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1 Introduction

The work on Network Assisted Interference Cancellation and Suppression (NAICS) should be started in RAN2. The reason for introducing NAICS in 3GPP Rel-12 is to achieve higher network capacity under co-channel interference. Hence the study item of Network Assisted Interference Cancellation and Suppression was approved with the objectives of identifying advanced interference cancellation (IC) or Interference Suppression (IS) receivers with and without network assistance, evaluating their performance/complexity trade-off, and studying potential system level gain and specification impact.
The work item is to specify network assistance signalling for LTE downlink data channels and applicable to various receiver types 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.

In this paper we present decisions made in RAN1 and based on these we present a suggestion for how to introduce parameters in 36.331 to realize NAICS.
2 Discussion
This section consists of two parts. First decisions in RAN1 are presented and discussed. Then a suggestion how this can be implemented in 36.331 is presented.
2.1 Background
At RAN2#86 an LS was received [1] presenting the following RAN1 decisions:
	-
The following parameters of interfering cells are signaled by higher layer

-
Physical layer Cell ID, PB
-
CRS ports, i.e., 1, 2, and 4

-
MBSFN pattern

-
Restricted subset of combinations of virtual cell ID and nSCID for TM10

-
Maximum subset size of combinations of virtual cell ID and nSCID is in the range from 6 to 12, but the number of blind detection in a subframe may be less than the maximum subset size of combinations 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 or earlier (if agreements are reached after RAN1 email discussion), including existing values and possible new values
-
Working assumption[note]: TM(s) used in eNB
-
“x” bits to represent supported TMs, i.e., TM1, TM2 (a “fallback” mode), TM3, TM4, TM6, TM8, TM9, TM10
-
[Note]: During RAN1 discussion, some companies prefer to use “transmission scheme(s)” as an alternative higher layer signalling to “TM(s)”

-
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

-
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: How to associate the above higher layer signalling with a cell ID or other parameters (e.g., virtual cell ID, nSCID)


While email discussions in RAN1 attempting to further refine NAICS signaling parameters are ongoing, no further conclusions have been reached.  We therefore provide signaling to support the agreed parameters, parameters for which there is a working assumption, and a limited number of additional parameters.
Each NAICS-AssistanceInfo provides a CRS and a physical cell ID, optionally including a pair of scrambling IDs needed for TM10 operation (referred to here as Configurable Cell IDs, or ”CCIDs”).  In this way, CRS are associated with an interfering PDSCH, thereby identifying REs containing CRS as well as allowing CRS-IC.  Assistance for any or all TMs supported by NAICS can be provided in one NAICS-AssistanceInfo, and so information for fall back TMs is straightforwardly given. 

The signaling approach can therefore be seen to group PDSCH parameters in a TP specific way, essentially identifying a PDSCH configuration for the TP in each group (i.e. each NAICS-AssistanceInfo IE).  Multiple NAICS-AssistanceInfo IEs (up to maxNaicsConfig IEs) are provided, and each can address the same TP, so multiple configurations and CCID pairs can be associated with the same or a different TP, and different TPs can use a same or different cell ID. Because the number of CCID pairs may have implications on UE blind detection performance or complexity, the maximum number of CCID pairs is still under discussion in RAN1 and RAN4. Therefore, the value for maxNaicsConfig is FFS at present.
Proposal 1 The UE shall be able to receive several NAICS configurations (i.e. several NAICS-AssistanceInfo IE). The actual number (maxNaicsConfig) is FFS.
Regarding specific parameters:

-
Since the exact values of the agreed parameters ‘Restricted subset of PA’ and ‘Restricted subset of combinations of virtual cell ID and nSCID for TM10’ are not defined, we provide values that cover all proposals currently being discussed in RAN1.
-
Although it is FFS in RAN1 whether it is needed, the parameter pmiList-TM46 is provided to illustrate how codebook subset restriction could be supported for 4 CRS ports in NAICS assistance signaling. Codebook subset restriction for NAICS is further described in [3]. If RAN1 does not reach agreement to support codebook subset restriction for NAICS, then this signaling should not be introduced.

· The maximum number of NAICS-AssistanceInfo IEs to provide may affect the blind decoding complexity of the UE, and is FFS in RAN1 and RAN4.

· A parameter that is not strictly agreed, but that may be useful to implement agreements, is the maximum number of interfering layers. For CRS based TMs, the maximum rank can be implied by the choice of TM3, TM4, or TM6 in ‘subset of TMs’. However, for TMs 8, 9, and 10 indicating a maximum number of layers must be done in addition to TM. If there are concerns for blind detection performance or complexity for DMRS based TMs, this information could be useful to signal. A second benefit to specifying the maximum number of layers is to capture the agreement to limit interfering transmissions to 2 spatially multiplexed layers. This agreement can be easily captured by setting the default value of the maximum number layers to 2. Otherwise, the agreement may be difficult to capture: RAN4 performance tests are not behavioural specifications, and procedures in 36.331 or 36.213 are probably overkill.

The rationale for the signaling mechanisms and the values of these parameters can be found in a companion paper in RAN1 [2].
2.2 Parameters for 36.331
Below can be seen an example of how agreed parameters, parameters for which there is a working assumption, and a limited number of additional parameters can be implemented. The main IE NAICS-AssistanceInfo should be included in RadioResourceConfigDedicated. 
NAICS-AssistanceInfo-r12 ::= SEQUENCE {

naics-ConfigID-r12

Naics-ConfigID-r12,

nLayer-r12



ENUMERATED {layer1, layer2}

DEFAULT layer2,


minPRBs-r12



INTEGER (1..dl-Bandwidth) 

DEFAULT 1,


naics-supportedTMs-r12 
BIT STRING (SIZE (7))


OPTIONAL, -- Need ON


physCellId-r12


PhysCellId,


crsPortsCount-r12

ENUMERATED {an1, an2, an4, spare1},


mbsfn-ConfList-r12

MBSFN-SubframeConfigList
OPTIONAL, -- Need ON


naics-TM1to6Info-r12
SEQUENCE {



naics-p-a-List


SEQUENCE (SIZE (1..maxNAICS-PA-r12)) of NAICS-p-a 
















OPTIONAL, -- Need ON



naics-p-b



INTEGER (0..3), 


OPTIONAL, -- Need ON



pmiList-TM46-r12

BIT STRING (SIZE (32)) 

OPTIONAL, -- Need ON

}












OPTIONAL, -- Need ON

naics-TM10Info-r12 {



scramblingId1-r12

INTEGER (0..503), 



scramblingId2-r12

INTEGER (0..503) 


}












OPTIONAL, -- Need ON


...

}

Naics-ConfigID-r12 ::=

INTEGER (1..maxNaicsConfig-r12)
NAICS-p-a ::= 



ENUMERATED
{








dB-12, dB-10.77, dB-9, dB-7.77, dB-6, dB-4dot77, dB-3, 







 
dB-1dot77, dB0, dB1, dB2, dB3}
maxNaicsConfig-r12


INTEGER ::= FFS
-- Maximum number of interferers with assistance












-- information
maxNAICS-PA-r12



INTEGER ::= 4
-- Maximum number of power offsets per interfering TM1-6 












-- PDSCH

	NAICS-AssistanceInfo field descriptions

	crsPortsCount

The number of CRS ports that the UE can assume should be present on a cell transmitting the interfering PDSCH.  

	maxNaicsConfig 

Maximum number of interferers for which NAICS assistance information is provided.  

	maxNAICS-PA 
Maximum number of values of naics-p-a that the UE can assume should be used.

	mbsfn-ConfList

The subframes the UE can assume should be configured for MBSFN transmission on a cell transmitting the interfering PDSCH.  

	minPRBs

A UE may assume that the interfering PDSCH should be scheduled with minimum of minPRBs contiguous PRBs pairs.  The value of dl-Bandwidth corresponds to the UE’s serving cell.

	NAICS-AssistanceInfo

This field contains assistance information, used by the UE to mitigate interference from PDSCH while performing data demodulation. The assistance information is associated with particular PDSCHs generated using scramblingId1, scramblingId2, or physCellId.

	naics-p-a-List

The values of parameter 
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that a UE can assume should be used for the interfering PDSCH if it uses one of transmission modes 1, 2, 3, 4, 6.  Parameter 
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is described in TS 36.213 [23, 5.2].

	naics-p-b

The value of parameter 
[image: image3.wmf]B

P

that a UE can assume should be used for the interfering PDSCH if it uses one of transmission modes 1, 2, 3, 4, 6.  Parameter 
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 is described in TS 36.213 [23, Table 5.2-1].  

	naics-SupportedTMs

A bitmap indicating the subset of transmission modes 1-9 for which the interfering PDSCH may be configured.  Starting from the first/leftmost bit in the bitmap, the bits correspond to transmission modes 1, 2, 3, 4, 6, 8, and 9, respectively.  The transmission modes are defined in TS 36.213 [23, 7.1].  

	naics-TM10Info

Identifies an interfering TM10 PDSCH.  

	naics-TM1to6Info

Parameters needed in case the interfering PDSCH uses one of transmission modes 1, 2, 3, 4, 6. 

	nLayer

A UE may assume that at most nLayer layers should be present on an interfering PDSCH that is transmitted using spatial multiplexing.  If the interfering PDSCH uses 4 CRS ports and transmission mode 3, the UE may assume that the interfering PDSCH uses 4 layer spatial diversity or 2 layer spatial multiplexing. Value layer1 corresponds to 1 layer and layer2 corresponds to 2 layers.

	physCellId

The physical cell ID associated with an interfering CRS and/or an interfering PDSCH.  

	pmiList-TM46

A UE may assume that the precoding matrices in pmiList-TM46 are the only ones used on an interfering PDSCH associated with naics-physCellId that is transmitted using 4 CRS ports and transmission modes 4 or 6.  Parameter pmiList-TM46 corresponds to 
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 in codebookSubsetRestriction, as defined for transmission mode 4 with 4 antenna ports with 
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 layers; see TS 36.213 section 7.2 and TS 36.211 section 6.3.4.2.3.  A maximum of MaxNaicsPMI bits out of 
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 in pmiList-TM46 may be set to 1.  Rank 2 PMI matrices are subsets of rank 1 PMI matrices in pmiList-TM46: when nLayer indicates 2 layers, element 
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in pmiList-TM46 may be set to 1 only if 
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is set to 1.

	scramblingId1, scramblingId2

Parameter: 
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 used to transmit an interfering PDSCH with transmission mode 10, see TS 36.211 section 6.10.3.1.


As the NAICS-AssistanceInfo IE is relatively big and several configurations should be supported, it could be worth to design some more dynamic scheduling, e.g., by introducing –ToAddModLists and –ToReleaseLists containing IEs of NAICS-AssistanceInfo. 
Proposal 2 The NAICS signalling allows the eNB to add new and remove old NAICS configurations without removing the complete existing configuration and setting up a new one.

Proposal 3 The NAICS signalling is placed within the IE RadioResourceConfigDedicated.

2.3 Procedures for 36.331

We expect the impact from NAICS on procedures to be limited. The parameters are provided by the eNB to the UE and all the parameters are only of use on lower layers. In this way NAICS is similar to the parameters in information element NeighCellsCRS-Info introduced by the FeICIC WI. 
NeighCellsCRS-Info-r11 ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-r11
}
CRS-AssistanceInfoList-r11 ::=
SEQUENCE (SIZE (1..maxCellReport)) OF CRS-AssistanceInfo-r11

CRS-AssistanceInfo-r11 ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList,


...
}
	RadioResourceConfigDedicated field descriptions

	neighCellsCRS-Info

This field contains assistance information, concerning the primary frequency, used by the UE to mitigate interference from CRS while performing RRM/RLM/CSI measurement or data demodulation. When the received CRS assistance information is for a cell with CRS colliding with that of the CRS of the cell to measure, the UE may use the CRS assistance information to mitigate CRS interference (as specified in TS 36.101 [42]) on the subframes indicated by measSubframePatternPCell, measSubframePatternConfigNeigh and csi-MeasSubframeSet1.Furthermore, the UE may use CRS assistance information to mitigate CRS interference from the cells in the IE for the demodulation purpose as specified in TS 36.101 [42].


Proposal 4 All NAICS parameters are passed to lower layers and do not require elaborate procedure descriptions in TS 36.331.
3 Conclusion

Based on the discussion in section 2 we make the following proposals: 

Proposal 1
The UE shall be able to receive several NAICS configurations (i.e. several NAICS-AssistanceInfo IE). The actual number (maxNaicsConfig) is FFS.
Proposal 2
The NAICS signalling allows the eNB to add new and remove old NAICS configurations without removing the complete existing configuration and setting up a new one.
Proposal 3
The NAICS signalling is placed within the IE RadioResourceConfigDedicated.
Proposal 4
All NAICS parameters are passed to lower layers and do not require elaborate procedure descriptions in TS 36.331.
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