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1 Introduction

The WI on NAICS [2] was approved in [1] containing following objectives:
· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters. 
· (RAN1) Starting from the candidate parameters identified for higher-layer signalling in the study item conclusion in RAN1 and any subset restriction under which RAN4 identifies that some parameter combinations could be blindly detected jointly, RAN1 will decide on the final higher-layer signalled parameters, including any subset restriction, taking into account:
In this contribution, we discuss possible limitations, subset restriction and signalling on some of the parameter candidates agreed in SI phase. Simulation results on DM-RS antenna port and modulation order detection are also shown.
2 Discussion
The NAICS WID provides list of parameters for further study [2]:
· As a starting point, parameters are those identified in the study item phase as desirable for blind detection, namely: 
· Presence or absence of interference 

· Transmission modes (TM)
· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern

· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)

As already discussed in [3], the fast physical layer signalling of NAICS detection related parameters provides good detection performance 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. Intermediate step is to define more restricted subsets of parameters for UE detection and these subsets would be higher layer signaled. 
It could be expected that for example precoded CRS based transmission modes are more challenging to handle than DM-RS based transmission modes since the applied PMI and RS to data power ratio would need to be estimated, whereas in the DM-RS based TMs the precoding is directly visible in the channel estimate. The set of candidate PMIs in the CRS based TMs is relatively large for 4-tx transmission and full rank precoding matrices are not distinguishable from e.g. statistics of the received signal. Hence, subset restriction on the PMIs or at least knowledge on expected number of layers could be beneficial. It is also known that NAICS gain is limited if large number of layers are scheduled from the interfering cell. Therefore, concentrating on processing cases where small amount of layers exist could be beneficial. It should be noted that the more challenging the estimation of certain parameters is for a UE the more performance loss is likely to be expected compared to the signalling option. Hence, blind detection of certain parameters for the DM-RS based transmission modes 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 seen at link level compared to signaling schemes. 

Hence, it seems to be a prerequisite for blind detection that does not deteriorate performance 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 1: Knowing the TM of the interfering cell helps to prevent excessive blind search and thus excessive performance degradation due to blind detection.

Observation 2: 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 1: UE should know the TM of the interfering transmission. 
Proposal 2: For CRS based TMs UE should not be expected to search interfering signal over large amount of layers.
The FDM-CDM nature of the DM-RS antenna ports also may have impact on how good performance is achieved by UE active antenna port detection. REs of the inactive antenna ports are not occupied by any other data symbols if only antenna ports 7 and 8 are considered since they are code multiplexed together. The further detection of antenna ports 9 and 10 would be more difficult if they are inactive and filled with PDSCH data of antenna ports 7 and 8 instead of not just being code multiplexed into the transmitted signal. Furthermore, handling of larger number of layers is not expected to increase NAICS receiver gain anyway and assumption on UE searching on antenna port numbers corresponding to large number of layers could be excluded. Preferably the specification could limit to assuming processing on antenna ports 7 and 8 only. Alternatively, one could at least consider that higher layer signalling of subset restriction on active DM-RS antenna ports could be defined. 

Proposal 3: For DM-RS based TMs UE should not be expected to search interfering signal over large amount antenna ports.
There are miscellaneous parameters like Virtual cell ID, ρA including defining a value for QPSK MCS which has large range of values and subset restriction is essential for efficient UE operation. Only one or few possible candidate values should be left for UE estimation. 

Proposal 4: Parameters having large ranges such as Virtual cell ID, ρA including defining a value for QPSK MCS should be subset restricted to one or few values
In principle, Cell ID can be either signalled by eNB or obtained by UE based on the autonomous cell search. However,   it should be noted that there could be a high risk on the advanced receiver performance if relying on the autonomous cell search for cell ID acquisition, because the current intra-frequency cell search requirement can allow up to 800ms cell detection delay and 10% cell detection error rate. So the accurate and timely Cell ID information for the advanced receiver operation can’t be guaranteed by the function of autonomous cell search
For CRS ports, it is a static and cell specific parameter. The accurate information on the number of CRS ports is critical for the estimation of the other parameters, e.g., presence of interference, PMI/RI, etc. So there is no need to take any risk with blind estimation for minor saving on the signalling. 
For MBSFN pattern, it is also a static and cell specific parameter. The blind estimation of MBSFN pattern can be risky if the UE has to also blindly detect the presence of interference and/or TM10 with MBSFN subframe. In this case, more combinations on these parameters may be more challenging for UE to achieve the accurate blind estimation. Thus, it is reasonable to restrict the combinations by indicating MBSFN pattern via signalling.

Actually, the existing signaling can already support the indication of Cell ID, the number of CRS ports and MBSFN pattern, which has been already used for supporting FeICIC and CoMP features. Therefore, it is sensible to indicate these semi-static parameters via signaling with the minor signaling overhead and low risk on the performance.
Proposal 5: Parameters such as Cell ID, CRS ports and MBSFN pattern for the interferers can be signalled by the serving eNB. 
3 Simulations

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 and Figure 2, 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 50th and 80th percentile dominant interferer power (DIP) ratio levels for I1/Noc and I2/Noc as defined for the NAICS scenario 1 in [4].

· 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 % [4]. 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. Iterative channel estimation is performed between the cells.
The Figure 1 contains baseline IRC performance curve and R-ML performance curve assuming that the required interfering cell information is known by the UE. The DIP profile is assumed to be the 80th percentile one. In the third simulated case, the modulation order is estimated by the UE. In the fourth case both modulation order and active antenna ports are estimated. 
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, the active DM-RS reference signals are searched from a subset of antenna ports 7 and 8. As the maximum number of layers equals two in these simulations, the results show upper bound of performance. 
The estimation of the modulation order and possibly the activity of antenna ports on the interfering cell is performed for each PRB independently. As can be seen, there is around 1 dB performance degradation due to estimation of the modulation order. On the other hand, estimation of active antenna port is reliable and does not cause further degradation but this conclusion applies only with the assumptions made in the simulation that the maximum number of antenna ports is two and known to UE and that the transmission mode is also known to UE 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. 
The Figure 2 depicts same simulations but now the DIP profile equals the 50th percentile one. It can be observed that the advanced receiver gains are significantly reduced but also the estimation losses are reduced due to the lower DIP. One should note that the operation range of roughly 10 % packet error rate is achieved at geometry factor of 2 dB.
Observation 3: In the simulated conditions up to 1 dB performance degradation is observed due to estimation of active antenna ports and modulation order.
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Figure 1. Performance of R-ML receiver with and without signalling of AP and modulation order at 80th percentile DIP.
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Figure 2. Performance of R-ML receiver with and without signalling of AP and modulation order at 50th percentile DIP.
The simulated case represents conditions where very strong interferer exists which is a favourable condition for NAICS and blind detection. 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 TM10 that is assumed known by the UE. 
4 Conclusion

In this contribution we have discussed on restriction and possible signalling of different candidate parameters with following observations:

Observation 1: Knowing the TM of the interfering cell helps to prevent excessive blind search and thus excessive performance degradation due to blind detection.
Observation 2: 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 1: UE should know the TM of the interfering transmission. 

Proposal 2: For CRS based TMs UE should not be expected to search interfering signal over large amount of layers.
Proposal 3: For DM-RS based TMs UE should not be expected to search interfering signal over large amount antenna ports.
Proposal 4: Parameters having large ranges such as Virtual cell ID, ρA including defining a value for QPSK MCS should be subset restricted to one or few values
Proposal 5: Parameters such as Cell ID, CRS ports and MBSFN pattern for the interferers can be signalled by the serving eNB. 

The simulations on performing antenna port and modulation order detection lead to following observation:

Observation 3: In the simulated conditions up to 1 dB performance degradation is observed due to estimation of active antenna ports and modulation order.
But further study is still needed on cumulative impact of CRS and DM-RS based transmission mode processing.
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