observations can be drawn:

Observation 6: EIRC receiver does not need the information about CSI-RS pattern or periodicity.

Observation 7: Simulation results show that there is no negligible degradation of the performance due to ignoring the presence of CSI-RS patterns.
Hence the following proposal:

Proposal 7: CSI-RS pattern and periodicity is not an essential parameter.

Proposal 8: Capture in the TR that CSI-RS patterns do not need to be blindly detected nor signaled. 
2.5 Virtual Cell ID

The flexibility of TM10 includes the possibility to configure via RRC, reference signal sequences for both DMRS and CSI-RS, as opposed to previous transmission modes where those sequences are associated to the serving cell id. Such configurability allows greater choice in deployment options for operators, including the use of shared cell. 

In TM10, the DMRS sequence initialization is configurable via the two RRC configurable parameters
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, which in earlier transmission modes were fixed to the serving cell-id and the parameter nSCID. For this reason, the parameter 
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will here be referred to as a configurable cell-id (CCID) and nSCID as a CCID selector. Forcing the UE to blindly detect interferer among all these 504 DM-RS sequences appears challenging as shown already in previous contributions, [3].  Additionally forcing the UE to blindly detect among 504*2 possible CCID will reduce the detection reliability and will hence reduce throughput performance. 

In previous meeting it was also already agreed that CCID needs to be restricted, but the subset size for CCID set needed further study.

In previous meeting we showed already how the reliability improves when restricting the UE CCID search space and we concluded that about 10 CCIDs could be considered as reasonable restriction from both complexity and performance point of view. 
However, also other factors need to be taken into account. In principle the CCID is associated to a certain UE, hence especially in CoMP scenarios where the interfering cell schedules data by using a DPS scheme to several UEs, DM-RS could be sent with several different CCIDs depending on the intended user. This could lead to a large amount of CCID to be considered in the subset, in order to avoid scheduling restrictions. However, solutions could exist in order to limit the amount CCID to be signaled in the restricted search space, in particular by associating a CCID to a transmission point rather than a UE, as described in [4]. In [4] it is also argued that, considering that the UE can keep track of 8 CRS points, it seems reasonable assumption to consider the same tracking capability for DM-RS, if methods are defined in RAN 1 to associate different CCID to different transmission points. Considering that 
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could be dynamically signalled for each transmission point, this lead to 16 CCID to be considered in the reduced subset.
Proposal 9: In general, restricting the CCIDs subset to 16 (considering nSCID) to be appropriate if methods are defined in RAN 1 to associate different CCID to different transmission points. 

2.6 Transmission Modes

LTE offers a large variety of transmission modes, TM1-10 until Rel-12. 
However in the context of NAICS only few schemes should be really discriminated. In particular it is important that the UE differentiate whether the PDSCH is scheduled by using CRS-based transmission modes or DM-RS transmission modes.

In case one of the DM-RS transmission modes is used, the UE may only need to differentiate between TM10 and the other DM-RS transmission modes. In particular, the UE needs to be aware of whether Virtual cell IDs are in use or whether CoMP set up is used in the interfering cell. In case of CRS-based transmission mode the UE needs to detect whether open loop or closed loop MIMO is used as transmission methodology and its associated rank.

Hence, the amount of blind detection the UE has to do can be summarized in the following Figure 6.

The complexity associated to the discrimination between the max 4 transmission methodologies is considered as acceptable and hence we see no need to introduce restrictions in terms of transmission modes to be considered under NAICS functionalities.
Moreover, it is also crucial to make sure that mixture of TMs are considered when analysing NAICS functionalities as mixture of CRS-based TM in the network is already present in current deployment scenarios and in the future it is likely that more and more often legacy CRS based TM modes will coexists with DM-RS transmission modes.

Proposal 10: At least any combination of TMs 2, 3, 4, 6, 8, 9, 10 should be possible with NAICS functionality. In the worst case the UE has to perform 3 blind detection operations (Discriminate between DM-RS and CRSs TM, and in case of CRS-based TM discriminated between Open loop and closed loop transmission methodology and between rank 1 and rank 2 transmissions).
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Figure 6. Blind detection operations for TM detection.
3 Conclusions 
In this paper we have discussed blind detection of several remaining semi-static parameters. The following is observed/proposed:

PDSCH starting symbol:
Observation 1: Erroneous information about PDSCH starting symbol may lead to degradation of the performance (degradation depends on the error).

Observation 2: 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 signaling.

Proposal 1. 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 2. Capture in the TR that PDSCH starting symbol, can be blindly detected with no or negligible impact on performance. 

CRS APs:

Observation 3: Information about neighbour cell CRS APs can be obtained via neighbour cell PBCH reading and reusing PBCH IC feature. 

Observation 4: PBCH IC is an optional Rel-11 feature, so in case UEs do not implement PBCH IC alternative methods exist which allow for blind detection of the CRS APs. The blind detection methodology  can be applied to 2 CRS APs as well as 4 CRS APs.

Observation 5:    the reliability performance obtained with the blind detection algorithm show that CRS APs can be blindly detected with good reliability at least for the cases when the neighbour cell interference is sufficiently strong (SNR>-6dB).

It should be noted that this algorithm for CRS AP blind detection is considered to add negligible complexity.

If blind detection of 4 CRS APs is clearly shown to be an issue, it could be discussed further whether some network assistance is needed for this case. 

Proposal 3. Blind detection of CRS APs is demonstrated to be feasible in terms of performance (small miss alarm probability is achieved) while adding negligible complexity compared to the overall NAICS complexity.  If blind detection of 4 CRS APs is clearly shown to be an issue, it could be discussed further whether some network assistance is needed for this case.
Proposal 4. Capture in the TR that neighbor cell CRS APs can be blindly detected with no or negligible impact on performance. 

MBSFN configuration

Proposal 5. Blind detection of MSBFN subframe configuration is feasible in terms of performance (small miss alarm probability) while adding negligible complexity compared to the overall NAICS complexity. 

Proposal 6. Capture in the TR that neighbor cell MBSFN subframe configuration can be blindly detected with no or negligible impact on performance. 

CSI-RS

Observation 6: EIRC receiver does not need the information about CSI-RS pattern or periodicity.

Observation 7: Simulation results show that there is no negligible degradation of the performance due to ignoring the presence of CSI-RS patterns also for SLIC receivers.
Proposal 7: CSI-RS pattern and periodicity is not an essential parameter.

Proposal 8: Capture in the TR that CSI-RS patterns do not need to be blindly detected nor signaled. 

CCID

Proposal 9: In general, restricting the CCIDs subset to 16 (considering nSCID) to be appropriate if methods are defined in RAN 1 to associate different CCID to different transmission points. 

TM:

Proposal 10: At least any combination of TMs 2, 3, 4, 6, 8, 9, 10 should be possible with NAICS functionality. In the worst case the UE has to perform 3 blind detection operations (Discriminate between DM-RS and CRSs TM, and in case of CRS-based TM discriminated between Open loop and closed loop transmission methodology and between rank 1 and rank 2 transmissions).
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