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Introduction
ZP-CSI-RS based IMR has been agreed for NR. It was discussed whether additional interference measurement mechanisms should be supported, where the following working assumptions were made in RAN1#89:
Working assumption:
· 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 this contribution we present further considerations on NZP-CSI-RS based IMR. This is a resubmission of R1-1712371.
Discussion
Overview of LTE IMR
Interference measurement for LTE TM 1-9 is based on CRS by subtracting the serving cell CRS from the total received signal on the CRS REs. The estimated interference is supposed to reflect only inter-cell interference, hence it is tailored toward SU-MIMO. If used for MU-MIMO, CSI needs to be further processed by properly estimating/predicting potential interference from MU-MIMO pairing. This often creates large CQI prediction error and system performance loss.
CRS across different cells are shifted in the frequency domain to provided interference randomness. Due to limited values of CRS shifts, interference estimated on the serving cell CRS may still arise from neighbor cell CRS. It is generally assumed that network planning will coordinate the cell IDs such that CRS of neighbor cells creating strong interference are non-colliding, so the measured interference comes from PDSCH. However if non-colliding CRS among neighbor cells is not always possible (e.g., dense small cell deployment), severe interference over-estimation still persists. The issue is more severe in low-load scenarios with bursty traffic. 
To address this issue LTE introduced dedicated interference measurement resource (IMR) based on ZP CSI-RS. As there are more IMR resources than CRS frequency shifts, cell planning becomes more flexible, and the estimated interference is more accurate. Moreover, complexity for interference measurement is low, by simply measuring the signal on the IMR. 
Scheme 1 
In principle, scheme 1 is similar to CRS-based interference estimation, except using different REs. They share the same advantages and disadvantages:
· UE complexity: UE needs to perform channel estimate first, then subtract the serving cell CSI-RS. This is more complicated than ZP-CSI-RS. 
· Estimate accuracy: Interference accuracy depends on NZP CSI-RS estimation accuracy. When NZP-CSI-RS SINR deteriorates (e.g. cell edge), interference estimation accuracy degrades. 
· Interference overestimate: As NZP CSI-RS is always ON (at least for periodic CSI-RS), interference over-estimate is a problem, similar to CRS.
Given the above, benefits of supporting scheme 1 are not clear. 
Conclusion:
· Benefits of scheme 1is unclear, while it suffers the same problem as CRS-based interference estimation. 
Scheme 2
Interference is emulated on NZP-CSI-RS resource which is represented by multiplied value of channel and precoding matrices. Interference emulation can be done at the TRP, or the UE. 
· Interference emulation at TRP
gNB transmits L>1 NZP-CSI-RS resources for interference emulation. On each NZP-CSI-RS, dummy signal is transmitted where it presents the multiplication of non-precoded NZP-CSI-RS symbols and hypothetical interfering PMI. Each NZP-CSI-RS emulates an interfering PMI. The dummy signal (intra-cell interference) is then added to inter-cell interference (measured on ZP-CSI-RS).
A clear disadvantage of TRP-based emulation is CSI-RS overhead. The total number of NZP-CSI-RS (L) scales linearly with the number of interference PMI (L) to be emulated. Furthermore, gNB-side interference emulation already can be supported by ZP-CSI-RS. 
· Interference emulation at UE
If performed at UE, L=1 NZP-CSI-RS is configured for interference emulation, which estimates intra-cell channel H. Multiplication with candidate interference PMI V is done at the UE. Emulated intra-cell interference HV is then added to the inter-cell interference. If there are multiple potential interfering layers (e.g., from multiple UEs), the candidate PMI V may have rank greater than 1. Another approach is to indicate UE covariance matrix R of  potential interference which incorporates not only interference direction but also amplitude of the interference.
If the UE has K interference PMI to be emulated, the UE can be preconfigured with a set of K candidate V. The UE may reporting CSI for each of the candidate V, or choose the best interference PMI Vopt.. It is also possible that the TRP dynamically indicates the V to the UE. The latter is useful to reduce UE complexity.
The clear benefit of UE-side emulation is that it only requires L=1 NZP-CSI-RS for emulation, irrespective of the number of interference PMI (K). Secondly better scheduling flexibility is attained as gNB can flexibly control the interference PMI (V) to be emulated.
One potential disadvantage of UE-side interference emulation is UE complexity, which scales linearly with codebook size of interference PMIs. This is a valid concern. One possible solution is to limit the maximum number of interference PMIs that the UE needs to emulate, e.g. 4 or 8 which can be a UE capability. 

Conclusion:
· TRP-side emulation results in large system overhead. Also the functionality is already supported by NP-CSI-RS.  
· UE-side emulation has much lower system overhead. 
· Complexity of UE-side emulation can be addressed by limiting the codebook size of interference PMI (e.g. 4 or 8), which can be a UE-capability issue to be jointly considered with CSI codebook size. 

Conclusions
In this contribution we presented our views on NZP-CSI-RS based interference estimation. Our views are summarized below:
Conclusion:
· Benefits of scheme 1is unclear, while it suffers the same problem as CRS-based interference estimation. 
· TRP-side emulation results in large system overhead. Also the functionality is already supported by NP-CSI-RS.  
· UE-side emulation has much lower system overhead. 
· Complexity of UE-side emulation can be addressed by limiting the codebook size of interference PMI (e.g. 4 or 8), which can be a UE-capability issue to be jointly considered with CSI codebook size. 

Proposal: 	
· Adopt UE-side interference emulation (Scheme 2) for NZP CSI-RS based interference measurement.
· Study mechanism to reduce emulation complexity, e.g. restricting the size of interfering PMI codebook.
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