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1 Introduction

As concluded in RAN #63 meeting [1], NAICS WI was approved and one of  the objectives is to  decide on the final higher-layer signaled parameters, including any subset restriction taking RAN4’s input and the system impact of higher-layer signaling or network coordination into account. 

In RAN1 #76 meeting, some potential parameters for higher-layer signaling were identified and some candidate parameters for blind detection with possible scheduling restriction (or subset restriction of parameters) were listed as below,
· Higher-layer signaling of parameters related to interference PDSCH could be beneficial to reduce the blind detection complexity or performance degradation

· It is not precluded at yet that some of the following candidate parameters may be blindly detected

· Candidate parameters for higher-layer signaling for further study both in RAN1 and RAN4 include

· Resource allocation granularity (e.g., a group of PRB or PRB pairs)

· RA type (e.g., type 0, LVRB, Ngap used for DVRB)

· System bandwidth

· Synchronization indication (e.g., CP length)

· CSI-RS configuration

· QCL

· Cell-ID

· CRS ports

· MBSFN pattern

· ρB/ρA--
· For the following parameters of interference PDSCH, UE blind detection is desirable to reduce scheduling restriction and signaling overhead, possibly detected from a reduced subset (e.g., RRC signaled) of all values for some parameters

· Presence or absence of interference 

· 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)

Based on the conclusions, it is desirable to further study the identifed parameters and decide on the final higher-layer signaled parameters from the perspectives of performance, complexity and overhead, etc. In this contribution, further analysis of parameters related to higher-layer signaling is provided and the corresponding proposals are given. 
2 Discussion on the signaling of each interference transmission parameter
In the following, the candidate parameters, as mentioned above, are analyzed, and the corresponding proposals are given.

2.1 Potential higher-layer signaling parameters without network coordination (or subset restriction)

· Cell ID, CRS antenna ports and MBSFN subframes
In LTE Release 11, the signaling of cell ID, CRS antenna ports, and MBSFN subframes for non-serving cells has already been supported via the following RRC message [36.331].

CRS-AssistanceInfo ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1}

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
}

Therefore, it is preferred to signal the above parameters via higher layer signaling for NAICS receiver.

· Cell-ID
Although Cell ID can be obtained by detecting the PSS/SSS of neighbouring cells, the acquisition reliability of PSS/SSS will be significantly impacted by the interference from serving cell and the detection complexity will be increased. From this perspective, informing Cell-IDs by higher-layer signaling is favourable. 
· CRS ports
Although CRS ports can be acquired by detecting PBCH of neighbouring cell, severe interference from the desired cell transmission would degrade the performance of PBCH detection. If CRS ports are known, it is not necessary to detect the neighbouring cells’ PBCH and reduce the UE’s complexity accordingly. So higher-layer signaling for CRS ports is more suitable from complexity and performance perspective.
· MBSFN pattern
MBSFN Pattern is configured by SIB2 and kept invariant for a long time. It is difficult to obtain this information by detecting the neighbouring cells’ SIB2. It is more appropriate to use higher-layer signaling.
· Synchronization indication (e.g., CP length)
Similar concerns as for Cell-ID and CRS ports are held for CP length. In addition, it is very difficult to obtain the other synchronization indications by detection, for example, an indication of whether the cell is considered as synchronization with the serving cell (including slot alignment) or not. Based on this factor, it can be informed to UE by higher-layer signaling. Thus, UE can decide whether conducting NAICS or not based on the synchronization indications.
· CSI-RS configuration
As described in the current specification [3], CSI-RS resource configuration(s) and/or CSI-IM resource configuration(s) can be configured to UE via higher-layer signaling. For NAICS, it is natural to use the similar mechanism for the acquisition of CSI-RS configuration.

· QCL
The DMRS/CSI-RS and CRS may be not quasi co-located (QCL) with each other w.r.t. time and frequency components, so UE may observe different timing offsets from serving cell and interfering cells. Therefore, the estimated frequency offsets from CRS may not be useful for processing the interfering PDSCH based on DMRS. In order to perform NAICS efficiently, some higher-layer signaling assistance about QCL assumptions between CRS and UE-specific RS on interfering cell is preferable. 
· PB 
PB is a cell-specific parameter, and can be obtained by higher-layer signaling or UE blind detection. However, the complexity of blind detection is high and the accuracy needs to be considered. From receiver complexity reduction and performance improvement perspective, higher-layer signaling is preferable.
The above parameters that are higher-layer configured per the current specifications and keep invariant for a long time. When these interference parameters are signaled by the higher layer signaling of serving cell, network coordination is unnecessary and it is beneficial to reduce blind detection complexity and improve performance. There is the following proposal:
Proposal 1: 

Parameters that can be signaled by higher-layer signaling from serving cell without network coordination are: cell ID, CRS antenna ports, MBSFN pattern, synchronization indication, CSI-RS configuration, QCL and PB.
2.2 Potential higher-layers signaling parameters with network coordination (or subset restriction)
· CFI/PDSCH start symbol 

CFI is used to provide the information of PDSCH start symbol for advanced receivers which can explicitly decode and cancel the interfering PDSCH. There exist the following two options for signaling CFI of interfering cells besides full blind detection: 

Option 1: Higher-layer signaling with network coordination. In the current specification, it allows the value of CFI to be dynamically changed every sub frame, but it requires semi-static CFI configuration, which will restrict the scheduling. The impact on the system performance from the scheduling restriction should be evaluated. 
Option 2: UE always assumes a fixed PDSCH start symbol (e.g., the number of symbols for PDCCH is always 3), or the same PDSCH start symbol as the serving cell. The advantage of this option is that network coordination is not required. However, the interference symbol may be wrongly cancelled or not be fully cancelled if the assumed CFI value is not equal to the actual CFI value, the performance loss can be observed from Figure 1. 

[image: image1.emf]-6 -4 -2 0 2 4 6 8 10 12

0

1

2

3

4

5

6

Throughput(Mbps)

SNR(dB)

Performance of throughput,serving QPSK 1/2,interference QPSK 1/2 INR=7.77dB

 

 

SLIC with known CFI

SLIC with Fixed CFI


Figure 1. Performance comparison between SLIC with known CFI and fixed CFI

If blind detection of CFI is not acceptable based on RAN4 conclusion, one of the two options can be selected considering that tradeoff of performance, complexity and overhead. 
· RA type (e.g., type 0, LVRB, Ngap used for DVRB)
There are three resource allocation (RA) types, which are type 0, type 1 and type 2. The corresponding RA granularities are RBG, RB and RB, respectively.

As discussed in RAN4, a larger RA granularity allows the target UE to exploit more data REs to make estimation/detection. Moreover, same RA type and/or granularity among cells can improve the accuracy of channel estimation and interference detection. If RA type is variable among cells, channel estimation may need to be performed on a per-PRB basis not per-RBG basis, which may degrade the performance of channel estimation. 

Currently, localized RA and distributed RA are supported to achieve multi-user gain and frequency diversity gain, respectively. However, the distributed VRB assignment may cause a different interference level across one PRB pair, which may increase the interference signaling overhead and receiver complexity. From this perspective, distributed VRB assignment may not be desirable. Besides, if distributed VRB assignment is assumed, Ngap is also needed to make UE determine the specific RB location of RA.
In summary, if RA type is known for UE by higher-layer signaling, the interference and channel estimation would be robust. The system impact due to RA restriction is FFS.
· Resource allocation granularity (e.g., a group of PRBs or PRB pairs)

As discussed above, resource allocation granularity is different for different RA types. A larger RA basic unit allows the target UE to exploit more data RE to make estimation/detection. In addition, as observed in [2] RA-granularity does not significantly impact the system performance.  Therefore, RA granularity can be considered for higher-layer signaling especially if multiple PRBs can be grouped together as a scheduling basic unit such as type 0 etc.
As there is the association between resource allocation type and resource allocation granularity, e.g., the resource allocation granularity is RBG in case of resource allocation type 0,  RA type (under RA restriction) by higher-layer signaling is sufficient for NAICS, but the system impact due to RA restriction needs further study.
· PA 
PA is a higher-layer configured UE-specific parameter, and the method of signaling without network coordination seems impossible due to the signaling overhead/backhaul requirement. 
The motivation with variable PA is to perform CRS power boosting operation, which can effectively increase the coverage in rural areas where the user throughput requirement is not heavy compared to urban areas [5]. Considering that the valuable scenarios for advanced receivers are mostly urban areas where UE may observe severe interference, it seems reasonable for network to define a typical PA value with coordination and inform it to UE by higher-layer signaling. On the other hand, a restricted PA set [4] was proposed to help UE with a better tradeoff of performance-complexity for blind detection. In addition, as observed in [5], there is no obvious performance difference in a range of PA values with QPSK/64QAM modulation.
Based on above analysis, informing a reduced set of PA with blind detection via higher-layer signaling is preferred.
· Transmission mode

Transmission mode is a higher-layer configured UE-specific parameter. From UE perspective, TMs of interfering cell could be dynamically changed. From blind detection perspective, DMRS based TMs can be detected by checking the presence of DMRS, and CRS based TMs can be detected by estimating the energy of PDSCH symbols.
However, the performance loss and the receiver complexity of blindly detecting TMs for every PRB need further evaluation in RAN4. If full blind detection of TM is not acceptable based on RAN4 conclusion, two options using higher-layer signaling with network coordination are provided here:
Option 1: Predefine a certain TM with network coordination and inform it to UE by higher-layer signaling from serving cell. The impacts of restriction on TMs should be evaluated in system level simulation.
Option 2: Predefine a restricted set of TMs with network coordination and inform it to UE by higher-layer signaling from serving cell, and UE performs blind detection of CRS based TMs, DMRS based TMs, and the absence of PDSCH within the restricted TM set. The performance-complexity should be evaluated in RAN4. 
· Virtual cell ID(
[image: image2.wmf]DMRS

ID

n

) 
This parameter is a dynamically configured UE-specific parameter and is only used for TM10. It represents the virtual cell ID and its range is from 0 to 503, the search space of possible virtual cell ID would be excessively large without any coordination or assisted signaling. Higher-layer signaling with scheduling constraint can be considered. 
The above parameters can be blindly detected in principle, but if there is no any restriction, the complexity is very high and even impossible to conduct, so subset restriction of these parameters is needed from complexity reduction perspective. But the system impact of network coordination, including signaling overhead and the performance impact of any scheduling restriction due to subset restriction should be evaluated. In order to align the companies’ results, it is needed to discuss the evaluation method first and then make the decision based on the evaluation results.
Proposal 2: 

Parameters that can be signaled by higher-layer signaling from serving cell with subset restrictions include RA type, PA,, virtual cell ID (
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) and how to evaluate the impact on performance is FFS.
The other parameters such as DMRS ports, modulation order, PMI/RI etc will be further discussed based on RAN4’s conclusions. 
Signaling method for the candidate parameters are listed in Table 1 below.

Table 1 Signaling method summary for candidate parameters
	
	Higher-layer signaling without network coordination
	Higher-layer signaling with network coordination(subset restriction)
	Blind detecition/FFS

	Candidate parameters that need signaling

	Cell-ID,

CRS ports,

MBSFN pattern,

Synchronization indication,

CSI-RS configuration,

QCL,

PB
	RA type,
RA granularity,
PA,

Virtual cell ID
	DMRS ports,
modulation order,
PMI,
RI
CFI 
Transmission mode,



3 Conclusion
In this contribution, the network assistance signaling of NAICS receivers is discussed, and there are the following proposals:
Proposal 1: Parameters that can be signaled by higher-layer signaling from serving cell without network coordination are: cell ID, CRS antenna ports, MBSFN pattern, synchronization indication, CSI-RS configuration, QCL and PB.
Proposal 2: Parameters that can be signaled by higher-layer signaling from serving cell with subset restrictions include RA type, PA, virtual cell ID (
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) and how to evaluate the impact on performance is FFS.
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Annex

Table 2: Simulation assumptions for modulation detection

	Parameters
	Values

	Interference modelling 
	One interference

	INR
	7.77dB

	Rank
	1

	MCS for serving cell
	QPSK1/2

	MCS for interference cell
	QPSK 1/2 

	Propagation channel
	2x2 low, EPA5

	Transmission mode
	TM9

	Channel and noise estimation
	Real channel estimation

	DMRS-IC receiver
	Yes
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