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1 Introduction

One of the RAN1 tasks in the NAICS SI is to [1]:
· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

In this contribution, we continue the discussion of assistance signalling and include some results on the trade-off between the signalling and UE based estimation. In addition, the CSI reporting and possible enhancements are discussed.
2 Assistance signalling
In the previous RAN1 meeting the following was agreed [2]:
· Compared to requiring NAICS receivers to detect all interference parameters,  some network signalling/coordination can be beneficial for reducing receiver complexity and/or improve performance with increased robustness under intra-cell and inter-cell interference scenario
· The transmission parameters that can be considered for signalling and that for receiver detection are FFS
· Note that assistance signalling can be different from transmission parameters

· Some transmission parameters may be detected or corresponding signalling of those parameters may be introduced
· Such assistance signalling may use higher layers regardless of whether the associated transmission parameter is higher-layer configured or dynamic
· Some dynamic assistance signalling can be considered if sufficient system-level gain is shown, and some dynamic parameters may be coordinated, but with scheduling constraint, or detected or signalled or a combination of the three
· Other deployment related parameters may be coordinated or detected.
· Semi-static coordination signalling or coordination is suited for non-ideal backhaul 
· Dynamic coordination may be feasible only under ideal backhaul
· Other potential PHY impact needs further study (e.g., CSI feedback)
As already discussed in [3] the fast physical layer signalling of NAICS detection related parameters provides good detection performance and possibly flexible system scheduling at the expense of increased signaling load and backhaul requirements. On the other hand, using higher layer configurations of parameters could reduce the physical layer signalling but limits the scheduling freedom of the system. The third approach is to let the UE to detect the NAICS related parameters. 
Considering that the modulation order, number of layers and possibly PMI would be among the most dynamically changing parameters, these would be among the favourite candidates for UE detection rather than signalling. Simulations, as depicted in Figure 1 REF _Ref378084383 \h 
, were conducted in order to study the impact of UE based parameter estimation using following assumptions:
· The 5~25%-tile geometry factor region is investigate at the 80th percentile dominant interferer power (DIP) ratio levels for I1/Noc and I2/Noc as defined for the NAICS scenario 1 in [1].

· Interfering cell transmits a subframe on 50 % probability. Decision is made for each subframe independently.
· The MCS distribution follows the agreed phase II distribution table where probability of rank 2 transmission is roughly 55 % [1]. Decision is made for each subframe independently meaning that no FTP model is used for simplicity.
· EPA channel profile is used.

· Serving cell schedules full band 16QAM ½-rate transmission. There is no link adaptation.

· One dominant interfering cell is to be detected by the R-ML algorithm and cell is selected based on the path loss.

· TM10 is used in all cells and the transmission mode of both cells is known by the UE. Mutually orthogonal DM-RS between the serving and the interfering cell is allocated if R-ML receiver is simulated possibly leading to optimistic channel estimation performance compared to iterative channel estimation.
The Figure 1 contains baseline IRC performance curve and R-ML performance curve assuming that the required interfering cell information is signalled. In the third simulated case, the active antenna ports and modulation order are estimated by the UE. In these simulations we make an important assumption that the transmission mode is known to the UE as well as the maximum number of active antenna ports. Hence, only the active DM-RS reference signals are searched. The UE estimates the activity of antenna ports and modulation order on the interfering cell and the estimation is performed for each PRB independently. As can be seen, there is around 1 dB performance degradation due to estimation of active antenna ports and modulation order. Further degradation of performance is expected if UE should further estimate the transmission modes. If the transmission mode is not known, UE is required to evaluate whether to use CRS or DM-RS for channel estimation. Further complexity is expected from deciding whether some PMI should be applied on the CRS estimates or not.
Observation 1: In the simulated conditions approximately 1 dB performance degradation is observed due to estimation of active antenna ports and modulation order.

Observation 2: Further degradation of performance is expected if UE should further estimate the transmission modes and decide whether demodulation is based on CRS or DM-RS signal in addition to possible PMI estimation.
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Figure 1. Performance of R-ML receiver with and without signalling of AP and modulation order.

The simulated case represents conditions where very strong interferer exists. Hence, the NAICS gain is relatively large but there is a clear performance tradeoff between the parameter signalling and estimation cases even though only antenna ports and modulation order are estimated for interfering transmission mode 10 that is assumed by the UE. It could be expected that for example precoded CRS based transmission modes are more challenging to handle since the applied PMI would need to be estimated. The set of candidate PMIs is relatively large for 4-tx transmission. It should be noted that the more challenging the estimation of certain parameters is for a UE the more performance loss is likely expected compared to the signalling option. Hence, the DM-RS based transmission modes as simulated here most likely lead smaller loss than precoded CRS based schemes. On the other hand, PRB wise parameter estimation does not restrict frequency domain scheduling which could compensate some of the loss considering system level performance if limited physical layer signalling is considered where e.g. modulation order would need to be more strictly coordinated in frequency domain allocations. Hence, further discussion and study may still be needed whether signalling savings are justified by the performance degradation but it seems that only a few parameters if any should be based on UE estimation in order to limit performance degradation and to limit UE complexity.
To summarize, it would be best that the transmission mode in the interfering cell is known by the UE. From transmission mode coordination perspective, there could be some benefits if the transmission modes are similar. In other words, if both cells would use for example transmission mode based on DM-RS (TM9/TM10), there could be some benefit for example for iterative channel estimation. In this case, iteration of channel estimates would cover DM-RS REs rather than mix of PDSCH and DM-RS REs. 
Observation 4: Knowing the TM of the interfering cell is a prerequisite for efficient receiver processing.
Observation 5: It is beneficial but not necessary that the TMs in NAICS transmission are aligned based on whether it is DM-RS or CRS based TM.
Proposal: UE should know the TM of the interfering transmission.
Proposal: Only a few parameters (i.e. Modulation order) if any should be based on UE estimation in order to limit performance degradation and to limit UE complexity. 
3 CSI reporting
The CSI feedback should reflect the UE performance in the channel conditions and in the NAICS case the CSI feedback should also reflect the UEs interference mitigation gain in order to achieve good system performance. However, the structure of the interfering transmission may have impact on the CQI values that should be reported but the interfering cell transmission is not targeted to be controlled by the CQI report. Hence, one approach is that the CQI report just adapts to the mainstream interference conditions. 
Considering the linear interference suppression receiver assumed as a baseline for the Type A enhanced receiver, the receiver performance mainly depends on the covariance of the interference which should not change too fast excluding the possible impact of precoding and scheduling. Hence, one CQI report has been considered sufficient. On the other hand, multiple CSI reports have been defined for CoMP in order to better evaluate the coordination impact of transmissions.
The performance of the more advanced non-linear receivers in NAICS like the R-ML depends at least on the modulation order and number of layers in the interfering cell. Hence, the performance may be different depending whether QPSK or 64QAM is scheduled in the interfering cell. It could be beneficial to investigate the potential of using multiple CSI reports extended from CoMP framework in order to achieve more information for scheduling and coordination.

As an example, two new CSI reporting methods extended from CoMP are studied in the following simulations:
· 1 CSI report: UE reports periodically one CSI report. 

· UE is configured with 1 CSI-RS from serving and 1 CSI-RS from interfering cell
· UE will emulate the impact of the interference assumed from the interfering cell by using channel estimate from interfering cell
· 1 IMR resource to measure interference outside the serving and coordinated cell.
· 2 CSI reports: 

· UE reports periodically two CSI reports. 

· Report 1: assumes that one QPSK layer is scheduled in the interfering cell

· Report 2: assumes that one 64QAM layer is scheduled in the interfering cell

· UE is configured with 1 CSI-RS from serving and 1 CSI-RS from interfering cell
· UE will emulate the impact of the interference assumed from the interfering cell by using channel estimate from interfering cell but conditioned on assumed modulation and number of layers. 

· 1 IMR resource to measure interference outside the serving and coordinated cell.
Simulations in the following figures use the same scenario as in the previous section except that the interfering cell transmits a subframe using either QPSK modulation or 64QAM with equal probability. It can be seen from Figure 2 that use of 2 CSI reports widens the CQI distribution. If single CQI report is calculated UE needs to target into average performance conditioned on the distribution of MCSs in the interfering cell. The two different reports may more specifically target the hypothesis on the interference. The achieved packet error rate without outer loop link adaptation is shown in Figure 3. Both schemes achieve similar overall average error rate but when looking the error rates during the subframes where only the QPSK or 64QAM has been scheduled, the differences can be observed. Larger drift from the average error rate is observed if only 1 report is used. 
It could be considered further if CoMP style reporting of a few CQI reports is beneficial. In order to maintain reasonable reporting latency and UE complexity only a few reports should be required. The network could configure the limited set of key assumptions on the interference structure used in generating the reports. In other words, the UE could have the pre-defined parameters or behaviours (e.g. modulation order and number of layers in the interfering cell). These could be the same both in the CSI reporting phase and in the actual data scheduling and transmission phase. In CQI calculation perspective these are hypothesis on interference structure but in downlink data transmission perspective these would represent the scheduled interference structure. This approach could also lead to compressed downlink assistance signalling since network could just signal which configuration is used in the data transmission.
Proposal: Consider extension from COMP CSI reporting as an option for NAICS CSI reporting scheme.
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Figure 2. Histogram of CQI reports at geometry factor equal to 0 dB.
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Figure 3. Achieved packet error rate .

4 Conclusion

In this contribution we have investigated the performance trade-off between signalling and UE estimation of assistance information. It seems that UE estimation of even modulation order and active antenna ports may have impact to the performance even though the transmission mode is known. Following observations were made:

Observation 1: In the simulated conditions approximately 1 dB performance degradation is observed due to estimation of active antenna ports and modulation order.

Observation 2: Further degradation of performance is expected if UE should further estimate the transmission modes and decide whether demodulation is based on CRS or DM-RS signal in addition to possible PMI estimation.
Observation 4: Knowing the TM of the interfering cell is a prerequisite for efficient receiver processing.

Observation 5: It is beneficial but not necessary that the TMs in NAICS transmission are aligned based on whether it is DM-RS or CRS based TM.
Leading to following proposals:

Proposal: UE should know the TM of the interfering transmission.

Proposal: Only a few parameters (i.e. Modulation order) if any should be based on UE estimation in order to limit performance degradation and to limit UE complexity. 
The CSI reporting extended from CoMP was also studied and it seems that extended CQI signalling could be beneficial. Pre-defined configuration of some key parameters like modulation order and number of layers in the interfering cell could be exploited in order to improve the CQI awareness in terms of potential coordination gain.
Proposal: Consider extension from COMP CSI reporting as an option for NAICS CSI reporting scheme.
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