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1. Introduction
RAN1#76bis concluded with the following working assumption [4]: 
Working assumption:
· 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

RAN4 also made the following agreement on semi-static interference parameters:

· Cell ID is needed for higher layer signaling
· 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
· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS
On dynamic parameters detection, RAN4 also agreed:

· CRS based TMs: Dynamic parameters namely modulation, PMI, RI, presence of interferer can be jointly and blindly detected for 2 CRS Aps case under assumption that remaining semi-static parameters, PA, and TM are known and under scenarios studied in RAN4. There is no consensus on 4 CRS port scenarios.

· Known parameters are assumed to be signaled or blindly detected correctly

· DMRS based TMs: Dynamic parameters namely modulation, RI, DMRS ports, nSCID, and presence of interferer can be jointly and blindly detected for 2 DMRS ports (port 7 and 8) under assumption that remaining semi-static parameters and TM are known and under scenarios studied in RAN4

· Known parameters are assumed to be signaled or blindly detected correctly

· TM7 not supported by NAICS

· For TM10, blind detection of nSCID is FFS

· 4 Tx with 2 DMRS ports needs confirmation

· Following parameters are necessary to be restricted (Restriction indicated by HL signaling) 

· P_A values should apply to QPSK transmissions 

· P_A subset for further study

· For information, agreements above hold true at least for the following assumptions. Other assumptions are not precluded.

· Serving cell with two interferers: Cell ID (0, 6, 1), CRS ports (2-tx), No MBSFN and no detection at UE

· Synchronized deployment with SFN alignment, same CP, slot alignment, no frequency error

· P_B known (P_B = 1), LVRB
· NAICS performance under mixed TM scenarios should be studied. 

· Companies should indicate assumption made when detecting TM
· Non-colliding CRS pattern for the dominant interferer should be considered in NAICS study

In this contribution, we provide views and analysis to further conclude the FFS issues in RAN1, especially in light of the conclusions in RAN4.
2. HL signaling parameters  
Three RAN1 FFS items, i.e., cell ID, system BW, and synchronization indication were made clear in RAN4 agreement:

· Cell ID is needed for higher layer signaling

· 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

Proposal #1: RAN1 can conclude that cell ID will be included as part of the cell-specific higher layer signaling. When NAICS signaling is present, synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed at the UE.

CRS ports 

The number of CRS antenna ports (FFS), if not signaled or can be assumed to be the same as CRS ports number of the desired cell, may be detected from interference PBCH or by detecting whether CRS port #2 & 3 are present. For the latter approach, given the MBSFN information is unknown; the UE may rely only on the 2nd OFDM symbol for detecting CRS port #2 and 3 (possibly colliding with desired CRS or PDCCH from desired cell). The UE can also use non-MBSFN subframes #0,4,5,9 if the interference cell and desired cell are radio frame aligned. Therefore, decoding interference PBCH may be a more reliable way to obtain CRS port information, rather than by detecting the presence of CRS #2 and #3.  At low geometries, the interference cell’s PBCH is more likely to be decodable, compared to the case of mid and high geometries. Note that the UE does not know if PBCH is sent with 4-Tx or 2-Tx TxD scheme. To improve detection, PBCH-IC may be helpful under radio-frame alignment. But if SFN are not aligned, PBCH-IC complexity can be a concern, as discussed in Rel-11 FeICIC. If the UE needs more than one segment to decode PBCH, that will incur additional complexity and delay. 
Overall, even though PBCH may be decodable, CRS port number signaling can be easily signaled to remove any risk of decoding error/delay and receiver complexity, while not incurring any constraint to the network. Especially since SFN and system BW synchronization can be implicitly assumed if NAICS signaling is present, the requirement to decode interference PBCH only to obtain CRS ports seems unnecessary.
MBSFN 
If MBSFN subframe pattern is not signaled, the UE has to detect it. When SFN is synchronized, there are up to 6 MBSFN subframes in each radio frame for detection (note the pattern could change in the next radio frame from desired cell perspective). But if SFN is not aligned, the UE has to detect every subframe of the interference cell. The UE must also detect whether MBSFN subframe is used for PMCH or DMRS-based PDSCH. If the desired cell is PMCH, there is no need to apply NAICS of course. In the case when PMCH from the interference cell interferes with PDSCH at the desired cell, which could be rare since neighboring cells are often in the same MBSFN area except at the boundary of the area, the UE may want to cancel PMCH. If MBSFN is used for TM8/9/10 PDSCH in both desired and interference cells, the UE can apply NAICS. 
The detection of MBSFN may be based on detecting whether CRS is present after PDCCH region. Since PDSCH or PMCH, instead of CRS, may be present at those CRS positions and they are under the interference of desired cell’s CRS (if colliding) or PDSCH, false or missed detection will happen especially since the detection has to be on a PRB or PRB-pair level. False detection of MSBFN subframe will lead to no CRS-IC and missed detection of CRS-based PDSCH (since only DRMS-based PDSCH is possible on MBSFN subframes). Mis-detection can lead to completely wrong channel estimation, incorrect CRS-IC, and unnecessary detection of CRS-based PDSCH.   
In LTE Rel-11, it is already made possible to signal, via the RRC message below, a list of neighboring cell IDs, the CRS ports, and the MSBFN subframe patterns, i.e., 

CRS-AssistanceInfo ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1}

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
}

Proposal #2: Rel-12 NAICS can follow Rel-11 design where CRS ports and MBSFN pattern can be higher-layer signaled to avoid detection complexity and false/missed detection of MBSFN subframes.  
LVRB/DVRB
RAN4 agreed on “Interferer parameters are assumed to have granularity of at least 1 PRB pair in time.” RAN1 should define RRC signaling to indicate to the UE that LVRB is used, or the UE can implicitly assumed so if NAICS signaling is present. 
DVRB is mainly used for small amount of data (e.g., VoIP) that fit within two PRBs but still wish to exploit some frequency diversity. It was reported that DVRB may accommodate ~1.5% more VoIP users than LVRB due to the diversity gain.  But for cell edge user where interference dominates, NAICS gain can easily outweigh the loss of frequency diversity.
Proposal #3: Define RRC signaling to indicate that LVRB is used, or the UE can implicitly assume so when NAICS signaling is present.  
PB and PA 

Cell specific ratio ρB/ρA is signaled by PB out of four values. RRC configuration from serving cell can provide this value to the UEs. ρA depends on 2 or 4 CRS ports, and δpower-offset which is 0dB except for MU-MIMO in TM, and a UE specific parameter PA which can take eight values (i.e., {-6, -4.77, -3, -1.77, 0,1,2,3}dB). 
RAN1 agreed the signaling of

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

where the information related to PB could be the PB itself or some other representation. RAN4 agreed on “ρB/ρA ratio (i.e. PB) should be signaled by the higher layer”. So we can make it a formal agreement that 

Proposal #4: PB will be RRC signaled.  
RAN1 agreed on the signaling of a reduced set of power offset values, which could be a subset of all the eight values of PA, or with new values since this set will also apply to QPSK cases. RAN4’s conclusion on blind detection of dynamic parameters was under the assumption of known PA, and also:
· Following parameters are necessary to be restricted (Restriction indicated by HL signaling) 

· P_A values should apply to QPSK transmissions 

· P_A subset for further study

Some previous RAN4 evaluation has shown significant performance degradation at least when all the eight values are allowed which is confirmed by our paper [3]. A little surprisingly to us is that we observed similar degradation on 3, 5, or 8 PA levels. The deciding factor on the subset size might be the gap between levels, receiver complexity, and the actual levels used in reality. 
Proposal #5: Consider [-6, -3, 0, 3] as the PA subset. A single PA value, if acceptable to the network, may also be signaled to help remove the significant performance loss of blind detection.   
TM subset restriction  

A typical UE blind detection needs to decide the one or more interference PDSCHs to be cancelled, corresponding to one or more cells detected from all possible neighbors, and the corresponding TM and associated parameters like PMI/RI/MOD in case of CRS-based or antenna ports in case of DMRS-based. CRS-based TMs include the transmission schemes of TxD, large delay CDD, and PMI precoding. In the simple example below, we can see there can be 64 tests, on a per PRB-pair basis for each possible 2-Tx neighbor cell 
· Interference PDSCH presence or not (1 test)
· Antenna port 7/8 channel for nSCID=0 or 1 and modulation of each layer assuming not joint MOD test in case of 2 layers (4x3=12 tests)
· TxD and modulation order (QPSK/16QAM/64QAM) (3 tests)
· Large delay CDD and modulation order for the two layers assuming joint MOD test (3x3=9 tests)
· Rank-1 PMI and modulation (4x3=12 tests)
· Rank-2 PMI and modulation order assuming joint test (3x3x3=27 tests)
Even if it is just one fewer hypothesis that the UE needs to test, it will be helpful to reduce the performance degradation due to erroneous detection. As an example, TM2/3 may be the two commonly used TMs in 2-Tx deployment, and if UEs were told so, only 10 tests are needed. Possible TM subset restriction that may incur small reduction of scheduling flexibility includes: 
1. TM2 (TxD) and TM3 (large delay CDD + TxD)
2. TM4 (rank 1 or 2 with PMI) with TM6 (rank-1) as the degenerated case. TxD can still be used as a fall-back scheme in TM4/6 when DCI format 1A is used. 
· TM4 rank-2 has comparable precoding property to large delay CDD. Hence it seems this TM subset can cover subset #1 adequately. 
3. TM8/9/10 (rank-1 or 2). Again TxD can be used as a fallback scheme.
· If TM8/9/10 is desired due to advantage of unconstrained precoding, it seems these DMRS based transmission is preferred over TM4/6. Hence this TM subset can be used for all users.

RAN4 also agreed that “NAICS performance under mixed TM scenarios should be studied”, for example, TM4/9/9, TM9/4/4, and so on for desired, I1, and I2 respectively. This scenario can arise in future deployments of newer UEs with TM9/10 capability along with older UEs, in which case TM subset needs to be larger.
Proposal # 6: TM subset restriction can be signaled optionally by eNB. Consider the definition of at least three subset restrictions:
4. TM2 (TxD) and TM3 (large delay CDD + TxD)

5. TM4 (rank 1 or 2 with PMI) with TM6 (rank-1) as the degenerated case, where TxD can still be used as a fall-back scheme. 

6. TM8/9/10 (rank-1 or 2) where TxD can be used as a fallback scheme.

CSI-RS information   
If the signaling is not provided, UEs may treat CSI-RS as PDSCH and the performance might be acceptable given the low density of CSI-RS (similar to the case of CSI-RS’s impact to Rel-8 UEs). Otherwise UE needs to know the combined CSI-RS configuration for applying CSI-RS IC instead of PDSCH IC. The combined information includes all the CSI-RS ports used and the subframe offset / periodicity configuration. If the signaling is not provided, the UE should not be required to detect CSI-RS configuration (both NZP and ZP CSI-RS), which can be complex and error-prone due to the large number of configurations and candidate sequences to detect on each subframe and due to the relatively low density of CSI-RS. 
Proposal # 7:  As an option of the network, configuration information for all the CSI-RS (ports and offset/periodicity and 
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if configured) can be higher-layer signaled to the UEs. UE should not be required to detect CSI-RS configuration (both NZP and ZP CSI-RS) in the absence of signaling.
QCL information (TM10)
Type B QCL information indicates the QCL relationship between PDSCH and a certain CSI-RS. This is for dynamic point selection for example where PDSCH can come from different transmission points dynamically. It was considered inadequate for the UE to estimate the channel well enough from only DMRS contained in the PDSCH. The 2-bit filed in PDCCH format 2D dynamically indicates the RE mapping and QCL between PDSCH and one of the four pre-configured CSI-RS parameter sets. 
Interference PDSCH channel estimation should be based on DMRS. The question is whether QCL information is needed for interference channel estimation and how accurate the channel estimation if interference needs to be. In general, interference PDSCH is typically of similar power or weaker than that of desired PDSCH and the channel estimation of interference PDSCH is not going to be that accurate and performance is likely not as sensitive to channel estimation error as in high geometries where QCL can be more important. The semi-static signaling of QCL means that all the PDSCH from that cell has a fixed association with a certain CSI-RS, which makes DPS not possible.
Proposal # 8:  At eNB’s discretion, QCL information may or may not be signaled via higher layer signaling.

Virtual cell ID (TM10)
DMRS sequence in TM10 is determined by the higher-layer signaled parameter “virtual cell ID” 
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if configured (if not same as cell ID). It can take 504 values which is impossible to detect.
Proposal # 9:  A subset of virtual cell ID should be signaled in case of TM10. The exact size of the subset may not need to be defined in the spec, but a starting point to consider in practice or test definition is 2 virtual cell IDs, similar to the two nSCID values allowed in TM9.
CFI alignment: 
The alignment of PDSCH region can simplify the receiver processing since NAICS can be applied to all data REs in the PDSCH. Otherwise, NAICS can only be applied starting from the 4th symbol and apply baseline MMSE-IRC on the previous PDSCH-carrying symbols. Fixing PDCCH region to, say always 3 symbols, can incur as much as 9% (or 18%) of loss in usable data REs if actual PDCCH only needs 2 (or 1) symbols. eNB needs to weight in the likelihood of that happening and the receiver gain. Detection of PCFICH can be error-prone because there is no CRS protection of CFI in PCFICH and the UE will always get a CFI. If CFI is not signaled, it should be left to UE implementation on whether to assume a fixed starting symbol or detecting PCFICH.  
Proposal # 10:  As an eNB option, CFI of each cell can be provided in higher layer by the serving cell when fixing the CFI is deemed acceptable given the scheduling constraint.

3. Conclusion

In this contribution, we provide further analysis of parameters suitable for high layer signalling. We have the following proposals:
Proposal #1: RAN1 can conclude that cell ID will be included as part of the cell-specific higher layer signaling. When NAICS signaling is present, synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed at the UE.

Proposal #2: Rel-12 NAICS can follow Rel-11 design where CRS ports and MBSFN pattern can be higher-layer signaled to avoid detection complexity and false/missed detection of MBSFN subframes.  
Proposal #3: Define RRC signaling to indicate that LVRB is used, or the UE can implicitly assume so when NAICS signaling is present.  
Proposal #4: PB should be RRC signaled.  
Proposal #5: Consider [-6, -3, 0, 3] as the PA subset. A single PA value, if acceptable to the network, may also be signaled to help remove the significant performance loss of blind detection.   
Proposal # 6: TM subset restriction can be signaled optionally by eNB. Consider the definition of at least three subset restrictions:
1. TM2 (TxD) and TM3 (large delay CDD + TxD)

2. TM4 (rank 1 or 2 with PMI) with TM6 (rank-1) as the degenerated case, where TxD can still be used as a fall-back scheme. 

3. TM8/9/10 (rank-1 or 2) where TxD can be used as a fallback scheme.

Proposal # 7:  As an option of the network, configuration information for all the CSI-RS (ports and offset/periodicity and 
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if configured) can be higher-layer signaled to the UEs. UE should not be required to detect CSI-RS configuration (both NZP and ZP CSI-RS) in the absence of signaling.
Proposal # 8:  At eNB’s discretion, QCL information may or may not be signaled via higher layer signaling.

Proposal # 9:  A subset of virtual cell ID should be signaled in case of TM10. The exact size of the subset may not need to be defined in the spec, but a starting point to consider in practice or test definition is 2 virtual cell IDs, similar to the two nSCID values allowed in TM9.
Proposal # 10:  As an eNB option, CFI of each cell can be provided in higher layer by the serving cell when fixing the CFI is deemed acceptable given the scheduling constraint.
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