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1 Introduction

As concluded in RAN#62 meeting [1], the discussion on NAICS receivers will continue and the focus is to identify the interference transmission parameters for signalling and that for receiver detection, based on the studies of receiver performance and complexity impact with and without network assistance, as well as the trade-offs between the feasibility of network assistance signalling and the system performance impact from scheduling constraint. 
In this contribution, the network assistance signalling aspect of NAICS is discussed, and the signalling method for each transmission parameter is proposed. The considerations on network coordination can be found in our companion contribution [2]. 
2 Overview of signalling method of interference transmission parameters
The required interference information for advanced receivers depends on the receiver types. Here we focus on the interference transmission parameters which can enable interferer channel estimation and interferer detection at symbol level. The transmission parameters listed in the “receiver assumption” section of [3] include:

· Parameters that are higher-layer configured per the current specifications (e.g., TM, cell ID, MBSFN subframes, CRS antenna ports, PA, PB) 

· Parameters that are dynamically signalled per the current specifications (e.g., CFI, PMI, RI, MCS, resource allocation, DMRS ports, 
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used in TM10)

· Other deployment related parameters (e.g., synchronization, CP, subframe/slot alignment)
For these interference transmission parameters which could be signalled, the signalling methods include higher-layer signalling from serving cell, dynamic signalling from serving cell, higher-layer signalling from interference cell, dynamic explicit signalling from interference cell and dynamic implicit signalling from interference cell, which are listed in Table 1. Regarding the interference transmission parameters being signalled and the related signalling method, it is discussed in section 3. Among these signalling methods, the first two methods require information exchange between the serving cell and interference cells, which is restricted by the backhaul capacity and latency. 
Regarding the backhaul, both ideal backhaul and non-ideal backhaul are considered in this study item [3]. It is preferred to first have a unified signalling mechanism for ideal backhaul and non-ideal backhaul for simplicity. Ideal backhaul has large capacity and low latency, which can be regarded as a special case of non-ideal backhaul scenarios. Hence we first focus on the required interference parameters and signalling method for non-ideal scenarios. The optimization of signalling mechanism for ideal backhaul scenario can be studied further. 
For non-ideal backhaul scenario, it is difficult to exchange the instantaneous scheduling information due to the limited capacity and latency, and therefore the method of dynamic signalling from serving cell could be excluded and we can focus on the remaining methods. Pros and cons of the other methods are summarized in Table 1. 
Table 1: Pros and Cons of the signalling methods for non-ideal backhaul
	Signalling method
	Pros
	Cons

	Higher-layer signalling from serving cell
	Acceptable signalling overhead.
Reliable detection of interference transmission parameters.
No extra implementation at UE receiver side is needed to detect PDCCH/PDSCH of interfering cells.
	Network coordination is needed to manage the UE-specific higher layer configured transmission parameters for the interfering cells, i.e., scheduling restriction, which may impact on the system performance.


	Higher-layer signalling from interference cell
	No backhaul limitation.
	UE needs to detect the PDCCH and the corresponding PDSCH (conveying the interference transmission parameters) of interference cells, which significantly increases receiver complexity. 
Worse detection performance of the PDCCH and PDSCH of interference cells. 

	Dynamic explicit signalling from interference cell
	No backhaul limitation.
No scheduling constraints.

Availability of instantaneous and accurate interference information.  
	High signalling overhead.
UE needs to detect PDCCH /EPDCCH of interference cells, which also increases receiver complexity. 
Worse detection performance of PDCCH/EPDCCH of interfering cells.

	Dynamic implicit signalling from interference cell (some transmission parameters are blindly detected and other parameters can be determined from the detected interference information based on a certain predefined association)  
	No backhaul limitation.
Low signalling overhead. 
	UE needs to blindly detect part of interference information, e.g., 
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, and the accuracy of some transmission parameters depends on the performance of blind detection.


Proposal 1: 
Higher-layer signalling from serving cell with network coordination and dynamic implicit signalling from interference cell are preferred for interference transmission parameters which need to be signalled; dynamic/higher-layer signalling from interference cell may be excluded for NAICS. 
3 Signalling method for each interference transmission parameter
Some basic assumptions for network deployment were agreed as ideally aligned between neighbouring cells in previous meetings, e.g., CP, synchronization, subframe/slot alignment, system bandwidth. In addition, the signalling of cell ID, CRS antenna ports, and MBSFN subframes for non-serving cells has already been supported, and therefore they can be directly reused for advanced receivers to mitigate the interference. The possible signalling methods for other required interference transmission parameters are discussed below. 
· 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 are the following two options for signalling CFI of interfering cells: 
Option 1: Higher-layer signalling with network coordination. In the current specification, it allows the value of CFI to be dynamically changed every subframe, but for option 1 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. 
For simplicity and less scheduling constraints, option 2 is slightly preferred.
· PB 
As PB is a higher-layer configured cell-specific parameter, it can be informed to UE by introducing a higher-layer signalling without network coordination. UE blind detection may also be an option as discussed in [4].
Option 1: Higher-layer signalling from serving cell. Actually, this is an optimized option if higher-layer signalling is agreed to be introduced. There is no network coordination requirement.
Option 2: UE blind detection, the performance and complexity should be evaluated in RAN4. 
From receiver complexity reduction and performance improvement perspective, we prefer option 1.
· PA 
As PA is a higher-layer configured UE-specific parameter, from UE side, it may observe that different PA values over different PRBs in interference cell due to instantaneous scheduling. The method of signalling without network coordination seems impossible due to the signalling overhead/backhaul requirement. The initial 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. On the other hand, a restricted PA set [4] was proposed to help UE with a better tradeoff of performance-complexity for blind detection.
Option 1: Predefine a typical PA value with network coordination and inform it to UE by higher-layer signalling from serving cell. 
Option 2: UE blind detection with a restricted set of PA values, the receiver complexity and performance should be evaluated in RAN4 with link level simulation. 
Although blind detection of the PA value at UE side is possible, the detection error of the power offset between the reference signal and data will cause decoding performance degradation especially when 64QAM is used [5]. The explicit signalling of PA is preferred. 
· Transmission mode

Transmission mode is a higher-layer configured UE-specific parameter. From UE perspective, TMs of interference cell could be dynamically changed as PA. From blind detection perspective, DMRS based TMs can be detected by checking the presence of DMRS, and for CRS based TMs, the absence of PDSCH may 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. Furthermore, the receiver complexity will be significantly increased for UE to determine the exact transmission mode. Two options are provided here. 
Option 1: Predefine a certain TM with network coordination and inform it to UE by higher-layer signalling 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 signalling 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. 
We slightly prefer option 1 considering the simplicity of UE detection. 
· Resource allocation
Resource allocation is dynamically signalled in UE-specific manner. Since the distributed VRB assignment in type 2 may cause a different interference level across one PRB pair, which may increase the interference signalling overhead and receiver complexity, type 2 resource allocation is not assumed in interference cell for advanced receivers when mitigating the interference.
· PMI and RI 
PMI and RI are dynamically signalled UE-specific parameters. These parameters are required only if the interference PDSCH is transmitted in TM3, TM4, TM5, or TM6. As PMI is determined by the direction of the desired signal as well as the directions of interfering signals, the scheduling constraints on PMI would cause large performance loss. If we consider dynamic signalling PMI and RI from interference cell, the signalling overhead would be too large for network. The only possible method for PMI/RI is UE blind detection. The receiver complexity and performance reliability of UE blind detection on PMI/RI should be evaluated in RAN4 with link level simulation. 
· Modulation order 

Modulation order is a dynamically signalled UE-specific parameter. The evaluation of modulation order blind detection has already been provided [4][6] and some simulation results in [6] are attached here. 
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Figure 1 Performance comparisons between genie-aided and detected modulation order 

From the above results we observe that blindly detecting modulation order can achieve the similar performance of ideal modulation order in some cases. However, the simulation results are still limited and the blind detection complexity may be high. Alternatively, the implicit signalling modulation order can be considered which may be beneficial to reducing the detection complexity. 
Option 1: Implicit signalling from interference cell. The modulation order of different PRBs in interference cells could be implicitly signalled in each scheduled PRB to UE, e.g. modulation order is associated with DMRS scrambling initialization identities. This can reduce the detection complexity and increase detection reliability without addition network signalling overhead.
Option 2: UE blind detection, the performance-complexity should be further evaluated in RAN4. 
·  Power offset 
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This parameter is a dynamically signalled UE-specific parameter and only used for TM5 CRS based multi-user MIMO. We can consider it as low priority and the signalling is not needed. 
· Scrambling identity and DMRS antenna port 
Scrambling identity and DMRS antenna port are dynamically signalled UE-specific parameters and are only used for DMRS based transmission. The dynamic signallings of these parameters has high signalling overhead, and therefore UE blind detection could be considered as a candidate. Meanwhile, the signalling of restricted sets of scrambling identity and DMRS antenna port may be helpful for improving performance-complexity of blind detection. Especially, these parameters can be informed to UE by higher-layer signallings with network coordination.
Option 1: Higher-layer signalling from serving cell with network coordination. The serving cell and interference cell can be configured to use orthogonal DMRS ports. In this case, UEs doesn’t need to blindly detect DMRS antenna ports and to perform DMRS-IC. 
Option 2: Higher-layer signalling of restricted sets of scrambling identity and DMRS antenna port with coordination to help UE blind detection, the performance-complexity should be evaluated in RAN4. This option is a tradeoff of option 1 and option 3. 
Option 3: UE blind detection without coordination, the performance-complexity should be evaluated in RAN4. The detailed analysis of blind detection performance and complexity can be found in our RAN4 contribution [6]. When serving cell is DMRS-based transmission, DMRS port detection is efficient to detect DMRS based interference and can help advanced receivers achieve performance gain over R.11 IRC receiver; when the serving cell is CRS-based transmission, further verification on the performance of DRMS port detection is needed. From complexity point of view, some network coordination may be necessary to reduce the blind detection complexity.
· 
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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, there would be very high complexity to blindly detect it. Higher-layer signalling with scheduling constraint can be considered. 
Based on the above discussion, there are the following proposals:
Proposal 2: 

· Parameters are predefined with a certain value: CFI/PDSCH start symbol. 
· Parameters may be signalled by higher-layer signalling from serving cell with/without network coordination: PB, PA, transmission mode, resource allocation, scrambling identity and DMRS antenna port, 
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· Parameters may be implicitly signalled from interference cell: Modulation order.
· Parameters may be blindly detected with the performance-complexity evaluation in RAN4: PB, PA, transmission mode, PMI, RI, modulation order, scrambling identity and DMRS antenna port.
UE can obtain the required interference information by several candidate manners, and which one is the proper and optimized method is still open and the study on the trade-off between performance gain, reliability, and signalling/coordination complexity is needed.  It is proposed: 
Proposal 3: 

Further evaluation in RAN4 is necessary to achieve a better trade-off between the feasible signalling methods and acceptable performance-complexity of UE blind detection. 
4 Conclusion
This contribution discusses the network assistance signalling aspect of NAICS receivers, and there are the following proposals:

Proposal 1: 
Higher-layer signalling from serving cell with network coordination and dynamic implicit signalling from interference cell are preferred for interference transmission parameters which need to be signalled; dynamic/higher-layer signalling from interference cell may be excluded for NAICS. 
Proposal 2: 

· Parameters are predefined with a certain value: CFI/PDSCH start symbol. 

· Parameters may be signalled by higher-layer signalling from serving cell with/without network coordination: PB, PA, transmission mode, resource allocation, scrambling identity and DMRS antenna port, 
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· Parameters may be implicitly signalled from interference cell: Modulation order.

· Parameters may be blindly detected with the performance-complexity evaluation in RAN4: PB, PA, transmission mode, PMI, RI, modulation order, scrambling identity and DMRS antenna port.
Proposal 3: 

Further evaluation in RAN4 is necessary to achieve a better trade-off between the feasible signalling methods and acceptable performance-complexity of UE blind detection. 
References

[1] RP-132108, “Study on Network Assisted Interference Cancellation and Suppression for LTE”, MediaTek. 

[2] R1-140061, “Discussion on network coordination for advanced receivers”, Huawei, HiSilicon.

[3] 3GPP TR36.866 v1.1.0, “Network-Assisted Interference Cancellation and Suppression for LTE (Release 12)”.

[4] R1-135333, “Network Coordination/Signalling”, Qualcomm Incorporated.

[5] R1-070088, “Power Boosting of Reference Signal in E-UTRA Downlink”, NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Panasonic, Sharp.
[6] R4-141019, “Blind detection: performance and complexity”, Huawei, HiSilicon.

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
	Case 1: QPSK 1/2 

Case 2: 16QAM 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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