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1
Introduction
In the RAN2#86, RAN1 sent an LS [4] to RAN2 on the NAICS parameters. To summarize, the LS states the following:
	i) RAN1 would like RAN2 to define some parameters for NAICS purpose (however, no parameter excel was yet provided)

ii) No NAICS-specific UE triggers are defined

iii) The NAICS CSI enhancements should have no impact on RAN2.


The below text is excerpted from the LS, to show the complete text of the RAN1 request:

	1) With respect to high layer signaling and parameters that UE may implicitly assumed, RAN1 reached the following conclusions: 
· 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)
2) RAN1 also discussed the provisioning of higher layer signaling and reached the following conclusion: 
· Network assistance signalling from serving eNB can be provided to UEs without any new NAICS-specific report/trigger from a UE
· FFS: Network assistance signalling from serving eNB can be provided to UEs with new NAICS-specific trigger, and if so the triggering event/condition
3) RAN1 also discussed the CSI enhancement issue and reached the following agreement: 
· No RAN2 impact by NAICS CSI enhancement
· In RAN1 #78 meeting, all companies are encouraged to investigate only UE reporting behavior under the current CQI definition and possible clarification/modification if needed as CSI enhancement


In this contribution, we consider the RAN2 work to be done for the NAICS, especially on how the signalling could be done.
2
NAICS Operation 
The NAICS operation can be summarized as follows [7]: eNB provides information on interfering cell or cells to a UE, which then utilizes the information to improve its reception of the serving cell (e.g. via cancelling the interference). The eNB ensures that the UE has up-to-date information via X2 coordination, and signals changes in the interference environment to the UE. This is illustrated in the Figure 1 below.
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Figure 1. NAICS operation with 1 serving cell and 2 interfering cells
From a single NAICS UE perspective, the eNB-to-UE signalling should be seen from both the frequency and time dimensions, these options being captured in Table 1.
Table 1: Signalling options with respect to the time and frequency nature of the dominant interferer.

	Frequency 

Time
	One interferer with smaller or equal frequency allocation as NAICS UE
	Multiple interferers with frequency overlap with the NAICS UE

	Interferer static in time
	One signalled interferer
	Multiple signalled interferers

	Interferer dynamic in time
	Multiple signalled interferers 
	Multiple signalled interferers 


2.1 NAICS signaling procedure

One of the key aspects of providing network assistance is related to the RRM procedures needed to trigger such network assistance. The most accessible option is to rely on existing RRM measurements, i.e. to allow the UE monitor RSRP for the neighbour cells while the network to provide signalling for the dominant, or a top N dominant interferers. 

In Figure 4 we depict the signalling procedures for the two options of proactive (Figure 4 (a)) and reactive (Figure 4 (b)) network assistance. Current RSRP measurements can be utilized to trigger the network assistance feedback. One of the differences between proactive and reactive network assistance is the fact that in the former the UE has the choice to decide the interferer to be cancelled while in the later the UE is mandated to cancel a specific interferer. This is particularly important if the change rate of the dominant interferer is faster than the RRM reporting procedures. The proactive network assistance allows also for seamless IC with respect to a change in dominant interferer, while the reactive approach would create time regions of no IC during the feedback period.
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(a)                                                                             (b)

Figure 4: NAICS signalling procedures (a) proactive network assistance (b) reactive network assistance
Observation 1: Proactive approach (providing signalling for more than 1 cell/point) can avoid frequent RRC reconfigurations due to dominant interferer changing. With reactive approach, the eNB has to send RRC reconfiguration every time the dominant cell/point changes.
3
Signalling of NAICS parameters 
The parameters requested by RAN1 can be grouped as follows:

1) Information in the broadcast or SI of the interfering cells (PCI, CRS, MBSFN pattern)

a. FFS whether TDD DL/UL configuration is provided

2) Dedicated information on PDSCH transmission (virtual cell ID, nSCID, PA, Data RE to RS power offset, cell TM configuration, PRB allocation information, precoding). 

a. FFS: QCL parameters

b. FFS: ZP CSI-RS and NZP CSI-RS configurations 

c. FFS: PDSCH starting position (i.e. for how many symbols is PDCCH configured?)

3) Synchronization information (implicit, the cells involved in NAICS are assumed to be synchronized)

We will discuss each of these groups in the following sections. However, given that the signalling is done with RRC, we observe that it seems the intention is that the parameters are semi-static, i.e. not changing very frequently (since this is the purpose of RRC).
Observation 2: NAICS parameters are expected to be semi-static, i.e. not change over every subframe.

It should also be observed that the RAN1 seems to mainly consider a single frequency case. However, it is not clear why the cancellation receiver could not operate on multiple serving cells when CA is configured, but this is not clearly said in the RAN1 LS and should be still verified by RAN1. We believe these have already been agreed in RAN1 even if they are not noted in the LS [4], so we propose
Proposal 1: The NAICS parameters can be provided for PCell and all SCells.

It’s also clear that on which serving cell UE supports NAICS could easily also be dependent on UE capability. For example, at least the following alternatives could be possible: If UE supports NAICS, it supports NAICS on
1. All serving cells. 
2. PCell only. 

3. On N serving cells at a time (any combination of serving cells)

4. PCell/SCell depending on configured CA bandcombination

For options 1 and 2, the UE capability can be done with one bit only. For option 3, the capability could an INTEGER (i.e. what’s the value of N), and for option 4 the capability would have to be bandcombination-specific. Given that it is not clear which option RAN1 intends, there would likely be a need to ask RAN1 if they had a preference in mind.
Proposal 2: Send LS to RAN1 to ask whether NAICS is supported on all configured component carriers 
3.1
Broadcast information from interfering cells 

The common factor in these parameters is that they are cell broadcast information:

· PCI can be obtained via PSS/SSS acquisition (i.e. cell search).

· Number of CRS ports is obtained via PCI and MIB 
· MBSFN pattern is broadcast in SIB2

· FFS: TDD UL/DL configuration is provided in SIB1
However, we would note that how these parameters are associated with the other groups is still FFS in RAN1. Still, we would note that the first three bullet points are exactly the same information that is already possible to signal for feICIC assistance information. Hence, if the TDD UL/DL configuration is not needed, the whole Rel-11 IEs could even be fully reused. 
Observation 3: The feICIC CRS-assistance information can be reused for PCI, CRS ports and MBSFN pattern information of NAICS.

3.2
PDSCH transmission information 

The common factor in these parameters is that they are dedicated (i.e. UE-specific) information:

· TM/TS configuration of the interfering cell (i.e. which transmission modes (TM) or transmission schemes(TS) the UE can expect from the interfering cell)
· For TM10: CSI-RS configuration (i.e. both ZP and NZP configuration (FFS), QCL information (FFS), virtual cell ID and nSCID information)
· PRB allocation information

· PA subset
· FFS: Precoding matrix subset for 4CRS

· FFS: PDSCH starting position 

Reducing the list a bit, we notice that all of the information related to just the PDSCH transmission to the UEs being served by the interfering cell. However, there are many FFS still (e.g. on the TM10 support and parameter details), so it seems reasonable to wait for RAN1 to decide on the parameters before going into details of the parameters. Still, the high level fields for the TM/TS configuration, TM10 parameters in case TM10 is used, PRB allocation information and Pa subset can be defined.
Observation 4: RAN1 should resolve the FFS before the full ASN.1 details of this group of parameters can be defined.

3.3
Synchronization information 

The synchronization information is implicit: When a UE is provided with NAICS information for a cell, the UE shall assume that the cell is synchronized with the serving cell. 
Observation 5: UE can assume that all cells under NAICS signalling are SFN-synchronized.

However, the synchronization assumptions seem to be more of RAN4 assumptions and may not need to be reflected in the RAN2 specifications. 
3.4
Way Forward with NAICS in RAN2 
Given the large amount of FFS in the RAN1 LS, it seems difficult to fully progress the work in RAN2. Nevertheless, we think it would help to try to agree on general ASN.1 principles, as proposed in previous sections. Once the details are then communicated RAN2 can more easily continue the work in e.g. e-mail discussion. 
Proposal 5: RAN2 to start consider the ASN.1 structure of the parameters while waiting for RAN1 progress on NAICS.

On the ASN.1 details, we propose the following:

Proposal 3: Create a cell-specific structure containing the broadcast-based information from interfering cells.

Proposal 4: Create a cell-specific high-level IE for the information on dedicated information on interfering cell.

Table 2. Example of ASN.1 for broadcast-based information from interfering cells
	-- ASN1START

InterfererInformation ::=

SEQUENCE {


naicsInterfererInfo




NeighCellsNaicsInfo-r12,
}

NeighCellsNaicsInfo-r12 ::=

CHOICE {


release






NULL,


setup






NaicsAssistanceInfoList-r12
}
NaicsAssistanceInfoList-r12 ::=
SEQUENCE (SIZE (1..maxNaicsCells)) OF NaicsAssistanceInfo-r12
NaicsAssistanceInfo-r12 ::= SEQUENCE {


crsAssistanceInfo




CRS-AssistanceInfo-r11,

    pdschInformation




PDSCH-Config-r12,


...
}

PDSCH-Config-r12 ::== SEQUENCE {


txInformation


TxInformation-r12,


tm10-Information

TM10-Information-r12

OPTIONAL,

-- Cond TM10


p-a





P-a-Restriction-r12


OPTIONAL, 

-- Need OR


prbAllocationInfo

PRB-AllocationInfo-r12

OPTIONAL, 

-- Need ON


...

}

-- ASN1STOP

Conditional presence

Explanation
TDD

This field is mandatory present for TDD; it is not present for FDD and the UE shall delete any existing value for this field.

TM10
This field is mandatory present if TM10 is included in the txInformation; otherwise, it is not present and the UE shall delete any existing value for this field.



	


4
Conclusion
We have discussed the signalling of the NAICS parameters. It seems the NAICS work is still incomplete in RAN1 and the LS to RAN2 is missing several details. Hence, RAN2 may have to still wait further to really progress the work.
We have made the following observations:
Observation 1: Proactive approach (providing signalling for more than 1 cell/point) can avoid frequent RRC reconfigurations due to dominant interferer changing. With reactive approach, the eNB has to send RRC reconfiguration every time the dominant cell/point changes.
Observation 2: NAICS parameters are expected to be semi-static, i.e. not change over every subframe.

Observation 3: The feICIC CRS-assistance information can be reused for PCI, CRS ports and MBSFN pattern information of NAICS.

Observation 4: RAN1 should resolve the FFS before the full ASN.1 details of this group of parameters can be defined.

Observation 5: UE can assume that all cells under NAICS signalling are SFN-synchronized.

Based on these, we propose the following:
Proposal 1: The NAICS parameters can be provided for PCell and all SCells.

Proposal 2: Send LS to RAN1 to ask whether NAICS is supported on all configured component carriers 
Proposal 3: Create a cell-specific structure containing the broadcast-based information from interfering cells.
Proposal 4: Create a cell-specific high-level IE for the information on dedicated information on interfering cell.
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