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1 Introduction

During RAN1#75 [1], following was agreed regarding interference transmission parameters (ITP):
· Some transmission parameters are listed in the RAN4 agreed receiver assumption section of TR36.866,  and include:

· Parameters that are higher-layer configured per the current specifications (e.g., TM, cell ID, MBSFN subframes, CRS antenna ports, PA, PB) 

· Parameters that are dynamically signalled per the current specifications (e.g., CFI, PMI, RI, MCS, resource allocation, DMRS ports, n^DMRS_ID used in TM10)

· Other deployment related parameters (e.g., synchronization, CP, subframe/slot alignment)

· Compared to requiring NAICS receivers to detect all interference parameters,  some network signalling/coordination can be beneficial for reducing receiver complexity and/or improve performance with increased robustness under intra-cell and inter-cell interference scenario

· The transmission parameters that can be considered for signalling and that for receiver detection are FFS
· Note that assistance signalling can be different from transmission parameters

· Some transmission parameters may be detected or corresponding signalling of those parameters may be introduced
· Such assistance signalling may use higher layers regardless of whether the associated transmission parameter is higher-layer configured or dynamic

· Some dynamic assistance signalling can be considered if sufficient system-level gain is shown, and some dynamic parameters may be coordinated, but with scheduling constraint, or detected or signalled or a combination of the three
· Other deployment related parameters may be coordinated or detected.
· Semi-static coordination signalling or coordination is suited for non-ideal backhaul 
· Dynamic coordination may be feasible only under ideal backhaul

· Other potential PHY impact needs further study (e.g., CSI feedback)

· Proposal : Capture the above observations in the “Specification Impact” section of TR36.866
In this contribution, we would like to discuss the feasibility of signalling and blind parameter detection for different ITP.
2 Interference transmission parameter categorisation
In current specification, transmission parameters of the serving cell can be obtained by an UE either by means of blind detection or by direct indication from the serving/interfering cell by either high-layer or L1 signalling. Transmission parameters of a neighbouring cell, to which the UE is not associated, can be obtained currently only by blind detection or higher-layer signalling from the serving cell. Indication of transmission parameters used in a neighbouring cell by means of L1signalling is currently not supported. . 
Regarding timing, high-layer signalling, which has negligible signalling overhead and UE detection complexity (supposing synchronous network), seems to be appropriate for interference transmission parameters with static or semi-static characteristic from UE’s point of view. Here it has to be taken into account that some static or semi-static UE specific  transmission parameters in the interfering cell would exhibit a dynamic characteristic for an interference victim UE in another cell (e.g., TM, PA, and n^DMRS_ID used by the interfering cell on certain resources) [3]. 
Based on above analysis and in order to find a proper indication strategy for each ITP, we would like to categorise the ITPs from interference victim UE point of view:
1) Semi-static ITPs: to be indicated by high-layer signalling or blindly detected
a) Transmission parameters that are cell-specific/common with static or semi-static configuration
b) Transmission parameters or parameter sets  that become semi-static from point of view of an interference victim UE due to restrictions in the interfering cell
2) Dynamic ITPs: to be dynamically indicated  by L1 signalling or blindly detected
a) Transmission parameters that are dynamic and/or UE-specific without restriction
b) Transmission parameters that are dynamic and/or UE-specific but restricted to limited transmission parameter set (see 1b)
Proposal 1: ITPs should be categorised into semi-static ITPs and dynamic ITPs from interference victim UE point of view.
Proposal 2: If blind detection is neither possible nor reasonable, semi-static ITPs should be indicated by RRC signalling (similar to FeICIC related RRC signalling) while dynamic ITPs should be indicated by L1 signalling.
3 Proposed ITP categorisation
3.1 Semi-static ITPs
Semi-static ITPs comprise cell-specific/common parameters of the interfering cell and transmission parameters or parameter sets that are restricted in static or semi-static manner on certain resource sets in the interfering cell:
1) Cell-specific/common transmission parameters: 

a) Cell ID and its related parameters:
i. FeICIC related: CRS configuration, MBSFN subframe configuration.
ii. Cell search and MIB/SIB related: PB, BW, SFN, CP length, TDD/FDD structure, TDD configuration (without eIMTA) in case of TDD
2) Restricted transmission parameters:

a) Reduced granularity or candidate number of an ITP: PMI set, PA set, nID using cell ID instead of DMRS ID in TM10, RB allocation type and granularity, codeword number.
b) Set of restricted ITP combinations
3.2 Dynamic ITPs
1) Dynamic and/or UE-specific transmission parameters
a) Transmission parameters indicated in DCI: 

i. RB allocation: only interfered portion is necessary except for CW-IC
ii. MCS/RV/NDI: only modulation order is necessary except for CW-IC
iii. TPMI/rank/port/nSCID: depend on restriction configured by high-layer signalling
b) Transmission parameters that are indicated by high-layer signalling in UE-specific manner:
i. TM: at least 2 transmission schemes (OLTD and transmission scheme of configured TM) are supported for each UE
ii. C-RNTI: only for CW-IC and DMRS demodulation for (E)PDCCH decoding
iii. DMRS ID & PA: depend on restriction configured by high-layer signalling

2) Dynamic and/or UE-specific transmission parameters that are restricted to certain sets
a) Restricted ITP corresponding to 3.1-2) - a)
b) ITP set corresponding to 3.1-2) - b)
4 Feasibility of dynamic signaling and blind parameter detection

4.1 Dynamic assistance signaling classification

In the following, we suggest classification of dynamic assistance signalling into two schemes.

1) Groupcast dynamic assistance signalling

ITPs are indicated to a group of NAICS capable UEs. The groupcast messages could be sent by the interfering cell itself which makes it independent of the backhaul conditions. In case of ideal backhaul or intra site, dynamic groupcast signalling of ITPs could also be performed by the serving cell. 
2) Unicast dynamic assistance signalling

Unicast-based dynamic assistance indication can support both ideal backhaul and non-ideal backhaul scenarios. In case of ideal backhaul or intra-site, ITPs can be indicated optimally to certain UE in case of inter-cell interference with ideal backhaul and intra-cell interference because it’s sensitive to backhaul latency. In case of non-ideal backhaul, the dynamic switching between different semi-statically configured ITP sets can be indicated. Unicast would be an efficient way if NAICS capable UEs are interfered by different signals with different ITPs. 
The analysis shows that unicast dynamical assistance signalling is more flexible but very sensitive to backhaul latency while groupcast dynamic assistance signalling from the interfering cell itself could work in spite of backhaul latency which makes it more robust.
Proposal 3: Groupcast dynamic assistance signalling from the interfering cell itself would be less dependent on backhaul conditions than unicast signalling from the serving cell.
4.2 Blind parameter detection classification

In the following, we suggest to subdivide the blind parameter detection into two classes based on different detection strategies:
1) Blind detection based on energy detection

PSS/SSS detection, DMRS sequence detection (same DMRS ID with different OCC), and Preamble detection are energy detection utilizing the character of low cross-correlation and ideal auto-correlation. The selection of DMRS ID among neighbour cells is very important for reliable detection.
2) Blind detection based on codeword-level CRC or symbol-level likelihood

For non-ML receivers, the required operation is decoding of the interfering transport block assuming different hypotheses in terms of ITPs. One problem regarding complexity the major advantage of E-LMMSE-IRC/SL-IC receivers is basically the significantly reduced complexity compared to ML receivers at the cost of reduced performance; if the detection complexity is now significantly increased for these receivers it makes them at the end as complex as ML receivers, however with reduced performance.  
Proposal 4: Blind detection is not suitable for non-ML receiver due to unacceptable complexity.
4.3 Feasibility evaluation for each dynamic ITP
Based on above classification related to ITP/dynamic assistance signalling/blind parameter detection, we will discuss advantages and disadvantages for each dynamic ITP by using dynamic assistance signalling and/or blind parameter detection.
1) RB allocation and antenna ports when DMRS-based schemes are used

· Indication by means of dynamic assistance signalling with or without restrictions configured by high-layer signalling

· Pros: high scheduling flexibility for both serving and interfering cell; low receiver complexity

· Cons: additional signaling overhead or necessary restriction needed for serving or interfering cell; reduced scheduling flexibility; sensitivity to backhaul delay if signalled by serving cell

· Blind estimation of DMRS sequence from limited sets configured by high-layer signalling
· Pros: no need for RB allocation signalling, no restriction by backhaul delay

· Cons: reliability highly depends on orthogonality among DMRS sequences used in mutually interfering cells; not possible to distinguish RB allocation of different PDSCHs if one nID per cell (e.g. cell ID), thus CW-IC would be not applicable

2) RB allocation when CRS-based schemes are used

· Indication by means of dynamic assistance signalling with or without restrictions configured by high-layer signalling

· Pros and cons are common with 1) 
· Blind estimation is not workable with reasonable effort

3) Transport block size/RV/NDI, which are only necessary for CW-IC, and other ITPs (such as modulation order, power level, etc.)

· Indication of dynamic assistance signalling with or without restriction configured by high-layer signalling

· Pros and cons are common with 1)
· Blind testing of different hypotheses regarding ITP combinations and decision based on codeword-level CRC or symbol-level likelihood

· Pros: no need for signaling; no restriction by backhaul delay

· Cons: heavy receiver complexity even if ITP combinations are restricted
Based on above analysis, we suggest that high-layer signaling combined with dynamic assistance signalling would provide a reasonable balance among UE complexity, signaling overhead, and scheduling flexibility while high-layer signaling combined with blind parameter detection would imply an increased demand on UE complexity and reduced scheduling flexibility due to transmission parameter restrictions. In addition, CW-IC receivers would require more ITP information than other receivers, meaning that more signalling overhead and/or more complicated blind parameter detection is required. We therefore suggest that CW-IC should be an optional solution of UE implementation which could obtain more gain than other receivers in SU-MIMO or intra-cell MU-MIMO scenarios.

Proposal 5: High-layer signalling combined with dynamic assistance signalling seems to provide a reasonable balance between UE complexity, signalling overhead, and scheduling flexibility.

Proposal 6: Broad supporting of CW-IC would be more difficult in terms of both signalling overhead and complexity of blind parameter detection.
5 Summary

In this contribution we discussed the feasibility of signaling and blind parameter detection for different ITP. Our proposals are following:
Proposal 1: ITPs should be categorised into semi-static ITPs and dynamic ITPs from interference victim UE point of view.
Proposal 2: If blind detection is neither possible nor reasonable, semi-static ITPs should be indicated by RRC signalling (similar to FeICIC related RRC signalling) while dynamic ITPs should be indicated by L1 signalling.
Proposal 3: Groupcast dynamic assistance signalling from the interfering cell itself would be less dependent on backhaul conditions than unicast signalling from the serving cell.
Proposal 4: Blind detection is not suitable for non-ML receiver due to unacceptable complexity.
Proposal 5: High-layer signalling combined with dynamic assistance signalling seems to provide a reasonable balance between UE complexity, signalling overhead, and scheduling flexibility.

Proposal 6: Broad supporting of CW-IC would be more difficult in terms of both signalling overhead and complexity of blind parameter detection.
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