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1 Introduction 
In RAN1#76bis, the following working assumption was made on higher layer signaling for NAICS:
· Following parameter could be signalled by higher-layer signalling

· Information related to PB
· Set of less than 8 power offset values

· Subset of virtual cell ID

· FFS: Cell ID, CRS ports, MBSFN pattern, QCL, Supported TM, signalling or restriction related to “no Type-2 distributed resource allocation”, zero-power and non-zero-power CSI-RS, CFI

· Higher-layer signalling is configured per component carrier

· Further study is needed about blind detection or higher-layer signalling for system bandwidth, synchronization indication

This contribution discusses some considerations on this.

2 Higher Layer Signalling
The candidate parameters for higher layer signaling are [1]:

· Resource allocation granularity (e.g., a group of PRB or PRB pairs)

· RA type (e.g., type 0, LVRB, Ngap used for DVRB)

· System bandwidth

· Synchronization indication (e.g., CP length)

· CSI-RS configuration

· QCL

· Cell-ID

· CRS ports

· MBSFN pattern

· ρB/ρA
Resource allocation granularity & RA type are related.  Signalling a RA granularity greater than 1 PRB or a type of RA would impose restrictions on the interfering cell’s scheduler.  However, having no restriction would require the UE to blind decode every slot of each PRB (i.e. Type 2 distributed resource allocation).  Hence to balance between scheduler flexibility and UE complexity, for NAICS operation, a 1 PRB granularity should be used, and this has already been agreed by RAN4.  
Proposal 1: The resource allocation granularity for NAICS is 1 PRB as per RAN4 agreement.

In RAN4 it was considered unfeasible to perform interference cancellation/suppression if Type 2 distributed resource allocation is used in the interfering cell. Therefore the presence of NA signalling for an interfering cell could be interpreted as an implicit indication that Type 2 distributed resource allocation is not used in that interfering cell.
Proposal 2: It can be specified that if NA signalling of any kind is provided for an interfering cell, the UE can assume that Type 2 distributed resource allocation is not used in that cell.
System bandwidth & synchronization indication are static parameters and therefore would not impose any restriction to the interfering eNB operation.  However, system bandwidth can be easily detected by the UE by reading the interfering cell’s MIB and CP length can be obtained as part of PSS/SSS detection of the interfering cell (which is required to perform measurements).  Hence, there is no need to signal these parameters.
Proposal 3: System bandwidth and synchronization indication of the interfering cell are not signaled to the NAICS UE in the serving cell.

CSI-RS has a large number of possible configurations and it is difficult for UE to blind detect.  The UE aware of CSI-RS configuration would know which REs are used for PDSCH and which are not and take this into account when cancelling interference.  For pre Rel-10 UEs, PDSCH transmission is punctured by CSI-RS and therefore the density of CSI-RS is designed to minimize the impact on the performance.  Similarly, the density of CSI-RS is small and would not have significant impact to the interference cancellation performance.  For TMs 9 and 10, PDSCH is rate-matched around CSI-RS, but since CWIC receivers are not considered in this WI knowledge of the CSI-RS RE locations is still not needed. Therefore, it can be concluded that CSI-RS configuration does not need to be signaled.
Proposal 4: CSI-RS configuration of the interfering cell does not need to be signaled to the NAICS UE in the serving cell.

QCL consists of a semi-static portion (CRS to CSI-RS) and a dynamic portion (PQI linking the CSI-RS to DMRS), which can help the UE improve its channel estimation under TM10 operation when Behavour B is configured.  It is difficult to signal the dynamic portion, and any restriction would nullify any potential performance gain from Behaviour B compared to Behaviour A – in other words, the UE might as well assume Behaviour A in relation to the interfering cell.  The semi-static portion (CRS to CSI-RS link) of QCL can be higher layer signaled but, without the dynamic portion, the victim UE would not be able to associate the (interfering) CRS with the (interfering) DMRS and therefore cannot be used to improve its channel estimation.  Furthermore the CSI-RS configuration of the interference cell is required in order to make any association.  Therefore it is proposed that QCL information is not signaled to the NAICS UE.
Proposal 5: QCL configuration of the interfering cell does not need to be signaled to the NAICS UE in the serving cell. The UE can assume QCL Behaviour A for any interfering cell for which NA information is provided. 
Cell-ID, CRS ports and MBSFN pattern are relatively static parameters and signalling their values semi-statically would therefore impose minimal restriction to the eNB operation.  The signaling for these parameters are already available for FeICIC operation in Rel-11 and hence such signalling can be reused.  Therefore Cell-ID, CRS ports and MBSFN patterns of the interfering cell should be signalled to the NAICS UEs at the serving cell.
Proposal 6: Cell-ID, CRS ports and MBSFN patterns of the interfering cell are signalled to the NAICS UEs at the serving cell.

The power ratio ρB/ρA are known from the PB value and it has already been agreed in RAN1#76bis that PB is signaled to the NAICS UE.  Hence no further signaling is required for this power ratio.
3 Subset Restriction

The following parameters are identified in the WID [2] for blind detection by the UE:
· Presence or absence of interference 

· Transmission modes (TM)

· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern

· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)
To help the UE in blind detection, it has been suggested that some subset restriction is applied to these parameters.  We go through possible subset restriction of these parameters.
The presence and absence of interference in the scheduled PRBs of a NAICS capable UE is dynamic.  Since it is not practical for an interfering cell to schedule in advance and inform the serving cell on the activity of each PRB [3], the presence of any interference needs to be detected by the UE
Proposal 7: The presence and absence of interference in each PRB of an interfering cell is detected by the UE.
Transmission Scheme/Mode: The number of CRS antenna ports is proposed to be signaled, and if only 1 CRS antenna port is used, then the UE would be able to infer that TM1 is used.  In addition to the primary transmission scheme, TM3 to TM9 also support transmit diversity as fallback scheme, and so blind detection of the transmit diversity scheme needs to be supported in all cases, and this would also cover blind detection of TM2.  If any restriction is applied, it should cover CRS and DMRS transmission scheme.  Excluding TM2, CRS transmission consists of {TM3, TM4, TM6} and DMRS transmission consists of {TM5, TM7, TM8, TM9, TM10}.  If the UE is able to differentiate between CRS and DMRS transmission then at most there are only 5 TMs that need to be blind detected, which is not a significant number.  There is therefore no need to impose any restriction at the TM.
Observation: Since the UE can know about the use of TM1, and blind detection of TM2 is anyway necessary because of the fallback operation in all other TMs, it is not a significant increase in complexity to blind detect the transmission scheme in all cases.
Proposal 8: The Transmission Scheme of each PRB of the interfering cell is blindly detected by the UE.
Parameters of DMRS based TMs:  The DMRS ports and modulation order are dynamic parameters which would have significant impact on the eNB scheduler if any restriction is applied.  Hence they need to be blindly detected by the UE.  There are only two nSCIDs which is a small search space for UE to blind detect.  It should be noted that the DMRS ports, modulation and nSCID are already agreed to be blindly detected by the UE in RAN4.    
In RAN1#76bis, it is agreed to restrict the virtual cell ID.  The number of virtual cell ID depends on the expected number of CoMP cluster configured for typical operation.  In each cluster, more than one virtual cell ID may be required if MU-MIMO is used.  The number of virtual cell ID would need further evaluation. 
Proposal 9: DMRS ports, modulation order and nSCID of each PRB of the interfering cell are blindly detected by the UE as per RAN4 agreement.
Parameters of CRS-based TMs: The PMI, number of layers and modulation order are dynamic parameters where any subset restriction applied would have a significant impact on the eNB scheduler.  These parameters are already agreed to be blindly detected by the UE in RAN4.  Hence these parameters should be blindly detected by the UE.  
Proposal 10: PMI and number of layers of each PRB of the interfering cell are blindly detected by the UE as per RAN4 agreement.
CFI is a dynamic parameter (i.e. changes every sub-frame) and restriction on this parameter would have some impact to the eNB operation.  However, CFI restriction is already used in CoMP and CA and hence such a restriction would be acceptable.  If no restriction is applied, the UE could assume that PDSCH always starts at the 4th OFDM symbol and suppress/cancel the interference from that point on, which would place an upper limit on the gain of NAICS.  It is therefore proposed that the interfering cell indicate whether the CFI is fixed or not fixed.  If it is fixed then it will indicate the CFI value.
Proposal 11: The interfering cell indicates whether its CFI is fixed or not fixed.  If it is fixed, the actual CFI value is signaled to the UE.

Any subset restriction may have some impact to the interfering cell and hence such restriction should only be applied when necessary.  To reduce the subset restriction, it can be limited to a subset of PRBs in the interfering cell, and the interfering cell can indicate which PRB contains subset restriction to the serving cell.  Additional flexibility would be given to the interfering cell if different PRBs can have different levels of subset restriction.  
Proposal 12: Subset restriction can be applied to a subset of PRBs at the interfering cell and these PRBs are signaled to the serving cell.
Proposal 13: Each PRB in the subset of PRBs can have different subset restriction.

4 Conclusions
In this contribution higher layer signaling and subset restriction are discussed.  We observe the following:

Observation: Since the UE can know about the use of TM1, and blind detection of TM2 is anyway necessary because of the fallback operation in all other TMs, it is not a significant increase in complexity to blind detect the transmission scheme in all cases.
And we propose the following: 
Proposal 1: The resource allocation granularity for NAICS is 1 PRB as per RAN4 agreement.

Proposal 2: It can be specified that if NA signalling of any kind is provided for an interfering cell, the UE can assume that Type 2 distributed resource allocation is not used in that cell.
Proposal 3: System bandwidth and synchronization indication of the interfering cell are not signaled to the NAICS UE in the serving cell.

Proposal 4: CSI-RS configuration of the interfering cell does not need to be signaled to the NAICS UE in the serving cell.

Proposal 5: QCL configuration of the interfering cell does not need to be signaled to the NAICS UE in the serving cell. The UE can assume QCL Behaviour A for any interfering cell for which NA information is provided. 
Proposal 6: Cell-ID, CRS ports and MBSFN patterns of the interfering cell are signalled to the NAICS UEs at the serving cell.

Proposal 7: The presence and absence of interference in each PRB of an interfering cell is detected by the UE.
Proposal 8: The Transmission Scheme of each PRB of the interfering cell is blindly detected by the UE.
Proposal 9: DMRS ports, modulation order and nSCID of each PRB of the interfering cell are blindly detected by the UE as per RAN4 agreement.

Proposal 10: PMI and number of layers of each PRB of the interfering cell are blindly detected by the UE as per RAN4 agreement.

Proposal 11: The interfering cell indicates whether its CFI is fixed or not fixed.  If it is fixed, the actual CFI value is signaled to the UE.

Proposal 12: Subset restriction can be applied to a subset of PRBs at the interfering cell and these PRBs are signaled to the serving cell.
Proposal 13: Each PRB in the subset of PRBs can have different subset restriction.
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