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1 Introduction
In this contribution, we present our view on network assistance signalling for NAIC. 

In Section 2, we first present the required parameters for advanced receiver types as well as a summary of blind detection and signalling approaches. In Section 3, we present our link level simulation results with blind decoding with RAN4 evaluation assumptions. In a separate contribution [7], we also show system level simulation results with blind detection. Finally, in Section 4, we summarize our view on the required signalling. 
2 General Considerations for Network Coordination/Signaling
The cost and benefits of network assistance discussion is still on going, where complex trade-offs on the dynamics of the signalling, backhaul latency, signalling overhead, coordination complexity and receiver impact would require further analysis. 

2.1 Parameters Impacting SLIC/R-ML Receivers
We list the set of transmission parameters/factors of the interferer that impact the SLIC / R-ML receivers.
· Traffic to RS ratio (Data to RS tone EPRE) for PDSCH channels. 
· Initial study indicated that network signalling of semi-static interfering cell parameters (such as a reduced set of data to CRS tone ERPE utilized by the network) could provide significant UE complexity reduction with small complexity and overhead. 
· Assumption 1: The value of Data to RS tone EPRE is determined by two parameters in the specifications: PA and PB. PA, a UE specific parameter, can be semi-static and PB, a cell specific parameter, is static. Since the blind estimation of PB would be over a long period of time, the per-TTI complexity is relatively negligible.
· Assumption 2: For rank1 transmissions using QPSK, the current specifications do not limit the EPRE to within a restricted set of values, while such a restriction could be helpful for performance-complexity improvement for blind detection. This document assumes that the restriction of EPRE applies to QPSK-rank1 transmissions.
· Spatial precoding scheme, which varies depending on the transmission mode.
· Since the interfering users/signals can be different per RB per subframe, signaling and restriction of the spatial precoding scheme will incur significant backhaul and signaling overhead, and/or unnecessary scheduler restriction. 
· As we show in the next section, advanced receiver can perform blind detection of the spatial precoding scheme.
· Modulation order of the interferer.
· Since the interfering users/signals can be different per RB per subframe, signaling and restriction of the modulation order will incur significant backhaul and signaling overhead, and/or unnecessary scheduler restriction. 
· As we show in the next section, advanced receiver can perform blind detection of the modulation order.
· Granularity of parameter variation: The UE could potentially see different interferers on each PRB-pair. With type-2 distributed allocation, the interferer could be different on each RB. This document assumes that the interference properties are the same across a PRB-pair. Note that this restriction is needed only for CRS-based PDSCH with rank 1 transmission; it does not apply to other cases such as DMRS based PDSCH transmission.  
2.2 Blind Detection and Signaling Options
As discussed in Section 2.1, many parameters can impact the performance of advanced receiver. Some of these parameters are dynamic, such as modulation order, precoding matrix, rank, while some others are semi-static. 

Several options of handling these parameters for advanced receiver. The following discussion will mainly focus on SLIC/R-ML.
· Blind detection:

· With advanced receiver processing, many dynamic parameters can be blindly detected by the UE without explicit signalling. 

· The main benefits of such approach are:

· No scheduler restriction, such as modulation order, precoding matrix, etc. 

· Minimize signalling overhead 

· Minimize network coordination

· Both link level analysis (in Section 3) and system level analysis (in [7]) show that dynamic parameters such as modulation order, precoding matrix, etc., can be reliably detected from the UE through blind techniques. 

· Semi-static signalling:

· Some semi-static signalling can be considered in addition to blind detection to reduce complexity and further enhance blind detection performance.  

· Semi-static signalling of restricted dynamic parameter set may be considered. 

· Some example of semi-static signalling examples include:

· Signalling a finite set of traffic to RS ratio (T2P). A reduced set of T2P values does not impact the flexibility of eNB scheduling, but can help simplifying blind detection. 

· Signalling the supported TM from neighbor cell. Although 10 TMs are specified in the spec, an eNB may implement only a small subset of the TMs. Information of supported TM can be signalled to UE to simplify blind detection. 

· For DMRS based PDSCH transmissions, a reduced set of virtual cell ID can be semi-statically signalled to UE to simplify advanced receiver operations. 

· Dynamic signalling:

· Dynamic signalling of interference information should be avoided for the following reasons: 
· These parameters can change on subframe and RB basis, the signalling overhead is not acceptable. 

· Restriction to the dynamic parameters, such as modulation order and precoding,  leads to scheduler constraints, which may also lead to link efficiency and system capacity loss from the interfering cell. 
· Signalling from serving cell will require tight coordination among different cells, which are not feasible for network with realistic backhaul. Signalling from interfering cell reduces backhaul exchange overhead and requirements, but it does not reduce the OTA signalling overhead and may have performance issues to reach the users in neighbor cells. It also involves significant standard changes. 
· As we show in link level and system level analysis, even with perfect dynamic signalling, the performance difference between blind detection and signalling is small. Blind detection allows advanced receivers to achieve most of the NAIC gain without scheduler restriction and signalling overhead. 
2.3 Signaling Proposals
Based on the above analysis, we propose the followings:

Proposal 1: 

Propose to have a reduced set of data to CRS ERPE ratios utilized by the network to be semi-statically signalled.
Proposal 2: 

Propose to allow UE with advanced receivers to assume resource allocation utilized by the network to be the same across a PRB pair.

Proposal 3: 

No need to signal spatial precoding scheme. Semi-static signalling of supported subset of TMs may be considered. 
Proposal 4: 

No need to signal modulation order. 

For DMRS based transmission schemes, other parameters such as virtual cell ID may need to be conveyed.

Proposal 5: 

Propose semi-static signalling of restricted set of virtual cell ID for DMRS based transmission schemes.
Proposal 6: 

Propose semi-static signalling of restricted set of CSI-RS configurations. 

In Section 3, we present the performance of fully blind algorithms, where data to CRS ERPE ratios (T2P), spatial precoding scheme, and modulation format are estimated/detected blindly. 
3 Performance of Blind Algorithms
3.1 Background for RAN4 Link Level Evaluations
In [6], Phase-1 of link level performance evaluation was presented for fully blind and genie-aided symbol level IC (SLIC) receivers. It was observed that the fully blind UE is able to achieve almost all of the gains promised by the genie-aided upper bound, thus confirming the viability of blind NAICS receiver performance. In this contribution, we present link level simulation results for Phase-2 of NAICS performance evaluations for the blind symbol level IC (SLIC) receiver. In RAN4, the objectives of Phase-1 and Phase-2 are as follows:
· Phase 1: Performance evaluations with a) fixed MCS/RI settings and b) fixed On/Off patterns that represent a simplified time slice of a partially loaded system.
· Goals: 
· Evaluate performance gains of advanced receivers under example scenarios of interest using typical interference levels obtained from system level simulations
· Achieve a first level of calibration/alignment across companies, agnostic to loading levels, partial loading models and outer loop link adaptation (OLLA) scheme etc.

· Phase 2: Performance evaluations with partial loading model at the link level using RAN1 recommended RU levels with dynamic MCS/rank chosen by the eNB based on a closed loop operation.
· Goals: 
· Performance evaluations with partial loading and closed loop operation modelled at the link level and calibration of results across companies.
3.2 Parameters for Phase 2 Evaluations
As per the WF [4] on Phase-2 modeling in the RAN4 68 meeting, several parameters and assumptions were agreed on for Phase-2 of simulation evaluations:

1. Geometry: In this paper, we consider the following two geometry settings for NAICS scenario 1 to begin with:

· SINR Range: [-3.74 dB , 1.08 dB]  (5th – 25th percentile of geometry)

· 50th percentile of I/Noc is = 7.68 dB, Conditional median I2/Noc = 2.16 dB. 

· Es/Noc sweep range for this configuration is 5.56 to 10.38 dB. [Calculated from SINR range] 

· 80th percentile of I/Noc is = 13.83 dB, Conditional median I2/Noc = 3.31 dB. 

· Es/Noc sweep range for this configuration is 10.62 to 15.44 dB. [Calculated from SINR range]
2. Simulation Cases: The following simulation case is presented in this paper:
Serving cell: TM4 with rank switching
Interferer1: TM4 

Interferer 2: TM4

Additionally, the following parameters apply:

· MCS/Rank of each interferer is fixed within a burst and changes from burst to burst with a certain probability distribution as listed below.

· Arrival Rate:

· Interferer packet arrival is a Poisson process with an mean inter-arrival time of 1500 ms.
· Rank:

· RI=1/2 is randomly chosen according to 50/50 probability for each interferer packet

· PMI: 
· When interferer is TM4, PMI is randomly selected on a per-subframe basis
· MCS (for each interferer packet): 
· When RI=2: MCS 5 (30% prob), MCS 14 (40%), MCS 19 (30%)

· When RI=1: MCS 8 (30% prob), MCS 17 (40%), MCS 22 (30%)

3. Receivers: Results are presented in this paper for the SLIC receiver with blind interferer parameter detection. Also, presented is the performance of the baseline Rel-11 MMSE-IRC receiver. 

4. Channels: All cells use EVA70 channel model.
5. Loading Level: A loading level of 40% is used for the simulation results presented here.
6. File Size: Interferer file size is assumed to be 0.5 MB. For simplicity of evaluations, the serving is always assumed to be ON – therefore the interpretation of the throughput results is that of the perceived UE throughput.
7. Outer Loop Parameters: Outer loop is enabled for the serving cell with the following parameters
· Target BLER: 10% for first transmission

· Step size on CQI (for MCS mapping): 

· Down 0.25 dB in effective C/I for each NAK

· Up 0.025 dB in effective C/I for each ACK

· CQI feedback interval: 10 ms

· AMC offset range = +/- 5dB

· UE Driven rank, PMI, MCS selection
8. Performance Metric: Average Throughput

The following table summarizes the parameters that were used for the ensuing simulation results. 
PDSCH Parameters for Phase 2 of NAICS Link Level Evaluations

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3
	

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3 (Note 1)
	-3
	-3
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at antenna port
	dBm/15kHz
	[-98]
	N/A
	N/A
	

	E/Noc
	dB
	Sweep: 5.56 dB to 10.38 dB

Sweep: 10.62 dB to 15.44 dB
	7.68 dB

13.83 dB
	2.16 dB

3.31 dB
	

	BWChannel
	MHz
	10
	10
	10
	

	Cell ID
	
	0
	6

(Colliding)
	1

(Non-Colliding)
	

	Number of control OFDM symbols
	
	2
	2
	2
	

	PDSCH TM
	
	TM4

TM2
	TM4

TM3
	TM4

TM2
	

	MCS/Rank
	
	Description above
	Description above
	Description above
	

	Channel model
	
	EVA70
	EVA70
	EVA70
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Note 2:      Cell 1 is the serving cell. Cell 2 & 3 are interfering cells.
Note 3:      Both layers of rank2 transmissions use the same MCS

Note 4:      CQI + outer loop based wideband PMI for serving PMI variations in time are based on closed loop), and within every burst, wideband PMI for interferer, varying randomly every subframe.
	 

	
	
	
	
	
	
	
	
	
	
	
	


3.3 Performance Results
One example of the performance of SLIC receivers with blind interferer parameter detection at the UE with RAN4 agreed geometry values and loading level is presented here. The results are shown for EVA70 channel model with the 80th percentile of I1/Noc for TM4 on serving cell as well as two dominant interfering cells. As one can see, advanced SLIC receiver performs significantly better than the baseline Rel 11 MMSE-IRC receiver. Furthermore, blind receiver techniques can be used to reduce the signalling overhead and scheduler constraints. 
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Figure 1: TM4 Interferer + TM4 Interferer with 80% I1/Noc Levels (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB), TM4 Serving Cell with Rank Switching: Fully Blind SLIC receiver performance for Cell Edge UEs
4 Conclusions
In this paper, we presented our view on the network coordination/signaling as well as performance results of blind detector. We propose the following for NAIC:

Proposal 1: 

Propose semi-static signalling of a reduced set of data to CRS ERPE ratios utilized by the network.
Proposal 2: 

Propose to allow UE with advanced receivers to assume resource allocation utilized by the network to be the same across a PRB pair.

Proposal 3: 

No need to signal spatial precoding scheme. Propose semi-static signalling of supported subset of TMs. 

Proposal 4: 

No need to signal modulation order. 

Proposal 5: 

Propose semi-static signalling of restricted set of virtual cell ID for DMRS based transmission schemes.

Proposal 6: 

Propose semi-static signalling of restricted set of CSI-RS configurations for NAIC. 
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