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1. Introduction

In the RAN #63 meeting, a work item on Network Assistance Interference Cancellation and Suppression (NAICS) for LTE was approved [1]. One of the objectives of the WI is to decide on the final high-layer signaled parameters and the candidate parameters are identified as following [2]: 
· 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
Based on the above conclusion, we discuss possible high-layer signaling for NAICS among the candidate parameters with considerations of performance impact and UE complexity. 
2. Discussion on high-layer signaling
2.1. System bandwidth and synchronization indication
In order to support inter-cell PDSCH cancelation of a NAICS UE, it is critical for the UE to know information of interfering cells such as system bandwidth, synchronization indication, and CP length. To attain such information, the UE may be able to detect PSS/SSS and PBCH of interfering cells. 

If RSRP difference between serving and interfering cells, which is lower than 6 dB, are only considered, PSS/SSS can be easily detected by the NAICS UE without any synchronization indication. Then, the UE can find information on system bandwidth and CP length without any high-layer signaling. 
On the other hand, if RSRP difference which is higher than 6 dB are also considered and the NAICS gain can be achieved additionally in this case, some enhanced solution may be required to facilitate PSS/SSS and PBCH detection. Further study on the enhanced solution is needed. 
Proposal 1: If RSPR difference which is higher than 6 dB are also considered and the NAICS gain can be achieved additionally, some enhanced solution may be required to facilitate PSS/SSS and PBCH detection.
2.2. RS & QCL information

In this section, we discuss CRS, CSI-RS, and DMRS assistance information and their QCL assumption that need to be signaled to NAICS UE. 

For interfering cell’s CRS information, we can simply reuse legacy RRC signaling designed for feICIC to avoid increasing BD complexity and possible wrong detection.

Interfering cell’s CSI-RS information also needs to be signaled by RRC considering its usefulness as follows. For example, in heterogeneous network like CoMP scenario 4, interfering NZP CSI-RS can be used to find the strongest interfering TP, which is not possible with cell specific CRS. Also, when canceling DMRS based interference, the UE can use QCL relationship with corresponding NZP CSI-RS and improve interfering channel estimation accuracy. In addition, both NZP CSI-RS and ZP CSI-RS information should be signaled for interfering PDSCH RE mapping. Without being aware of those, UE would try to cancel PDSCH interference even on NZP/ZP CSI-RS RE, resulting in interference amplification.

As for interfering cell’s DMRS information, at least virtual cell ID or ID set should be given to the UE since the range of its values are too wide to rely on BD. Furthermore, RRC signaling for nSCID and port information can be considered, depending on RAN4 conclusion on joint BD feasibility.

Figure 1 summarizes proposed CRS, CSI-RS, and DMRS assistance information configured by RRC signaling. 
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Figure 1. Proposed RS assistance information

QCL assistance information can consist of QCL type, quasi co-located CSI-RS and DMRS, and quasi co-located CRS and CSI-RS, which are highlighted in bold in Figure 1. For better understanding of how UE can use this information when canceling DMRS based interference, we take an example in Figure 2 where UE1 is a NAICS UE conducting IC in its scheduled subband, e.g., subband 1,2, and 3. 

In each of subband 1, 2, and 3, a different UE of cell 2 receives DMRS based PDSCH from different TP so that UE1 (NAICS UE) needs to use different QCL assumption when canceling each interference from cell 2. 

To be specific, in subband 1, UE2 receives DMRS from RRH2 and it uses quasi-collocated RS to get large-scale properties of the channel, based on QCL type B. In other words, it uses CSI-RS that RRH2 transmits, which is quasi-collocated with the DM-RS with respect to Doppler shift, Doppler spread, average delay, and delay spread. Also, it uses CRS that both RRH2 and macro eNB2 transmit at the same time, which is quasi-collocated with the CSI-RS with respect to Doppler shift and Doppler spread, providing a frequency synchronization reference. 

In subband 2, UE3 assumes the same QCL type and quasi-collocated CRS as UE2 does but it uses different quasi-collocated CSI-RS that macro eNB2 transmits as it receives DMRS from eNB2. This points out that UE1 should use different QCL assumption when canceling interference at subband 1 and subband 2. 

Also, QCL type of interference should be configured by RRC in order for UE1 to cancel interference coming from DMRS based PDSCH of Rel-10 UE, e.g., UE4. Unlike Rel-11 UEs such as UE 2 and 3, UE4 is unable to assume QCL type B and to differentiate different TPs sharing the same cell ID. Therefore, when UE1 cancels interference at subband 3, it should assume QCL type A and needs TP shared CSI-RS, TP shared DM-RS and CRS information of cell 2.
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Figure 2. An example of heterogeneous network

Based on the example in Figure 2, Figure 3 shows CRS, CSI-RS, and DMRS assistance information configured to UE1 and their QCL type and QCL relationship. Detail parameters that each assistance information contains can be found in Figure 1.
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Figure 3. An example of for RS and QCL information configured to UE1 by RRC

Proposal 2: High-layer signaling on the proposed CRS, CSI-RS, and DMRS assistance information should be considered, depicted in Figure 1. 
2.3. Power allocation related parameters
Since 
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 is a cell-specific parameter, high-layer signaling on 
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 of interfering cells can be provided to a NAICS UE. 
If interfering PDSCH is CRS-based transmission, the NAICS UE requires 
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 in order to determine the ratio of interfering PDSCH EPRE to RS EPRE within OFDM symbols not containing CRS. Due to the high density of the power boosting factor (e.g., 
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), it seems that reliable estimation of 
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 is quite difficult. It is possible to consider that 1) only a reduced set of 
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 values [3], [4] or 2) only one value among 
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 values is given to a NAICS UE with high-layer signaling. The former can provide a reduction of blind detection hypotheses and would also improve the detection reliability. But, the former still requires blind detection of the NAICS UE while the latter does not. It is unclear whether or not power allocation flexibility coming from a set restriction on 
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 provides a benefit of performance. Hence, we think that it seems desirable to consider a restriction of 
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 to only one value and high-layer signaling rather than the set restriction on 
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 unless its benefit is clear.

Proposal 3: High-layer signaling for 
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 of interfering cells should be considered. High-layer signaling to use only one value of 
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 should be also considered. 
2.4. Resource allocation
Several interference parameters are required for advanced receivers since the characteristics of interference from even an interfering cell depend on scheduling and channel conditions. Thus, high-layer signaling and network coordination for resource allocation of interfering cells would be helpful for a NAICS UE. In this section, we discuss possible alternatives on high-layer signaling and network coordination for resource allocation related information. 
Alternative 1: High-layer signaling on gap value
When a RB pair assigned to a NAICS UE is also scheduled by an interfering cell in the distributed manner, there will be differences of interference parameters between the first and second time slots during the subframe. Particularly in a system with bandwidths more than 50 RBs, the distributed resource allocation makes use of two kinds of gap values so the UE cannot know the mapping of virtual RBs onto physical RBs unless knowing which gap values to be used by the interfering cells. Thus, a restriction to use only one gap value can be established by network coordination among cells and the gap value can be signaled semi-statically by serving cell. We see that alternative 1 can still provide enough resource allocation flexibility  since only gap value is limited by semi-static coordination. However, since the NAICS UE does not know whether LVRB or DVRB is used, the NAICS UE may blindly detect interference parameters twice with assuming localized and distributed resource allocation, respectively, which incurs more BD complexity compared with the following alternatives 2 and 3.   
Alternative 2: Restriction to use LVRB only

A restriction to use only LVRB at the interfering cells can be considered. In this case, the NAICS UE can blindly detect interference parameters on PRB-pair basis. However, this approach can impose too strict scheduling restriction to cells by prohibiting the distributed resource allocation which can provide the frequency diversity. 

Hence, a less restriction can be considered is to signal time/frequency resource where LVRB is only used. The rest of time/frequency resource can be assigned in a localized or distributed manner and NAICS UE may not perform IC on those resources. 

Alternative 3: Restriction to use type 0 only
In alternative 3, we suggest a restriction to use only resource allocation type 0. Then, BD performance will be improved since interference parameters can be detected per RBG rather than PRB-pair. But alternative 3 requires more strict scheduling restriction compared with alternatives 1 and 2. Similar to alternative 2, restricting to use only resource allocation type 0 for some time/frequency resource can be considered for the relaxation of such scheduling restriction. The performance impact of the limitation to use type 0 only is FFS. 
Proposal 4: High-layer signaling and/or coordination on resource allocation such as the above alternatives should be considered. 
2.5. CFI
PDCCH regions can change subframe by subframe in order to support flexible scheduling. If a NAICS UE makes a wrong decision on CFI, it can suffer from the undesirable performance degradation. As one of possible approaches, higher-layer signaling with network coordination for CFI of the interfering cells can be feasible which may impose slight constraints to dynamics of setting CFI. Alternatively, network coordination for CFI alignment among cells without high-layer signaling can be considered. In this case, the NAICS UE may assume that CFI of the interfering cell will be aligned to the same as that of the serving cell by network coordination. However, the CFI alignment results in more scheduling restriction on the network than the RRC signaling approach, since each cell not only becomes unable to set CFI dynamically but also decides its CFI to be aligned with those of neighbor cells. Therefore, we prefer higher-layer signaling of interfering cell’s CFI.
Proposal 5: High-layer signaling for CFI should be introduced. 
Besides above parameters, it should be noted that high-layer signaling may be beneficial to some parameters. Whether high-layer signaling on each parameter is needed or not is FFS. If blind detection of some parameter is confirmed to be feasible without aid of set restriction from RAN4’s study, there is no need for high-layer signaling at all. Otherwise, high-layer signaling on some parameters should be considered. 
2.6. Number of NAICS candidate cells
It can be seen from our simulation results in Appendix A that the system level gain from NAICS depends on the number of NAICS candidate cells. If the number of NAICS candidate cell is one, then UE receives the above RRC signaling for a single cell and performs IC only when the cell has DL data traffic and interference occurs. On the other hand, if the number of NAICS candidate cells is three, then UE receives the above RRC signaling for up to three neighbor cells and performs IC for the strongest interference when any of those cells has DL data traffic. As a result, as the number of NAICS candidate cells increases, NAICS UE is more likely to perform IC.

We observe that the system level gain increases as the number of NAICS candidate cells grows. This observation should be taken into account when we discuss BD complexity the UE can support and how much RRC signaling is introduced to reduce it. As the number of NAICS candidate cells increases, the UE is likely to try interference presence BD more times, thus increasing BD complexity. Given that NAICS gain in 3 candidate cells case achieves 6% more gain than single candidate cell case, it seems desirable to investigate BD complexity and required RRC signaling, targeting the case where the UE can choose the strongest interference among multiple candidate cells.
Proposal 6: BD complexity and required RRC signaling should be studied, targeting the case where the UE have multiple NAICS candidate cells.
3. Conclusion
In this contribution, we discussed possible high-layer signaling for NAICS. Based on the discussion, we made the following proposals:

Proposal 1: If RSPR difference which is higher than 6 dB are also considered and the NAICS gain can be achieved additionally, some enhanced solution may be required to facilitate PSS/SSS and PBCH detection.
Proposal 2: High-layer signaling on the proposed CRS, CSI-RS, and DMRS assistance information should be considered, depicted in Figure 1. 
Proposal 3: High-layer signaling for 
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 of interfering cells should be considered. High-layer signaling to use only one value of 
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 should be also considered. 
Proposal 4: High-layer signaling and/or coordination on resource allocation such as the above alternatives should be considered. 

Proposal 5: High-layer signaling for CFI should be introduced. 

Proposal 6: BD complexity and required RRC signaling should be studied, targeting the case where the UE have multiple NAICS candidate cells.
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Appendix A: System level simulation results

Table 1. Evaluation results of SLIC in NAICS scenario 1(RU 60%)
	Receiver type

(# of candidate cells for NAICS)
	RU
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)

	
	
	
	

	MMSE-IRC
	0.59
	1.4431 
	0.1474 

	
	
	0.0 %
	0.0 %

	SLIC

(1 cell)
	0.56
	1.5123 
	0.1665 

	
	
	4.8 %
	13.0 %

	SLIC

(3 cells)
	0.56
	1.5211 
	0.1755 

	
	
	5.4 %
	19.1 %


Appendix B: Simulation parameters and assumptions

	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE, 20% outdoor UE

	Small cells per sector
	4 (sparse)

	Traffic model
	FTP model 1, 0.5 Mbyte file size

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU -MIMO

	Channel quality report
	Mode 1-1: Wideband PMI per 50 RBs, Wideband CQI per 50 RBs
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 2-tx codebook

	Antenna configuration
	2x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas, 0.5 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	MMSE-IRC / SLIC

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	CRE
	0 dB

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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