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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 coordination/assistance signalling and the system performance impact from scheduling constraint.
In the companion contribution [2], the signalling method for each interference transmission parameter is discussed and the transmission parameters which could be signaled by higher layer signalling from serving cell are summarized below:

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

· Parameters may be signalled in higher-layer with/without network coordination: PB, PA, transmission mode, resource allocation, scrambling identity and DMRS antenna port, 
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For some interference transmission parameters, the higher layer signalling from serving cell is related to the network coordination between the serving cell and interference cells. In this contribution, the related network coordination aspect of NAICS is discussed. 
2 Discussion on the network coordination 
The performance impact of scheduling constraint may be large if the network coordination is considered for the whole network deployment. To reduce the impact of network coordination, it may only use part of time-frequency resources for NAICS scheduling other than all the resources. A simple example is illustrated in Figure 1, where only two sub-frames in one radio frame are assigned for network coordination to facilitate the NAICS. 
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Figure 1 One example of scheduling for NAICS

2.1 Transmission mode 
PMI, RI and modulation order are dynamically signalled per the current specifications and should also be dynamically signalled as the interference information for NAICS receivers. However, it is difficult for the serving/interference cells to dynamically signal these interference transmission parameters due to the high signalling overhead and backhaul requirement. 

On the other hand, the blind detection of PMI may have very high implementation complexity due to a large number of possible PMI candidates and the PMI blind detection might be unreliable in some cases based on the description in [3]. 

Hence, it is better to consider transmission modes without PMI/RI signalling involved, e.g., TM2, or DMRS based TM8, TM9, and TM10. Compared to TM8 and TM9, the additional PQI information is needed for TM10 in case of QCL type B in order to achieve timing and frequency synchronization of interference signal, which will significantly increase the receiver complexity. To facilitate the interference mitigation for advance receivers, it is preferred to only consider TM2 and TM9 for NAICS.
2.2 PA 
PA is a higher-layer configured UE-specific parameter and is required for CRS based transmission mode. The initial motivation to have variable PA is to do CRS power boosting operation, which can effectively increase the coverage in rural areas [4]. As the main scenarios for advanced receivers are urban areas where UE may observe severe interference, it seems that multiple PAs are not needed. Hence, it is possible for network to define one typical PA value, or schedule the users with the same PA value on the same coordination resource, so that UE may assume the same PA value on coordinated resource which facilitates the receiver detection.
2.3 Resource allocation
For TM9, both type 0 or type 1 resource allocation can be used. If type 1 resource allocation is used, the dynamic scheduling parameters e.g., scrambling identity and DMRS port, should be indicated or detected per PRB; if type 0 resource allocation is used, the dynamic scheduling parameters could be indicated or detected per RBG, which will reduce the signalling overhead and blind detection complexity. For DMRS based transmission, type 0 resource allocation is also beneficial to PRB bundling, which can improve the channel estimation for the interference signals. Type 0 resource allocation is preferred for NAICS.
2.4 Scrambling identity and DMRS antenna port
Scrambling identity nSCID and DMRS antenna port are signalled by joint coding in TM9. From UE perspective, it is beneficial to know the coordinated configuration of DMRS from the interference cells. The DMRS configuration may contain a same scrambling identity nSCID and the mapping between the DMRS antenna ports for transmission and its associated cell identity (e.g. Physical Cell ID). It will enable the DMRS signal transmitted from the serving cell and interference cells to be orthogonal and free of PDSCH interference. An example is given in Table 1.
Table 1 One example of coordinated DMRS configuration
	PCID
	0
	1
	2
	3

	DMRS transmission antenna port for one-layer PDSCH
	7
	8
	11
	13

	DMRS transmission antenna ports for two-layer PDSCH
	7,9
	8,10
	11,12
	13,14


Based on the discussion, there are the following proposals:
Proposal 1: UE receiver detection may be facilitated by network coordination from neighboring cells, which include:
· UE with advanced receiver capability may assume that the transmission mode of interference cells is TM2 or TM9.

· UE may assume that the value of PA of interference signal on coordinated resource is same for TM2.

· UE may assume that resource allocation type 0 is used in the interference cells and PRB bundling is applied on the coordinated resource for TM9.
· UE may assume the coordinated DMRS port configuration is used in the interference cells.
3 Open issues
In this section, some open issues for NAICS are discussed. 
3.1 Analysis of CWIC receiver 
Our discussion focuses on the interference parameters which can enable interferer cancellation at symbol level. If CWIC is assumed as the interested receiver, additional interference knowledge that can enable codeword demodulation and decoding is needed. Specifically, nRNTI, RV, ZP CSI-RS resource, number of CRS APs, NZP CSI-RS resource, most of which are dynamically signalled UE-specific parameters, should be indicated to UEs. This will need extra network coordination and signalling and whether it is worthy or not to consider it needs further study.
3.2 Interference identification
When study the advanced receivers, one issue of UE implementation is how to determine the strongest interference to be eliminated. From UE side, the strongest interference can be identified by measuring CRS RSRP for full-buffer traffic case. However, for non-full buffer traffic case, the interference cell with strongest CRS RSRP may not schedule PDSCH transmission, so UE may need to blindly detect a set of interference cells and determine which one or two interference signals should be eliminated. This operation increases detection complexity and the detection performance is unreliable. How UE determines the interference signals to be eliminated needs further study. 
3.3 Timing synchronization of interference cell
Another issue is that UE may observe different timing offsets from serving cell and interference cells, as shown in Figure 2. To perform the interference PDSCH cancellation, UE needs to track the timing of the interference cells. Normally, it can be achieved by detecting CRS from interference cells. However, if serving cell and interference cells share the same cell ID, e.g., CoMP scenario 4, additional information for achieving timing synchronization is required for advanced receivers. Whether UE can obtain the knowledge or not needs further study. Even if UE can obtain any information for synchronization, the receiver complexity and the performance impact of imperfect timing and frequency synchronization should be evaluated.
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Figure 2: An example of timing synchronization
3.4 Evaluation methodology of impairment modelling 
According to the status report for RAN #62 [1],

· System level results are still limited, especially in terms of 
· Performance after taking into account assistance signalling overhead and after considering backhaul latency of more than 2 msec in inter-cell NAICS in scenarios 1 and 2a 

· Performance under imperfect CRS interference cancellation and imperfect blind detection of interference parameters

In addition, network coordination with scheduling constraints, imperfect blind detection of interference parameters, and imperfect timing and frequency synchronization should be taken into account in the further evaluation.
To align the simulation results, it is necessary to study/agree on the evaluation methodology of impairment modelling and further evaluate the system gain for NAICS receivers in SI stage.

Based on the discussion, we have the following proposal:
Proposal 2: Further study and achieve agreements on the following open issues are needed in SI stage:
· Study on the necessity and feasibility of network coordination/signalling for CWIC. 

· Study on how UE determines the interference signals to be eliminated.
· Study and evaluate on the impact of UE timing synchronization of interference cells.
· Study/agree on the evaluation methodology of impairment modelling in order to align the simulation results. 
4 Conclusion
In this contribution, the network coordination aspect of NAICS is discussed. Based on the discussion, the following proposals:
Proposal 1: UE receiver detection may be facilitated by network coordination from neighboring cells, which include:
· UE with advanced receiver capability may assume that the transmission mode of interference cells is TM2 or TM9.

· UE may assume that the value of PA of interference signal on coordinated resource is same for TM2.

· UE may assume that resource allocation type 0 is used in the interference cells and PRB bundling is applied on the coordinated resource for TM9.
· UE may assume the coordinated DMRS port configuration is used in the interference cells.
Proposal 2: Further study and achieve agreements on the following open issues are needed in SI stage:
· Study on necessity and feasibility of network coordination/signalling for CWIC.

· Study on how UE determines the interference signals to be eliminated.
· Study and evaluate on the impact of UE timing synchronization of interference cells.
· Study/agree on the evaluation methodology of impairment modelling in order to align the simulation results. 
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