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1. Introduction

In RAN4 #68, Phase 1&2 link evaluation was mainly discussed. According to LS from RAN4 [1], Phase 1 results showed that nonlinear receivers such as ML/R-ML, SL-IC, and CW-IC can provide significant performance gain over baseline LMMSE-IRC in some cases. Also, a few companies proposed their system modeling methodologies for SL-IC, R-ML and CW-IC receivers in [3], [4], and [5] respectively.

In this contribution, we discuss a few consideration points on the system level modeling methodology for SL-IC when a UE conducts blind detection.
2. System level modeling methodology
2.1 The priority of receiver types for system level simulation
From the e-mail discussion after RAN4 #68, a preference of receiver types was discussed for the purpose of developing system level modeling methodologies. In consideration of simulation burden and limited network coordination due to backhaul latency depending on NAICS scenarios, symbol-level ML/IC receiver types can be prioritized rather than codeword ML/IC receiver types. Hence, 3 most preferred receiver types from RAN4 e-mail discussion, R-ML, E-LMMSE-IRC, and SL-IC receivers, are preferred for further system level simulation (SLS) in RAN1 study.
Proposal 1: In system level simulation, R-ML, E-LMMSE-IRC, and SL-IC receivers should be evaluated with priority.

2.2 The limitation of network coordination and signaling and the need of blind detection
According to agreements on the evaluation assumptions and scenarios in RAN1 #72bis [2], information exchange can be restricted by backhaul assumptions for some cases. For example, in NAICS scenario 1 and 2a, all inter-site coordination is subject to the non-ideal backhaul latency, which means that interferer parameters to be shared with a NAICS receiver should be determined as much earlier as at least backhaul latency. Obviously, it results in scheduling restriction on interfering cells.
Hence, blind detections may need to be conducted by a NAICS receiver for some interferer parameters and we need to consider the impact of blind detection in system level modeling methodology carefully. Also, to determine which parameters are appropriate for blind detection, it is crucial to compare the performance of a NAICS receiver when the parameters are provided by network coordination/signaling and when the UE conducts blind detection without network coordination/signaling. For interferer parameters signaled to the UE, the impact of scheduling restriction due to backhaul latency should be reflected properly in SLS. 

Proposal 2: System level modeling methodology should take into account the impact of blind detection for some interferer parameters.

2.3 System level modeling methodology assuming blind detection
In this section, we consider system level modeling methodology for SL-IC and a suitable methodology for R-ML needs to be further studied.
The type of interferer parameters for NAICS receivers can be categorized into two groups depending on whether interferer parameters should be provided to the UE or can be detected blindly by the UE. Here, we give an example of the two groups and further study may be needed to categorize the parameters, more elaborately.
The first group consists of the following parameters obtained by network coordination and signaling. 
· Starting symbol of PDSCH

· CRS antenna ports, physical cell ID, CRS shift, MBSFN subframe pattern
· PRB bundling information

· Rate matching information (CSI-RS, ZP CSI-RS, etc)
· CRS to PDSCH power ratio

· Additionally, virtual cell ID for DMRS and QCL information can be given in case of transmission mode (TM) 10. 

On the other hand, the second group consists of the following parameters obtained by blind detections.
· Interferer’s PDSCH allocation
· TM

· Modulation order
· TPMI/codebook restriction

· nSCID

· DM-RS antenna ports

The interfering eNB transmits its PDSCH with using specific values for the parameters in the second group, which is unknown at the UE side. Here, we assume the interfering eNB has 2Tx antennas and can transmit data in one of TM4, TM9, and TM2 with a single layer restriction. For example, if the interfering eNB transmits data in TM4, it selects one of 3 modulation orders and one of 4 PMIs. Similarly, when transmitting in TM9, it uses one of 3 modulation orders, one of 2 nSCID, and one of two antenna ports. In this way, we can define 26 actual transmission states of the interfering eNB in terms of parameters in the second group as follows:
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UE performs joint blind detections for the above 26 states without aware of an actual transmission state. Details on joint blind detection algorithms depend on UE implementation but in general UE may take the following steps. Firstly, the UE assumes there is interferer’s PDSCH and tries to find out what TM is configured for the PDSCH. When assuming TM4, the UE conducts blind detection for possible modulation orders and TPMIs after estimating channel from CRS. Similarly, when assuming TM9, the UE conducts blind detection for nSCID and antenna port in order to estimate channel from DMRS and for modulation orders. 
One of possible ways to reflect the impact of blind detections on SLS instantaneously is to use a transition matrix 
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 is the state transition probability from the actual transmission state 
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 to state 
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blindly detected at the UE. Note that the value of 
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 can be obtained by link level simulations. In the above example, we have a 26 by 26 transition matrix and it will be used in SLS. 

Furthermore, to reflect the effect of interference cancellation/suppression in SLS, the interference cancellation/suppression quality factor can be defined as 
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and, for each state transition corresponding to 
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  also can be obtained by link level simulations, which will be used in SLS. If a state transition is determined from i to j according to the state transition probability, then signal-to-interference-plus-noise ratio (SINR) can be abstracted by using the corresponding mean value of 
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where S, I, Noc are desired signal power, interference power from dominant interfering eNB, and other cell’s interference plus noise power. Alternatively, instead of using the mean value of 
[image: image12.wmf]j

i

,

a

, the probability density function (PDF) of 
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 can be derived by link level simulations and a random variable can be instantaneously generated by using the PDF when state transition from i to j occurs.

Although we describe a simple example as above, our system level modeling can be extended to a more complicated case such as multiple interferers, interference with multiple layer transmissions, more TM candidates such as TM10, etc. 
Proposal 3: As one of possible ways to reflect the impact of blind detection for some interference parameters in system level modeling methodology, transition matrix, transition probability, and interference cancellation/suppression quality factor can be considered. 

3. Conclusion
In this contribution, we discuss the priority of receiver types for system level simulation, the limitation of network coordination and signaling and the need of blind detection, and system level modeling methodology assuming blind detection and make the following proposals:
Proposal 1: In system level simulation, R-ML, E-LMMSE-IRC, and SL-IC receivers should be evaluated with priority.

Proposal 2: System level modeling methodology should take into account the impact of blind detection for some interferer parameters.

Proposal 3: As one of possible ways to reflect the impact of blind detection for some interference parameters in system level modeling methodology, transition matrix, transition probability, and interference cancellation/suppression quality factor can be considered. 
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