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1 Introduction
In document [1] we discuss the performance due to blind detection of a subset of parameters that the UE needs to know in order to perform NAICS. In particular, we provide a list of parameters which we think are blindly detectable and the list of parameters for which partial or full signalling seems required either to improve reliability or to limit the UE complexity, as well as the parameters which are not necessarily needed for the receivers under consideration (SLIC and E-IRC). The following parameter classification is proposed in [1].
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

In this paper we discuss the (partial or full) signalling of parameters as defined in b) and in c). However, it is under RAN 1 responsibility to decide the final coordination/signalling method. 
2 Parameters for which some coordination and/or signalling to limit the search space is beneficial for blindly detection
2.1 Virtual Cell ID and nSCID
The virtual cell ID and the nSCID are used in order to initialize the DM-RS sequences in TM10 as shown in [1].
The complexity associated to a complete blind detection of virtual cell ID and nSCID is large. There are 504 possible Virtual cell ID and nSCID can take 2 values. The values of the above can be chosen freely by the network and can vary depending subframe by subframe or depending on the rate of higher layer signaling. 
In total, in order to be able to blindly detect other transmission points DMRS sequence, the terminal has to try 504*2 different DMRS sequences to find the correct sequence in one subframe. This puts huge constrains on the terminal implementation. 
The complexity can then be expressed as INT_VirtCellID*504*K*2
where INT_VirtCellID is the complexity related to the detection of a single Virtual cell ID and K is the number of blocks over which the estimation has to be done.
The complexity related to the Virtual cell ID search could be reduced by 
· Restricting the network to use only a subset of possible Virtual Cell ID rather than the whole set and signals this restriction to the UE: several level of restrictions could be considered in order to more or less limit the complexity.

· Increasing the resources over which the Virtual cell ID would be applicable (by reducing K).
· Signalling the nSCID 

Considering the above, the eNodeB restriction to use only a subset of Virtual cell ID in case of NAICS could be a viable way to reduce complexity. If needed, nSCID could be also signaled or coordinated in order to reduce further the burden associated to the detection of the DM-RS sequence. 
As a matter of example we show here the performance obtained for AWGN, flat fading and dispersive fading in terms of probability of correct Virtual cell ID detection vs SNR for different eNodeB restrictions. The legend indicates the Virtual cell ID subset size. 
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Figure 1. Probability of Virtual cell ID correct detection vs SNR for several assumptions in terms of reduced search space for AWGN (a), flat fading (b) and dispersive fading (c).

As it can be seen from the figures above the probability of correct sequence detection can be highly improved by restricting the search space.

Proposal 1: In order to limit the UE complexity which comes from a full blind detection of the Virtual cell ID used for the neighbor cells, consider restricting the search space for the Virtual cell ID from 504*nSCID candidates to a smaller subset. If needed the nSCID value could be signaled or coordinated in the network in order to limit further the UE complexity. It is proposed to inform RAN 1 that the reliability of the Virtual cell ID detection can be highly improved by restricting the size of virtual cell ID subset the eNodeB can configure in case of NAICS.

2.2 PDSCH resource allocation

In [1] we discuss the possibility to consider blind detection for PDSCH resource allocation. As an alternative methodology, in order to limit the UE search space, could be to inform the UE whether NC PDSCH can be assumed to be allocated over a certain minimum of consecutive PRBs, e.g. resource block groups (RBG). This approach would restrict the UE search space and save some complexity. However, the preferred option is to consider blind detection. 
Proposal 2: 
Option 1. 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.   

Option 2: As 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.
Option 1 is the preferred option.

2.3 MBSFN subframe configuration

In [1] MBSFN subframe configuration blind detection has been discussed. Considering MBSFN subframe structure we think that blind detection is feasible. However two options are proposed, as in [1]:

Proposal 3: 

Option 1. NCs MBSFN configuration could be blindly detected. 

Option 2. The eNodeB indicates the UE whether to consider the same MBSFN configuration in the NCs as in the serving cell.

3 Parameters for which some coordination to limit the signalling overhead and signalling is beneficial:

3.1 PB and PA
UE specific RSs, when present, are transmitted in the same manner as the corresponding data, so the complete channel may be determined thanks to these RSs. This is however not the case when the interfering signal is associated to CRS since the channel over which the data symbols are transmitted may be scaled differently than the channel seen by CRS. The data to RS EPRE is used in order to inform the UE about the correct scaling between data and CRSs. The data to RS EPRE is signaled for the serving cell via an RRC signaling referred to as PA and PB in the specifications. PA is the ratio with respect to data symbols in OFDM symbols that do not carry CRS while PB represents the energy ratio between data symbols in OFDM symbols carrying CRS and data symbols in OFDM symbols not carrying CRS. While PA is per UE and dynamically varying during the transmission, PB is configured in a semi static way. However, even if PB is semi statically configured in the neighbor cells, considering that the identity of the strongest cell(s) to cancel varies, the UE will need to estimate in a continuous way also the parameter PB and it won’t be necessarily possible to assume that the estimation can be done over a long period. The same parameterization could be reused for describing characteristics of interfering signals and values for NCs PA and PB could be signaled to the UE. However, in order to limit the potential signaling overhead which would incur due to continuously varying power ratios, some eNodeB restrictions could be considered such as for example sending a single PA value per NC (rather than per UE) or consider a constant or semi-static PA value rather than allowing this parameter to change in a very dynamic way, or signaling whether the same PA and PB values can be considered in the network (serving cell and neighbor cell). The details related to this are of course to be discussed in RAN 1.

Additionally, it was already highlighted that PA values are available only for 16QAM and 64QAM modulation. The same signaling could be used also for QPSK modulation for the NCs.

Proposal 4: Consider that PA and PB are coordinated in the eNodeB  to limit the signaling overhead and then signaled to the UE and hence the UE does not need to perform blind detection of those parameters. RAN 4 can also consider that PA value is available also for QPSK modulation (not only for QAM modulation). Signaling or network coordination details are left for RAN 1 discussion. 
3.2 QCL/PQI State

In rel-11 TM10 was introduced. One of the main differences between TM9 and TM10 is the support for non quasi-colocated antenna ports with respect to the main channel characteristics, such as delay spread, Doppler spread, Doppler shift, average gain and average delay. Hence, RAN 1 has developed certain quasi-colocation assumptions which tell the UE which RSs to use in order to estimate certain channel parameters, e.g. it may inform the UE to use specific CSI-RS resources to estimate the average delay, or specific CRS resources in order to estimate frequency error for a given PDSCH transmission. This information is conveyed to the UE via PQI signaling where PQI stands for “PDSCH mapping and quasi-co-location information”. This allows the UE to have correct channel estimation even if the PDSCH transmission comes from a transmission point which is different from the serving cell, or if it transmitted from several transmission point depending on the eNodeB transmission strategy.

The PQI signaling is defined in 36.331 and involves the following:

The QCL assumptions:

· CRSs which can be used for frequency error estimation,

· The CSI-RS resources which can be used for timing error estimation 

And additional field related to CRS APs, MBSFN subframe configuration, the PDSCH starting symbol, the CSI-RS ZP configuration.

Under NAICS SI, the UE has to be able to perform channel estimation of the neighbor cell interferers. Whenever the neighbor cell schedule data by considering TM10 and in particular by considering a CoMP schemes, it seems necessary for the NAICS UE to know the NC QCL assumptions in order to perform correct channel estimation. In fact without proper handling of quasi co-located information, if the aggressor cell utilizes TM10, the cancelation performance will be degraded as seen also in CoMP study.   

As the UE can not blindly estimate the QCL assumption of the NC, these parameters need to be signaled to the UE. However, considering that the QCL assumptions can change on a subframe basis, and that are UE specific, sending full NC PQI signaling incurs a large signaling overhead. Hence, it is proposed to define some coordination mechanisms, such as for example defining fixed associations between specific sets of DM-RS sequence with specific PQI states and signal these associations. Several alternatives may exist in order to reduce the signaling overhead and details are left for discussions in RAN 1. It is however important to point out to RAN 1 that: 
Proposal 5: NC QCL assumption parameter needs to be considered as additional information the NAICS UE needs in order to efficiently cancel TM10 NC signals. In addition, blind detection of the QCL assumptions is complex and full NC PQI signaling requires a high overhead. Hence some coordination (such as fixed associations between DM-RS sequences and selected PQI states or other alternatives) should be discussed in order to reduce the signaling requirements.    
4 Parameters which are not necessarily needed for the receivers under considerations

4.1 CSI presence and pattern
CSI-RSs are used in LTE in order to provide accurate channel state information. In each cell they can be configured as NZP CSI-RS or ZP CSI-RS. CSI-RS transmissions may occur every 5th, 10th, 20th , 40th , or 80th subframe according to an RRC configured periodicity parameter and an RRC configured subframe offset.
Many different CSI-RS pattern are available. For the case of 2 CSI-RS antenna ports there are 20 different patterns within a subframe and 10 and 5 patterns for 4 and 8 CSI-RS antenna ports, respectively. For TDD, some additional CSI-RS patterns are available. The CSI-RS patterns can be used for NZP CSI-RS or ZP CSI-RS. The PDSCH is mapped around the REs occupied by CSI-RS and zero-power CSI-RS so, in general for demodulation purposes it is important that that both the network and the UE are assuming the same CSI-RS/zero power CSI-RS. Not only the serving cell signal, but also the neighbor cells which the NAICS UE intend to cancel might be configured with NZP or ZP CSI-RSs. Hence, in theory not only the patterns used in the serving cell but also the patterns used in each neighbor cell should be known by the UE. However, certain receivers are more robust to the exact knowledge of the specific NC CSI patterns. For example, IRC receivers, E-IRC receiver and SLIC do not necessarily require the exact knowledge of the CSI-RS pattern.

In order to limit the signalling overhead, the following is suggested:
Proposal 6: No need to signal the information on the exact CSI-RS pattern for receivers such as E-IRC and SLIC as they are robust to the exact knowledge of this parameter.  It is proposed to discuss more the need for this parameter in future releases if needed.
4.2 MCS

The UE has to know the exact MCS scheduled in each PRB or set of consecutive PRBs (depending on the scheduling granularity) for each interfering cell. If this parameter needs to be explicitly signalled to the NAICS UE it would require a very large signalling overhead. An other alternative would be to coordinate the MCS values in the networks, but this can lead to overall system capacity losses. If the UE has to blindly detect this parameter, it needs, as for the exact PDSCH resource allocation, to read NC PDCCH which require high complexity and high SNR. 
It is however recognized that the exact knowledge of the MCS is required only for certain receivers which attempt to explicitly demodulate and decode the NC data before reconstruction and cancellation. For other receivers, (E-IRC, SLIC, R-ML) the explicit knowledge of the MCS is not needed.

Hence the following is proposed:

Proposal 7: No need to signal the information on MCS value used in NCs for receivers such as E-IRC, SLIC and ML as they are robust to the knowledge of this parameter. It is proposed to discuss more the need for this parameter in future releases if needed. 

5 Conclusions

In this paper we have discussed the parameters for which partial or full signalling could be beneficial and the parameters which are not needed for the receivers under analysis.

The following is proposed:

Proposal 1: In order to limit the UE complexity which comes from a full blind detection of the Virtual cell ID used for the neighbor cells, consider restricting the search space for the Virtual cell ID from 504*nSCID candidates to a smaller subset. If needed the nSCID value could be signaled or coordinated in the network in order to limit further the UE complexity. It is proposed to inform RAN 1 that the reliability of the Virtual cell ID detection can be highly improved by restricting the size of virtual cell ID subset the eNodeB can configure in case of NAICS.

Proposal 2: 
Option 1. 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.   

Option 2: As 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.
Option 1 is the preferred option.

Proposal 3: 
Option 1. NCs MBSFN configuration could be blindly detected. 
Option 2. The eNodeB indicates the UE whether to consider the same MBSFN configuration in the NCs as in the serving cell.
Proposal 4: Consider that PA and PB are coordinated in the eNodeB to limit the signaling overhead and then signaled to the UE and hence the UE does not need to perform blind detection of those parameters. RAN 4 can also consider that PA value is available also for QPSK modulation (not only for QAM modulation). Signaling or network coordination details are left for RAN 1 discussion. 
Proposal 5: NC QCL assumption parameter needs to be considered as additional information the NAICS UE needs in order to efficiently cancel TM10 NC signals. In addition, blind detection of the QCL assumptions is complex and full NC PQI signaling requires a high overhead. Hence some coordination (such as fixed associations between DM-RS sequences and selected PQI states or other alternatives) should be discussed in order to reduce the signaling requirements.   
Proposal 6: No need to signal the information on the exact CSI-RS pattern for receivers such as E-IRC and SLIC as they are robust to the exact knowledge of this parameter.  It is proposed to discuss more the need for this parameter in future releases if needed.
Proposal 7: No need to signal the information on MCS value used in NCs for receivers such as E-IRC, SLIC and ML as they are robust to the knowledge of this parameter. It is proposed to discuss more the need for this parameter in future releases if needed. 
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