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1. Introduction

At the previous meeting (RAN1 #89), it was agreed as a working assumption that:
· Support at least NZP CSI-RS based interference measurement 

· select at least one of following scheme

· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)

· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

· Aim to conclude whether to support one of them or both in the next RAN1 meeting

· FFS whether or not to support signaling of power boosting for NZP CSI-RS

· Other schemes are not precluded

· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting

· Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)
In last NR Ad-Hoc#2, interference measurement was not discussed due to time limitation. In this contribution, we discuss NZP CSI-RS based interference measurement, mainly focusing on UE emulation methods. For discussions on Scheme-1 and Scheme-2 with TRP emulation methods, refer to [2].
2. UE emulation methods 
In the past meetings, several schemes have been discussed, but agreement has not been reached. To facilitate convergence and agreement, the associated UE behavior, implementation feasibility and complexity, and L1/2 signaling, etc., for each scheme should be clarified first. Actually, the methods of interference emulation, i.e., TRP emulation and UE emulation, have significantly different standard impact, UE behavior and UE assumptions, and performance. For one, UE emulation requires the UE to obtain a precoder, from network signaling or UE estimation based on its channel with the serving TRP or interfering TRP, whereas TRP emulation does not require any of such standard support. The seemingly commonality between TRP emulation and UE emulation is the operation of multiplication of channel and precoder, but this is quite superficial as it is performed at the TRP for the former (transparent to UE and without standard impact) but at the UE for the latter (with certain standard impact). Mixing the very different methods causes confusion and prevents agreements to be reached. Therefore, TRP emulation and UE emulation should be discussed separately.
Observation 1: TRP emulation and UE emulation should be discussed separately.
Next, we focus on UE emulation methods. Based on contributions from different companies, there are at least three different UE emulation methods considered:

· UE emulation based on TRP signaling of precoding matrix
This requires the precoding matrix to be signaled to the UE, and the signaling needs to be standardized. To enable accurate interference estimation, the precoding matrix signaled should be the same as the precoding matrix used for NZP and for PDSCH. 
However, this method seems infeasible for DMRS-based precoding, since the precoding can be arbitrary and is not based on any pre-defined codebook. Even for precoding based on pre-defined codebook, the signaling overhead may also be high. Therefore, UE emulation based on TRP signaling of precoding matrix should not be supported.
· UE emulation based on precoding matrix derived by the UE from the channel to the serving TRP or interfering TRP
This does not require the precoding matrix to be signaled to the UE. The standard impact includes defining UE behavior of calculating the precoding matrix, such as based on the “best companion precoding matrix” concept. 
However, what the UE estimates may not match TRP’s selection of precoding. This is because the UE and TRP have access to different information; the UE may have more information of its own channel(s) which is not fully available to TRP, and TRP has information about multiple UEs and possibly other TRPs which is not available to the UE. As one consequence, it is nearly impossible that the UE can predict inter-cell interference precoding. In addition, it is questionable how UE may estimate or predict MU precoding accurately for potentially a large number of UEs, as the UE has no knowledge of paired UEs and their channel conditions (see, e.g., [3]). Thus, it is suggested not to support UE emulation based on precoding matrix derived by the UE from the channel to the serving TRP or interfering TRP.
· UE isotropic emulation 
A few companies proposed to consider UE isotropic emulation, for which the UE assumes the interference is isotropic, i.e., the precoding matrix at the interferer is an identity matrix, and the UE performs the multiplication of the interference channel matrix and the identity matrix. This does not require the precoding matrix to be signaled to the UE or estimated by the UE. 

However, as the precoding matrix assumed by the UE is an identity matrix, the UE does not need to perform the operation of multiplication of estimated effective channel and precoding matrix. Nevertheless, the obtained interference measurement with isotropic emulation at UE side would not match the actual interference unless TRP transmits the NZP resource based on the actual precoding matrix. Hence, it is questionable that this method belongs to the UE emulation scheme. It may even be categorized in the TRP emulation schemes since nothing prevents the TRP to emulate on the NZP resource and it is beneficial for the TRP to do so.
Observation 2: UE emulation can be based on TRP signaling of precoding matrix. However, it is infeasible for DMRS-based transmission using possibly arbitrary precoding matrix.

Observation 3: UE emulation can be based on precoding matrices derived by the UE. However, those precoding matrices may not match TRP selection of precoding matrices, and cannot be derived for MU with many layers.
Observation 4: UE isotropic emulation should be categorized in TRP emulation methods.

We’d like to point out some key problems with the UE emulation methods below, in addition to those stated above.
· Extraction of interference channel matrix for UE emulation is not always applicable/feasible
The UE emulation requires the UE to obtain the interference channel matrix and then perform multiplication. This may not be applicable or feasible to some UE implementations and for some scenarios with interference not strong enough.

Roughly speaking, at least advanced receivers and “regular” receivers will exist in NR. The advanced receiver is capable of estimating the interference channel matrix and utilizing the matrix in its interference rejection algorithm. Other receivers, however, would not be capable of doing so, and only the interference covariance or interference power can be obtained and utilized. Therefore, the UEs without the advanced capability will not be able to perform UE emulation.
Additionally, in some scenarios, an interference link may not be strong enough for channel estimation of sufficient accuracy, though the interference is not negligible. One example of such is some MU precoding is chosen such that the resulting MU interference is weak. The UE emulation methods then cannot be used in such scenarios. 
Moreover, for MU pairing of up to 12 layers, it seems impractical for the UE to extract all MU interference channel matrices.

To summarize, the UE emulation methods require the estimation of the interference channel matrix and is not usable at least for some receivers or in some scenarios. When the interference channel matrix cannot be obtained with sufficient accuracy, the UE emulation methods have to fall back to other methods/schemes, and therefore, cannot be sufficient by itself. 
· Multiplication operation may not be always applicable/meaningful

For example, NR may consider nonlinear precoding. It does not make sense to perform the multiplication if a nonlinear precoder is used. Further study has to be done to better understand how UE emulation may be performed for more advanced transmission/reception schemes. 
To summarize, we have the following proposal:

Proposal: Do not support UE emulation for interference measurement on NZP CSI-RS.
3. Conclusions
In this contribution, we have the following observations and proposal: 
Observation 1: TRP emulation and UE emulation should be discussed separately.

Observation 2: UE emulation can be based on TRP signaling of precoding matrix. However, it is infeasible for DMRS-based transmission using possibly arbitrary precoding matrix.

Observation 3: UE emulation can be based on precoding matrices derived by the UE. However, those precoding matrices may not match TRP selection of precoding matrices, and cannot be derived for MU with many layers.

Observation 4: UE isotropic emulation should be categorized in TRP emulation methods.

Proposal: Do not support UE emulation for interference measurement on NZP CSI-RS.
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