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1. General

Contribution list
	R4-142630
	Review of RAN4#70bis agreements and draft LS
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

	R4-142734
	RAN 4 scope for NAICS work.
	Ericsson

	R4-142736
	Strongest interferer detection
	Ericsson

	R4-142739
	Summary of proposal for the parameters and the conditions.
	Ericsson

	R4-142741
	Draft LS Out on NAICS
	Ericsson

	R4-143232
	Way forward on 4CRS APs support
	Ericsson

	R4-143241
	Way forward on NAICS functionality
	Ericsson

	R4-143250
	Way forward on fall back performance
	Ericsson

	R4-143570
	LS out on Parameter Detection for NAICS
	QUALCOMM Incorporated


Summary
· ALU (R4-142630)
· A draft structure into the possible LS to RAN1 is proposed in Section 2 for verification and discussion based on agreements from RAN4#70bis. Agreements from this meeting have not been incorporated.
· Ericsson (R4-142734)
General scope: 

Proposal 1: RAN 4 should provide RAN 1 information on whether blind detectability of certain parameters is acceptable in terms of complexity (a complexity indication seems needed) and performance (degradation or gain); RAN 4 should inform RAN 1 whether the blind detectability is subject to conditions and should indicate evidences of the choices. RAN 4 should not agree on the introduction of HL signaling as this is within the scope of RAN 1. 

CRS APs:

Proposal 2: Consider 4 CRS APs with the same level of priority as 2 CRS APs in the context of rel-12. NAICS feature should not penalize 4 CRS APs deployment compared to 1 or 2 CRS APs.  Furthermore, UEs supporting NAICS should be capable to cancel/suppress interferers from cells that have different number of CRS ports than the serving cell.  Discuss further whether complexity reduction methodologies are needed. 

Fall back capability:

Proposal 3: Assume that the UE has dual decoding capability in order to make sure that in any condition the performance are no worse than those obtained with legacy receiver(s). Network control to indicate whether the UE can assume that the NAICS favorable conditions should not be assumed is considered as necessary.

NAICS functionality:

Proposal 4: NAICS functionality at least supports suppression of PDSCH and CRS interference 
· Such NAICS functionality is supported in all subframes

· UE implementation is not restricted to suppress only CRS and PDSCH

Proposal 5: RAN 4 will define NAICS performance requirements under the assumption that the UE is capable of suppressing PDSCH and CRS interference in all subframes. In addition, it is beneficial also to introduce performance requirements by assuming that the UE has only the capability of suppressing CRSs in all subframes but not suppressing PDSCH. Consequently, under certain conditions which e.g. are not favorable to PDSCH cancellation, the UE could fall back to CRS-IC receiver, rather than rel-11 LMMSE-IRC receiver. PDSCH interference cancellation or mitigation is limited to 1 interferer (and 3 layers) for complexity reason, CRS-IC should still target cancelling the 2 strongest interferers as agreement in [8].

TDD deployments:

Proposal 6.  TDD deployments should be studied within NAICS study. 
Proposal 7. RAN 4 should perform studies in order to understand whether the same level of gains as for FDD are applicable for TDD deployment scenarios. In particular, additional parameters might need to be discussed in the context of TDD (uplink downlink configurations, special subframe, number of OFDM Symbols used for PDCCH in DwPTS of TDD special subframe..) and for example the impact of potentially reduced accuracy on channel estimation as well as the effect of several subframe configurations should be carefully studied (other aspects are of course not precluded).

Carrier Aggregation:

Proposal 8. RAN 4 has to explicitly decide whether performance requirements will be defined also in carrier aggregation case in the context of Rel-12
· Ericsson (R4-142736)

· Proposal: Kindly ask RAN 1 to perform some system level analysis to understand whether RAN 4 can assume a simple RSRP based strongest interferer selection for the derivation of the requirements or whether the conditions should be changed in order to make sure that also PDSCH interference level is taken into account when selecting the strongest interferer.

· Ericsson (R4-142739)

· Proposal: Capture the above  information in an LS to RAN 1
	Parameters
	Parameter
	Conditions for SLIC blind detection 
	Conditions for E-IRC blind detection 
	COMMENTS

	BD
	Semi static for each interferer
	System Bandwidth
	When the interferer can be reliably cancelled.
	This parameter could be blindly detected via e.g. NC PBCH reading. However it was already agreed that same system bandwidth is assumed by the UE under NAICS functionality.

	
	
	Cell ID
	According to the RRM requirements
	Via synchronization.  Cell ID can be blindly detected, but it was already agreed in previous meeting to assume that Cell ID will be provided within the NAICS assistance information (even if this would have been a RAN 1 decision). This is mainly due to allow for cell specific network assistance.  

	
	
	CP
	Blindly detected during synchronization procedure
	It was already decided to assume same CP length among different cells under NAICS functionality

	
	
	CRS AP
	It can be reliably blindly detected for both 2 and 4 CRS-AP. 

	The detection can be done over several PRBs in frequency domain for the interfering cell (as CRSs will be always present over the entire bandwidth). Blind detection can be also carried out via NC PBCH reading when the UE support this feature. Mixture of CRS APs should be supported.

	
	
	MBSFN configuration


	Same as above


	Reliably estimated.. 

	
	
	PDSCH starting symbol
	Blindly detected over 1PRB with very high reliability
	PDSCH starting symbol can be obtained via blind detection of  via NC PCFICH reading when the NC is not in TM10.

	
	
	CSI-RS
	Not needed
	Simulation results show that CSI-RS pattern is not needed for E-IRC and SLIC.

	
	
	
	
	
	

	
	Dynamic
	RI for CRS TM
	1 PRB-pair. or 3PRB-pair
	NAICS gains depending on the conditions. Reliability is increased when 3PRB-pairs are considered. UE autonomously detects when this condition applies. 

	
	
	DM-RS APs for DM-RS TMs
	1 PRB-pair or 3PRB-pairs
	NAICS gains depending on the conditions. Reliability is increased when 3PRB-pairs are considered. UE autonomously detects when this condition applies.

	
	
	Mod order
	1 PRB-pair 
	Not needed
	EIRC has the advantage that BD is not needed for this parameter (reduction in complexity). In general modulation order BD has small impact on throughput performance.  

	
	
	PMI for CRS TMs
	1 PRB-pair or 3 PRB-pairs.

2 and 4 CRS APs should be considered. FFS whether to restrict the codebook for 4CRS APs in TM4
	Some simplifications possible for E-IRC: Complexity is lower for E-IRC compared to SLIC when full rank is considered.  Complexity of PMI detection for 4CRS APs is 1.12 and 1.3 (in the worst case without any optimization) times the complexity of 2 CRS APs for RI=1 and RI=2 respectively when the full set of precoders is considered.  FFS whether codebook restriction is needed for TM4 only. Reliability is increased when 3PRB-pairs are considered, but 1 PRB-pair is considered as valid assumption. UE autonomously detects when this condition applies. Similar NAICS gains for both 2 CRS APs and 4 CRS APs.

	
	
	TM
	1 PRB-pair or 3 PRB-pairs.


	Some simplifications possible for E-IRC compared to SLIC. TM2, 3, 4, 6 detection needed for CRS-based TM, discrimination between TM10 and non TM10 needed for DM-RS TMs. No restrictions needed. Mixture of TMs should be supported (mixture within CRS-based modes and DM-RS based modes and mixture between CRS and DM-RS based TMs).

	
	
	PDSCH presence
	1 PRB pair is enough in terms of reliability. 
	Important parameters which can affect the performance together with PMI and RI detection.  3 PRBs pairs could be also considered to improve reliability. For DM-RS TMs, PDSCH presence is known once DM-RS presence is detected. 

	
	
	PDSCH allocation
	1PRB-pair is assumed by the UE under NAICS functionality. Further boundling is FSS
	No need to introduce network constraints or signalling, the UE can autonomously detect when the blind detection of parameters is reliable.  It was already agreed in the last RAN 4 meeting that at least 1 PRB-pair is assumed under NAICS functionality

	
	
	Strongest interferer
	Left to UE implementation, but detection should consider PDSCH presence
	UE needs to select the strongest interferer taking into account PDSCH interference or only CRS-based interference depending on the NAICS capability. In general strongest interferers selected based on CRS signal strength or PDSCH signal strength might be different.

	
	
	NC QCL
	Not needed
	Estimation can be done based on DM-RS at least for the case when 3PRBs are allocated

	DB with restriction
	Semi-static 
	Virtual cell ID and nSCID
	Virtual Cell ID can be blindly detected only if the set size is considerably reduced. 
	A set of 16 values (considering SCID) could be considered assuming that a fixed pair of CCID is associated to a point.

	
	Dynamic
	PA
	Blind detection is possible by considering a reduced set size. Applied to QPSK also.
	A set of 3 values seems appropriate. 

	Signalling
	Static
	PB
	Already decided to be provided via assistance
	


Issue discussion for possible agreement
· How to capture RAN4 agreement in any LS to RAN1?
· Given RAN1 has the final decision on HL signaling, can RAN4 agreement include wordings that suggest HL signaling, or can only comment on whether or not the parameter combinations could be blindly detected based on overall complexity/performance consideration as done in SI?  
[Rapporteur note]: Ad-hoc discussed possible wording for the LS, but there is no consensus. Offline effort/harmonization is to be continued and will come back to. The common understanding is that the concern is that the wording used in the previous wording may not be appropriate for the LS. The intention is not to change the agreement. 

· Only the WID performance part has the objective to define tests to ensure no performance loss under all deployment scenarios. What if RAN4 thinks it is beneficial to have some signaling mechanism to ensure the goal after core part completes? Note that the question is also relevant to the case where refinement of HL signaling after core part completion is found necessary/useful during performance part work. 
· Fallback (to IRC) mechanism needed with spec impact? Or fallback is an implementation issue? Is it an issue for core part or only performance part?
[Rapporteur note]: More discussion is needed, on various UE behavior such as when eNB does not follow its signaling (all or partial) in some subframes.
· With the understanding that HL signaling can be optional (or best effort basis from eNB’s perspective), can RAN4 suggest RNA1/2 to define the signaling useful for later performance test? This is to ensure a timely completion of the core part.
[Rapporteur note]: Related to the UE behavior discussion.
· Should the discussion on functionality/capability carried out in the performance part? This is also to ensure core part can be completed on time.
[Rapporteur note]: Related to the UE behavior discussion.
Background Info
WID objectives
4.1 Objective of SI or Core part WI or Testing part WI

The work item is to specify network assistance signalling for LTE downlink data channels and applicable to SL-IC/R-ML/E-MMSE-IRC receivers under inter-point interference scenarios.  In the Rel-12 scope, the advanced receiver is assumed to be capable of processing up to 3 total layers (serving + interfering) and cancelling 1 interferer. The detailed objectives include:

· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.
· As a starting point, parameters are those identified in the study item phase as desirable for blind detection, namely: 
· 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)

· (RAN1) Starting from the candidate parameters identified for higher-layer signalling in the study item conclusion in RAN1 and any subset restriction under which RAN4 identifies that some parameter combinations could be blindly detected jointly, RAN1 will decide on the final higher-layer signalled parameters, including any subset restriction, taking into account:

· RAN4’s input and conclusion on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters

· The system impact of higher-layer signalling or network coordination, including signalling overhead and the performance impact of any scheduling restriction due to subset restriction.

·  (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.

· (RAN1) Depending on the conclusion for blind detection under higher-layer signalling, dynamic signalling from an interference or a serving cell can be evaluated. 

· (RAN2) Specify higher-layer signalling as agreed in RAN1.
4.2
Objective of Performance part WI

NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 

· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
· Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH, per PRB or PRB-pair based resource allocation for interference PDSCH,  and/or lack of higher-layer signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs. 
Agreements in RAN4#70bis:

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:
· 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
Other agreement:
· 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

RAN1 Previous 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
2. Semi-static parameter blind detection and signaling
Contribution list
	7.14.1
	R4-143832
	4CRS Aps analysis of the complexity
	Ericsson

	7.14.1
	R4-142737
	Analysis of semi-static parameters for BD
	Ericsson

	7.14.1
	R4-142738
	On QCL analysis
	Ericsson

	7.14.1
	R4-143034
	Discussion on NAICS interference semi-static parameters blind detection and signaling
	Intel Corporation

	7.14.1
	R4-143199
	Remaining aspects of higher-layer signaling for NAICS
	NVIDIA

	7.14.1
	R4-143202
	Discussion on semi-static parameters for NAICS receiver
	LG Electronics

	7.14.1
	R4-143342
	Discussion on higher layer signalling and blind detection in NAICS
	Nokia Corporation, NSN

	7.14.1
	R4-143478
	Discussion on semi-static interference parameter detection and signaling
	Huawei, HiSilicon

	7.14.1
	R4-143578
	Discussion on Semistatic Parameters for NAICS
	QUALCOMM Incorporated

	7.14.1
	R4-143687
	Further discussion on blind detection of semi-static parameters for NAICS receiver
	Broadcom Corporation


Summary

· Ericsson (R4-142735)

· Observation 1: Computing the estimated covariance 
[image: image1.wmf]R

ˆ

is significantly more complex than applying the codebook to find the composite channel hypotheses. In other words, the number of PMI hypotheses rather than the number of CRS antenna ports drives complexity.

· Observation 2: Computing the covariance matrix of the received symbols is significantly more complex than the building the overall hypothetical covariance matrix for all the possible PMI. To compute 
[image: image2.wmf]R

as per Equation (4), about 3*120=360 and 3*116=348 complex multiplies could be needed for the cases of 2 CRS APs and 4 CRS APs, respectively.

· Observation 3: The complexity for 4 CRS APs is 1.32 times higher than the complexity of 2 CRS APs for RI=2 when all the 16 precoders are considered for both RI=1 and RI=2. Lower complexity factors could be obtained by selecting independently the amount of precoders for RI=1 and RI=2. The complexity is 1.12 times higher than the complexity of 2 CRS APs for RI=1 when all the 16 precoders are considered. Note that these values are obtained without any sort of complexity optimization (worst case condition). 
· Ericsson (R4-142737)

· 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. Interference cell CP, slot/subframe alignment

· 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. 

· 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. 

· 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. 

· 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. 

· 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).

· Ericsson  (R4-142738)
· Proposal 1: consider DM-RS based timing error estimation for the purpose of neighbour cells channel estimation which schedule data in a CoMP set up.

· Proposal 2: consider DM-RS based frequency error estimation for the purpose of neighbour cells channel estimation which schedule data in a CoMP set up.

· Proposal 3. In order to reduce the need for signaling, and considering that DM-RS based timing and frequency error estimation provides sufficiently good performance results, it is proposed to assume that the UE can exploit DM-RS in order to estimate CoMP impairments and that neighbour cell QCL information is not needed.

· Intel (R4-143034)
· Inform UE on the number of CRS APs used in the neighbouring cells.

· Inform UE on the MBSFN pattern used in the neighbouring cells.

· Inform UE on the ZP and NZP CSI-RS configurations used in the neighbouring cells.

· Inform UE on 1-2 Virtual Cell ID and nSCID values corresponding to the dominant TM10 interferer(s).

· Inform UE on the QCL parameters of the dominant TM10 interferer(s).

· In Rel12, the NAICS processing is required in the regular DL subframes and Special subframe DwPTS indicated by SIB1 signalling only.
· Nvidia (R4-143199)
· The number of CRS ports shall be signaled to the UE for each cell included in the network assistance information.

· Discuss further how to handle MBSFN subframe configuration, utilization of small cell on/off and eIMTA in the neighboring cell(s).

· UE is signaled an assumed PDSCH start symbol for the interfering transmissions.

· Higher-layer signaling should include a possibility of indicating a restricted subset of transmission modes assumed for the interfering transmission.

· Consider a set of [1-3] PDSCH-to-CRS power offset values to be signaled to the UE, applicable to all modulation schemes.

· CSI-RS configurations shall be signaled to the UE for the interfering transmissions.

· FFS how to exactly signal the configurations taking into account also TM10 and shared cell ID scenarios.

· Study further how to signal the QCL assumptions to the UE for DMRS-based interference.
· Nokia/NSN (R4-143342)
· QCL signalling should be discussed after the interference allocation PRB-wise is clarified.

· The VCI subset size needs to contain at least the same number of monitored cells as for CRS RSRP.

· Utilize the transmission scheme indication (if needed in order to reduce NAICS UE complexity) rather than transmission mode indication.

· Network assistance needs to have a direct mapping into the blind detection logic of the NAICS UE.

· A solution based on network assistance of multiple dominant interferers and blind detection is desirable.
· LG (R4-143202)
· Proposal 1: Rel-11 CRS assisted information should be reused for CRS AP, MBSFN, and Cell ID information.

· Proposal 2: CSI-RS and QCL information for feasible NAICS operation should be considered by higher layer signaling.

· Proposal 3: CFI and PDSCH start symbol for TM10 should be considered by higher layer signalling.
· Huawei (R4-143478)
· Considering both aspects of detection reliability and complexity, UE should expects to obtain Cell ID, CRS ports and MBSFN pattern information of neighbouring interference cells through high-layer assistance signaling 

· To reduce UE implementation complexity, CSI-RS resource configuration of neighbouring interference cells should be high-layer signaled to UE 

· To reduce UE implementation complexity, it is proposed to restrict subset size of VCID to as small as possible, e.g. 2, unless significant system performance loss results 

· It is preferable that UE could obtain QCL information of neighbouring interference cells through high-layer signaling 

· To reduce UE implementation complexity, TM10 UE should be informed of the PDSCH start symbol of neighbouring interference cells through signaling 

· The overall detection complexity analysis should be considered to reach conclusions on the detection feasibilities of semi static interference parameters in addition to treat the detection complexity of each parameter separately

· Qualcomm  (R4-143578)
· Proposal 1: Propose that the number of CRS antenna ports be blindly detected at the UE.

· Proposal 2: Propose that the CFI be blindly detected at the UE to obtain the PDSCH start symbol for TM 1-9.

· Proposal 3: The MBSFN configuration is proposed to be semi-statically signalled to the NAICS UE.

· Proposal 4: If the set of possible transmission modes are limited in a network (based on deployment, network operation etc.), then we propose to semi-statically signal the subset of possible TMs to reduce NAICS UE complexity. This can potentially improve performance, will certainly reduce UE complexity and do so without loss of flexibility at the eNB.

· Proposal 5: Propose to include a TM10 signaling package for NAICS in order to enable the NAICS feature for TM10 in Rel-12. Propose that as part of the TM10 NAICS signaling package, the QCL information, PDSCH start symbol for TM10, CSI-RS configuration, Virtual cell ID subset be semistatically signalled to the NAICS UE.

· Proposal 6: Pattern: Propose to semi-statically signal the subset of possible CSI-RS configurations to reduce UE complexity while potentially improving performance.

· Proposal 7: Periodicity: Propose to limit the periodicity of CSI-RS processes to one fixed value.

· Proposal 8: Propose to restrict the number of Virtual cell IDs to a limited set of values (eg. up to 4 values), upper bounded by the typical number of RRHs within a macro region.

· Proposal 9: The PDSCH start symbol for TM10 needs to be signalled to the UE.
· Broadcom (R4-143687)
· Proposal 1: Limit to maximum of 2 CRS antenna ports and DM-RS ports 7 and 8.

· Proposal 2: The TM or TM combination subset should be higher layer signaled. And combination of DM-RS and CRS based transmission modes should be avoided.

· Proposal 3: Type-2 distributed resource allocation is excluded and frequency domain bundling can be considered further.

· Proposal 4: Zero-power and non-zero-power CSI-RS configurations including CSI-IM are higher layer signalled.

· Proposal 5: The UE can assume, equal system bandwidth, synchronized cells and equal CFI.

· Proposal 6: Preferably small subset of cell IDs and virtual cell IDs is signalled.

· Proposal 7: MBSFN pattern for the interferers can be signalled by the serving eNB.

· Proposal 8: Preferably subset of 1 or 2 power offset values is signalled.
Previous agreements/discussion
· 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

· Higher layer signaling on Cell ID, MBSFN configuration, QCL information, PDSCH start symbol for TM10, CSI-RS configuration, CRS Aps, (SFN if it’s not synchronized)
· Needed: BRCM, Intel, QC, NVD, MTK, LG, HW, DCM, SS
· Not needed: E/// , ALU (cell ID, MBSFN, QCL, CRS antenna ports should be blindly detected), Nokia (MBSFN, CSI-RS QCL should be blindly detected)
Discussion and Agreement
CRS APs:
· Rel-11 already defined the signaling, reuse it.

· No need to signal, rely on PBCH decoding. Observations for discussion:
· Cannot apply CRS-IC to help

· Existing profiles may not apply to PBCH. Conditions @ full loading should be considered.
· PBCH decoding also needed for I2 since it can become the strongest PDSCH
· If SFN is not aligned, PBCH-IC complexity is a concern (due to unknown segments)
· Additional complexity/delay if more than one segment is needed to decode PBCH
· Whether 4-Tx or 2-Tx TxD is used for PBCH is unknown.
· No need to signal, rely on CRS detection (e.g., based on RSRP measurement). Points for discussion: 
· Additional complexity
· At an unknown MBSFN subframe, only CRS #2/3 at the second symbols can be used   
· PDSCH RE may be present instead of CRS
· Interference CRS is under the interference of desired cell CRS (colliding case) or data (non-colliding case)
Agreement for capturing in the RAN4 notes:

· RAN4 found benefit in complexity and performance if RAN1 defines the HL signaling of CRS APs. 
· Some companies found that CRS APs could be blindly detected, but prefer to have HL signaling in order to reach consensus. Some companies found that CRS APs could be blindly detected without signaling. 

· RAN4 has not studied its detectability and complexity when in combination with other parameters. It is FFS.
Agreement to be captured in any LS to RAN1:
· RAN4 found benefit in complexity and performance if RAN1 defines the HL signaling of CRS APs. 

· Some companies found that CRS APs could be blindly detected, but prefer to have HL signaling in order to reach consensus. Some companies found that CRS APs could be blindly detected without signaling. 

· RAN4 has not studied its detectability and complexity when in combination with other parameters.

MBSFN pattern: Observations for discussion
· Cannot detect SIB2 to obtain this information. So must detect CRS.
· False/missing detection ( incorrect/no CRS-IC, missing/unnecessary detection of CRS-based PDSCH
· PDSCH RE pr PMCH may be present instead of CRS, if it is a MBSFN subframe
· Interference CRS in a non MBSFN SF is under the interference of desired cell CRS (colliding case) or data (non-colliding case) 

Agreement for capturing in the RAN4 notes:

· RAN4 found benefit in complexity and performance if RAN1 defines the HL signaling of MBSFN pattern. 

· Some companies found that MBSFN pattern could be blindly detected without signaling.
· RAN4 has not studied its detectability and complexity when in combination with other parameters. It is FFS.

Agreement to be captured in any LS to RAN1:

· RAN4 found benefit in complexity and performance if RAN1 defines the HL signaling of MBSFN pattern
· Some companies found that MBSFN pattern could be blindly detected without signaling. 

· RAN4 has not studied its detectability and complexity when in combination with other parameters.

PA subset size/value
· 1~4
· Only a maximal subset size is needed with the content values left to eNB

[Rapporteur note]: No consensus. A possible agreement below was debated for a long time: 
· [RAN4 found that with a subset size of at most 3 values PA can be jointly blindly detected with other dynamic parameters.] 
· Note: Some companies expressed the preference of “at most 4” and”1~4”. Some companies are more comfortable with a smaller size, including 1 value for consideration in performance test for example.  
CSI-RS configuration: Observations for discussion
· Blind detection is impossible due to large number of configurations and only a few CSI-RSs (1 subcarrier per PRB)
· Performance impact is high
· Blind detection performance if some CSI-RS are used instead of PDSCH RE
· RE mapping for TxD will be different if CSI-RS knowledge is incorrect
· Low impact even if just ignoring CSI-RS (treat them as PDSCH RE)
· When the total number of configurations is small at least?  
[Rapporteur note]: No consensus. Not enough time for discussion.
Virtual cell ID (and nSCID in TM10) subset restriction: Observations for discussion 
· 1~2
· for the TM10 transmission there is “one-on-one” mapping between the used nSCID and Virtual Cell ID values

· 2, similar to the 2 nSCID case
· 16
[Rapporteur note]: No consensus. Not enough time for discussion.
QCL: Observations for discussion
· In case of lack of the QCL information UE need to make the DMRS-based time/frequency offset compensation for the interferer channel estimation that might lead to noticeable performance degradation comparing to the CRS-based compensation mechanisms

· Use DMRS only for timing and frequency error estimation
· Channel estimation error due to timing/frequency error may not have big impact on post-IC performance 
[Rapporteur note]: No consensus. Not enough time for discussion.

TDD related: Observations for discussion
· UE needs to detect on flexible subframe presence/absence of CRS to know if the subfame is a DL or UL subframe?
[Rapporteur note]: Not discussed due to time. 
PDSCH start symbol: Observations for discussion
· Detect PCFICH?
· Even PCFICH can be overridden by HL signaling as in TM10 and Scell  
· Detection of PDSCH start (based on signal detection)?
· Performance and reliability 

· Always start from 4th symbols for example?
· Signaling is up to eNB?
· At least for TM10

[Rapporteur note]: Not discussed due to time. 
4CRS AP
· Any signaling needed? Or just a performance part decision on test definition and performance requirement 
[Rapporteur note]: Not discussed due to time. 

3. Dynamic parameters blind detection 

Summary of contributions

General 

Contribution list
	7.14.2
	R4-142631
	Subset Restriction for NAICS
	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

	7.14.2
	R4-142915
	Mixed TM between CRS-based and DMRS based TM for NAICS
	Ericsson

	7.14.2
	R4-142916
	Proposal on interference model for NAICS
	Ericsson

	7.14.2
	R4-143080
	Views on Remaining Issues for NAICS Dynamic Parameters
	NTT DOCOMO, INC.

	7.14.2
	R4-143321
	On blind detection of CFI
	Samsung


Summary

· ALU (R4-142631)

· For Release 12 NAICS, the Virtual Cell ID and user specific P_A parameters are applicable for network subset restrictions. Such subset restrictions are signalled to the UE. 

· The subset size for both parameters is for further study by RAN1.

· The signalling design will be undertaken by RAN2/RAN3.

· Subset restriction shall provide the network with sufficient and reasonable flexibility and control.
· Ericsson (R4-142915)

· Proposal 1: Confirm mixed TM scenarios between CRS based TM and DMRS based TM to be included for NAICS WI.

· Proposal 2: Joint blind detection of dynamic parameters including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI), CSI-RS ignorance provides good gain with 1PRB pair based blind detection for mixed TM scenarios between CRS based and DMRS based TM under the simulated conditions.
· Ericsson (R4-142916)

· Proposal 1: Phase 2 interference model should be considered in NAICS WI in order to guarantee the blind detection reliability with the following modifications.

· Follow CQI and OLLA are disabled.

· Randomized Modulation order, PMI, RI on every PRB pair should be assumed for the interfering cells.
· Burst traffic model should be maintained

· DoCoMo (R4-143080)

· Proposal 1: Blind detection accuracy and impact on UE demodulation performance corresponding to bundling size in frequency domain should be clarified and concluded in RAN4 first

· Proposal 2: Only maximum number of restricted values should be discussed and exact values should be up to network choice


· Proposal 3: RAN4 should evaluate not only accuracy of CFI blind detection but also impact on UE demodulation performance due to inaccurately estimated CFI
 

· Proposal 4: UE should take into account at least the subset of TM, i.e., {TxD (TM2), TM3, TM9, TM10} or {TxD (TM2), TM4, TM9, TM10}, for blind detection.

· Samsung  (R4-143321)

· It is observed that performance loss of assuming fixed CFI is up to 1.0dB in worst case, while the average performance loss is around 0.2dB and 0.5dB for interference level 1 and interference level 2 correspondingly.

· Based on the analysis above, our preference is signaling/coordination solution (Option 2) or fixed CFI solution (Option 3), while the final decision is up to RAN1's discussion on the feasibility of signaling/coordination solution (Option 2).
· Option 1: Rely on blind detection of PCFICH from neighbor cell

· Option 2: Rely on higher layer signaling from serving cell, or implicitly assume CFI is same between serving cell and interference cell

· Option 3: UE is only required to enable NAICS receiver on definitive PDSCH symbols and fallback to linear receiver on potential PDCCH symbols, e.g. 

· When BW NRB>=10RB, NAICS receiver is applied from 4th OFDM symbol

· When BW NRB<10RB, NAICS receiver is applied from 5th OFDM symbol

Dynamic parameters blind detection for CRS-based transmission modes
Contribution list
	7.14.2.1
	R4-143833
	4 CRS AP and mixed 2 and 4 CRS AP for NAICS
	Ericsson

	7.14.2.1
	R4-143037
	Discussion on NAICS receivers for CRS-based transmission modes
	Intel Corporation

	7.14.2.1
	R4-143831
	Further results on blind detection of dynamic interference parameters
	NVIDIA

	7.14.2.1
	R4-143207
	Blind detection under CRS based transmission mode
	LG Electronics

	7.14.2.1
	R4-143348
	On blind detection feasibility of parameter combination for CRS-based TM
	Samsung

	7.14.2.1
	R4-143359
	Blind detection of interference parameters for CRS-based interference
	Nokia Corporation, NSN

	7.14.2.1
	R4-143496
	Discussion on blind detection of interference parameters for CRS-based transmission
	Huawei, HiSilicon

	7.14.2.1
	R4-143616
	Blind Detection of P_A
	MediaTek Inc.

	7.14.2.1
	R4-143633
	Blind Detection of Transmission Modes
	MediaTek Inc

	7.14.2.1
	R4-143684
	Further Link Level Evaluations for NAICS Parameter Detection
	QUALCOMM Incorporated


Summary
· Ericsson (R4-142914)

· Proposal 1: Consider 4 CRS APs as an equally important case as 1 or 2 CRS APs with NAICS functionality.  Furthermore mixed 2 CRS AP and 4 CRS AP scenario should be considered during NAICS WI in order to make sure legacy release capable UE with the support of 2 CRS AP will be able to  evolve to later phase release with the support of 4 CRS AP .

· Proposal 2: Joint blind detection of dynamic parameters for 4 CRS APs and mixed 2 CRS AP and 4 CRS AP including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI), CSI-RS ignorance can achieve comparable gains with 1PRB pair based blind detection as the blind detection applied to 2 CRS APs case.
· Intel (R4-143037)

· Additional scenarios with the mix of CRS-based PDSCH parameters need to be studied before deriving the final conclusions. In particular, the scenarios with different MIMO modes in the serving and neighbouring cells (e.g. TM4/TM2) and different PA settings should be considered.

· Recommend RAN1 WG to study the possibility of using cell-specific PA value in case of NAICS operation.

· Recommend RAN1 WG to study the impact of increasing the minimum RA granularity for CRS based transmission modes. Consider using 1-2 RBGs minimum interference CRS-based PDSCH RA granularity to for the case of NAICS operation if such restrictions are feasible from the RAN1 view. Consider to optionally inform UE that neighbouring cell uses larger RA than the minimum one.

· Further study blind NAICS receivers for the case of the mix of CRS based serving cell TMs and DMRS based interference TMs..
· Nvidia (R4-143206)

· Proposal 1: 

Consider a P_A subset size of 3 values to be signaled to the UE. Exact values are FFS.

· Proposal 2: 
UE may assume, or alternatively, the network could inform the UE whether the interference characteristics may be assumed constant over a number of consecutive PRBs, e.g. 1 PRG or 1 CQI sub-band.

· Proposal 3: 

Higher-layer signaling should include a possibility of indicating a restricted subset of transmission modes assumed for the interfering transmission.
· LG(R4-143207)
· Proposal 1: The granularity assumption for blind detection should be increased up to 3 PRB pair.
· Proposal 2: Subset of PA could be considered for 3 or 1 value among PA depending on system performance.
· Samsung (R4-143348)

· Proposal 1: In case of desired signal is CRS based TM, higher layer signalling on which TMs to be detected should be provided for NAICS receiver to reduce the performance loss of blind detection and UE implementation complexity.
· Proposal 2: To reduce UE implementation complexity and improve blind detection robustness, it is beneficial to indicate the larger resource allocation granularity (e.g. 1 RBG) whenever it can be guaranteed by network without impacting scheduling flexibility (e.g. if interfering cell is configured with 1 RBG scheduling strategy).
· Nokia/NSN (R4-143359)

· Reliable blind detection is possible with joint blind detection of PA, PMI, modulation.

· 4 CRS PMI interferer blind estimation should be supported in NAICS..
· Huawei (R4-143496)

· The blind detection on CFI of interference cell is feasible

· Under the simulation assumptions, joint blind detection of interference parameters, i.e. TM, PMI, RI, modulation order and power ratio, imposes some performance degradation compared to Genie-aided scheme, but still achieves significant performance gain over Rel-11 MMSE-IRC receiver

· Under the simulation assumptions of CRS-non-colliding, joint blind detection of interference parameters for advanced receiver leads to performance loss over Rel-11 MMSE-IRC receiver.
· MediaTek (R4-143616)

· Observation #1: Detection of PA results in significant degradation even with the reduced subset (e.g., -3, 0, 3 dB). This can be problematic with other potential interference scenarios where the gain is expected to be smaller such as interferences with higher rank.

· Observation #2: With the chosen three subsets of PA levels, the degradation seems similar. This might be because that the NAICS performance is sensitive to PA error distribution (e.g., range/variance of a Gaussian distribution) rather than the number of levels.
· MediaTek (R4-143633)

· Observation #1: In most cases, the detection of TM, PMI, RI, modulation order, and scheduling still provide noticeable gain over the baseline receiver especially when a strong interference is present. The gain varies depending on the different combinations of TM, MCS, and rank of interference. 

· Observation #2: When the serving cell and/or interferences are TM2 or 3, the overall gain seems to be much smaller than the case of TM4 when a rank-1 transmission is used in the serving cell. We think that the total number of layers is expected to be one of the main factors that determine the overall performance..
· Qualcomm (R4-143684)
· As with the colliding CRS case, the largest gains are observed for low interferer MCS, with gains of up to 4 dB for the advanced receiver compared to the Rel-11 baseline receiver.

· In all the scenarios across low, medium and high MCS, notable gains are observed for the blind & partially R-ML receivers. The advanced receiver exhibits no performance loss for even the challenging scenarios such as high interferer modulation orders and relatively low I/Noc levels.

· Above observations show that blind detection of the combination of parameters required for NAICS with a dominant non-colliding CRS interferer is feasible. 

· Results with TPR restriction and TM subset information show nearly the same performance as the blind receiver, with the main benefit of TPR restriction and TM subset information being UE complexity reduction while keeping the eNB flexibility intact.

Dynamic parameters blind detection for DMRS-based transmission modes

Contribution list
	7.14.2.2
	R4-143040
	Discussion on NAICS receivers for DMRS-based transmission modes
	Intel Corporation

	7.14.2.2
	R4-143356
	On blind detection feasibility of parameter combination for DMRS-based TM
	Samsung

	7.14.2.2
	R4-143505
	Discussion on blind detection of interference parameters for mixed CRS and DMRS based transmission
	Huawei, HiSilicon

	7.14.2.2
	R4-143610
	Blind detection of interference parameters for DMRS-based interference
	Nokia Corporation, NSN


Summary
· Intel (R4-143040)

· Recommend RAN1 WG to study the impact of increasing the minimum RA granularity for DMRS based transmission modes. Consider using 1-2 RBGs minimum interference granularity for the case of NAICS operation if such restrictions are feasible from the RAN1 view. Consider to optionally inform UE that neighbouring cell uses larger RA than the minimum one.

· Recommend RAN1 WG to study the restriction of precoding bundling for DMRS-based TMs in case of NAICS operation and introduce mechanism to inform UE on interferer cell precoding bundling granularity if such restrictions are feasible.

· Inform UE on the QCL parameters of the dominant TM10 interferer(s).

· Do not require using NAICS receivers for the case of the mix of DMRS based serving cell TMs and CRS based interference TMs. UE can autonomously detect the absence of DMRS interference and fallback to LMMSE-IRC to ensure no loss vs. baseline receiver.
· Samsung (R4-143356)

· Observation 1: When serving cell is configured with TM9, the performance loss caused by DMRS-based TM blind detection is negligible.

· Observation 2: When serving cell is configured with TM9, for the blind detection of TM9 interference under 4Tx case, it is still feasible to blindly detect the same set of information as 2Tx case..
· Huawei (R4-143505)

· When serving TM is CRS-based, NAICS UE would be expected to achieve performance gain under CRS colliding for both CRS-based and DMRS-based interference transmissions

· When serving TM is DMRS-based, NAICS UE would be expected to achieve performance gain for only DMRS-based interference transmission.
· Nokia (R4-143610)

· Not available 
Discussion 

Previous agreement:
· 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

Discussion:

TM subset restriction:
· Needed?

· Not needed?

· Define optional signaling? If so, what are the subsets?
[Rapporteur note]: Not discussed due to time. 
Resource allocation granularity:
· Already agreed on at least 1 PRB pair (i.e., no DVRB)

· Is there a need for RAN4 to suggest the optional signaling of larger PRB bundling? If so, how large?
[Rapporteur note]: Not discussed due to time. 

Interference modeling 
· R4-142916: Phase 2 interference model should be considered in NAICS WI in order to guarantee the blind detection reliability with the following modifications:

· Follow CQI and OLLA are disabled.

· Randomized Modulation order, PMI, RI on every PRB pair should be assumed for the interfering cells.
· Burst traffic model should be maintained
· Is the proposal for performance part consideration? Is the previous agreement of per PRB-pair UE processing adequate? 
[Rapporteur note]: Not discussed due to time. 
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