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1 Introduction
In the last RAN1 #77 meeting, the following agreements were reached on higher-layer signalling for NAICS: 
· The following parameters of interfering cells are signaled by higher layer

· Cell ID, PB
· CRS ports, i.e., 1, 2, and 4
· MBSFN pattern
· Restricted subset of combination of virtual cell ID and nSCID for TM10

· Maximum subset size of combination of virtual cell ID and nSCID is in the range from 6 to 12, but number of blind detection in a subframe may be less than maximum subset size of combination of virtual cell ID and nSCID
· Restricted subset of PA 

· Subset size of  PA  at most 3 (baseline) or 4 values
· Data RE to RS power offset values should apply to QPSK PDSCH transmissions 

·  The exact values of PA will be determined until RAN1#78, including existing values and possible new values
· Working assumption: TM(s) used in eNB
· “x” bits to represent supported TMs, i.e., TM1, TM2 (a “fallback” mode),TM3,TM4,TM6,TM8,TM9,TM10
· FFS: QCL
· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)
· FFS: PDSCH starting position

· FFS: TDD UL/DL configuration of interfering cells
· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells are not signaled

· Synchronization of those parameters can be implicitly assumed at the UE when any higher layer signaling for NAICS is present

· UEs can assume the interference PDSCH resource allocation is at least 1 PRB pair when higher layer signaling for NAICS is present

· A larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network

· FFS: How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)
· Network assistance signalling from serving eNB can be provided to UEs without any new NAICS-specific report/trigger from a UE
· FFS: Network assistance signalling from serving eNB can be provided to UEs with new NAICS-specific trigger, and if so the triggering event/condition
· RAN1 will continue the discussion whether to support of 4 CRS APs based CRS-based TMs and whether NAICS precoding matrix assistance signalling may be needed in this case.
· FFS: Scheduler/Signaling flexibility
In this contribution, we discuss the remaining issues about higher layer signalling for NAICS and give out some of our proposals.

2 Higher Layer Signalling for NAICS
QCL for TM10
QCL information of an interfering UE may be benefit for the interfering channel estimation for NAICS. However, due to QCL information is indicated dynamically in TM10, and its UE-specific characteristic makes it show dynamic characteristic for the victim UE especially for QCL type B. As a result, it may be difficult to be indicated to the victim UE in time through higher layer signalling. 
Therefore, the following approaches may be considered regarding QCL problem for NAICS:

Alt 1: QCL type A is always assumed by the victim UE without network coordination.
No higher layer signalling for QCL information is needed. Both QCL type A and type B may be configured in the interfering cell. But QCL type A is always assumed by the victim UE for the interfering channel estimation. As a result, performance loss may be suffered especially when QCL type B is configured for the interfering cell. 

Alt 2: QCL type A is always assumed by victim UE with network coordination.
No higher layer signalling for QCL information is needed. But only QCL type A can be configured in the interfering cell when coordinated between the interfering cell and the serving cell. QCL type A is assumed by the victim UE for the interfering channel estimation. As a result, there is no mistake for QCL type A and QCL type B for the victim UE. But some scheduling restriction for the interfering cell related to QCL type will occur, which may lead to some system performance loss.
Alt 3: QCL information is indicated through higher layer signalling with association between VCID+nSCID combination and CSI-RS and CRS.

There are only two VCID+nSCID combinations for a UE, but it would have three cooperative TPs in DPS CoMP operation which has maximum three CSI-RS resource or CRS configuration. As a result, QCL association between VCID+nSCID combination and CSI-RS and CRS is not perfectly matched with each other, or it would have some restriction for DPS CoMP operation for example restricting the number of cooperative TPs in DPS CoMP operation to be only two, which in turn may cause some system performance loss.
In summary, all of the three alternatives may lead to system performance loss more or less, which may need RAN4 evaluation. Unless RAN4 concludes the necessity of QCL signalling for NAICS, Alt 1 could be selected and no higher layer signalling for QCL is needed for NAICS.
Proposal 1: Whether QCL information should be higher layer signalled needs RAN4 evaluation. Unless RAN4 concludes the necessity of QCL signalling, Alt 1 could be selected and no higher layer signalling for QCL is needed for NAICS.
VCID and nSCID for TM10
Considering the maximum number of cooperative cells is 3 for a CoMP UE in TM10, it seems that 6 VCIDs associating with nSCID 0 and 1 respectively per candidate interfering cell may be indicated. However, the set of cooperative cells is configured in a UE-specific way, which means that the maximum number of cooperative cells for a cell could be possibly more than 3. On the other hand, since VCID and nSCID are also configured in a UE-specific way, there may be more than two VCID and nSCID combinations for a cell. For example as in Figure 1, Victim UE from cell 1 is interfered by Interfering UE1, Interfering UE2 and Interfering UE3 at time t, t+1 and t+2 respectively, since Interfering UE1, Interfering UE2 and Interfering UE3 have different cooperative cells resulting different VCID and nSCID combinations, thus only two VCID and nSCID for cell 2 as NAICS information is not sufficient. Furthermore, if Victim UE is a CoMP UE served by cell 1 and cell 2, MU performance would be suffered if cell 2 is only configured with two VCID and nSCID combinations. With the cells in the future deployment getting more and more dense such as dense small cell scenario, we think 6 VCIDs associating nSCID 0 and 1 respectively per candidate interfering cell indicated through higher layer signalling is not sufficient. It seems that the more VCIDs are indicated per candidate interfering cell, the less scheduling restriction impact on the candidate interfering cells, but more signalling overhead and more blind detection complexity for the victim UE. Thus, the size of VCID and nSICD combinations should be determined by RAN4 according to its evaluation considering both system performance and blind detection complexity.
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Figure 1 An example of VCID and nSCID configurations for the victim UE(s) and the interfering UE(s)
Proposal 2: More than 6 VCIDs associating nSCID 0 and 1 respectively per candidate interfering cell should be indicated, and the size of VCID and nSCID combinations should be determined by RAN4 according to its evaluation.
ZP/NZP-CSI-RS configuration

ZP/NZP-CSI-RS from the interfering cell can be of no interference or CSI-RS interference other than PDSCH interference. If ZP/NZP-CSI-RS from the interfering cell is not known by the victim UE, it will mistake no interference or CSI-RS interference to PDSCH interference, and take the operation like PDSCH IS/IC, which may lead some system performance loss. 
Since PDSCH RE mapping of the interfering cell is important for TM2, TM3 or the fallback mode of other TMs, ZP/NZP-CSI-RS configuration of the interfering cell should be indicated to victim UE.

Furthermore, although zero-power and non-zero-power CSI-RS resource is configured in UE-specific higher-layer signalling, but they normally are allocated in TP-specific way in real situation, which makes indicating them through higher layer signalling from the serving cell feasible.

Proposal 3: ZP/NZP-CSI-RS configuration should be indicated to the victim UE through higher layer signalling.

PDSCH starting position

When PDSCH start symbol (CFI) of the interfering signal is configured by PCFICH from the interfering cell, it is one of dynamic interfering transmission parameters. While when PDSCH start symbol of interfering signal is configured by higher layer signalling, it also shows dynamic characteristic of interfering transmission parameters for the victim UE [2]. As a result, indicating PDSCH start symbol (CFI) to the victim UE through higher layer signalling from the serving cell seems not feasible.
The following alternatives could be considered for PDSCH starting problem for NAICS: 
Alt 1: PDSCH start symbol (CFI) is blindly detected by the victim UE. However, this approach may increase the complexity of blind detection for the victim UE, and its performance also needs further evaluation by RAN4.
Alt 2: the victim UE always assumes the maximum PDSCH starting symbol for the interfering cell, for example 3 for NRB ≥ 10RB and 4 for NRB < 10RB or always 4 for any system bandwidth configuration. There is no restriction for scheduling of interfering cell and no higher layer signalling for PDSCH starting symbol. However, when the real PDSCH starting symbol of the interfering cell is mismatched with the assumed value, some NAICS performance gain may be lost.
Alt 3: the victim UE always assumes the same PDSCH starting symbol between the interfering signal and itself. This approach is simple and there is no need for higher layer signalling for PDSCH starting symbol, but it may reduce IS/IC probability at UE side.
All the above three approaches do not need higher layer signalling for PDSCH starting symbol for the interfering cell. 
Proposal 4: No higher layer signalling for PDSCH starting symbol is preferred.
TDD UL/DL configuration of interfering cells

TDD UL/DL is configured in a cell-specific way. However, it may be configured dynamically in eIMTA, which makes it difficult to track TDD UL/DL configuration of the interfering cells in time through higher layer signalling.

Thus, the following ways could be considered for UL/DL configuration problem for NAICS: 

Alt 1: since UE needs only perform NAICS in the downlink, it can recognize downlink subframe through blind detection (e.g., by checking whether CRS is exist in the subframe). And no higher layer signalling need to be indicated for UL/DL configuration of the interfering cell.

Alt 2: similar to those parameters such as CP, slot, SFN and so on, the victim UE can implicitly assume TDD UL/DL configuration of the interfering cell is the same as the serving cell when no higher layer signalling for NAICS is present. 
For Alt 1, it may be difficult for a UE to recognize whether CRS is exist for a certain interfering cell, especially when the UE is interfered by several interfering cells and among which some may have the same CRS position. Thus, Alt 2 is slightly preferred for NAICS.

Proposal 5: No higher layer signalling is needed for TDD UL/DL configuration of interfering cells, and it could be implicitly assumed the same as the serving cell.
TMs used in eNB

There is a proposal to indicate transmission scheme(s) via higher layer signalling. However, it is better not use transmission scheme(s) as an alternative higher layer signalling to TM(s) for the following reasons:
· Different TMs contains different set of interfering transmission parameters, such difference may not be shown by a transmission scheme representing different TMs.

· Using transmission scheme(s) to replace TM(s) seems not able to reduce blind detection complexity. Since the victim UE still need to jointly blind detect the transmission scheme(s) and RI to confirm the exact TM(s) which the interfering signal used. Usually the four possible transmission schemes may all exist in a cell. 
· If indicating a subset of transmission schemes, then the scheduling restriction for the interfering cell is obviously more severe than that of indicating a subset of TMs.
To reduce UE complexity, we think a 2 bits higher layer signalling to inform the subset of supported TMs is enough, which means that the subset size of supported TMs is set to 4 for an interfering cell. 
Proposal 6: 2 bits higher layer signalling is proposed to indicate the subset of supported TMs.
3 Conclusion

In this contribution, we have discussed some remaining issues about higher layer signalling for NAICS, and the following proposals are given: 
Proposal 1: Whether QCL information should be higher layer signalled needs RAN4 evaluation. Unless RAN4 concludes the necessity of QCL signalling, Alt 1 could be selected and no higher layer signalling for QCL is needed for NAICS.
Proposal 2: More than 6 VCIDs associating nSCID 0 and 1 respectively per candidate interfering cell should be indicated, and the subset size of VCID and nSCID should be determined by RAN4 according to its evaluation.
Proposal 3: ZP/NZP-CSI-RS configuration should be indicated to the victim UE through higher layer signalling.
Proposal 4: No higher layer signalling for PDSCH starting symbol is preferred.
Proposal 5: No higher layer signalling is needed for TDD UL/DL configuration of interfering cells, and it could be implicitly assumed the same as the serving cell.
Proposal 6: 2 bits higher layer signalling is proposed to indicate the subset of supported TMs.
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