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1. Introduction
Interference measurement is an essential component of CSI reporting. The following agreements on interference measurement were agreed in RAN1#88.
Agreements:

· NR supports ZP CSI-RS based interference measurement for CSI feedback

· Note: this support is not transparent to specification

· FFS the case of DM-RS & NZP CSI-RS based interference measurement for CSI feedback

· Whether to support one of them or both

· Whether the support is transparent to specification or not

Agreements:

· NR supports aperiodic, semi-persistent (as a working assumption), and periodic IMR based on ZP CSI-RS for interference measurement for CSI feedback

· For IMR based on ZP CSI-RS, above three different time-domain behaviors are configured in the resource setting(s).

· FFS the potential impact on PDSCH rate matching

After further discussion in RAN1#88bis, it was agreed to further study interference measurement resources based on NZP-CSI-RS and DMRS, and down-select from the following identified candidate schemes:
Agreements:
· For interference measurement, down selection from options will be conducted.

· NZP CSI-RS based

· Opt. A1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)

· Opt. A2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

· DM-RS based

· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)

· Opt. B2: Estimation on DM-RS for other UEs

· Criteria for design and down selection are as follows.

· Required RS densities

· UE processing latency
· Support of self-contained CSI reporting (if supported) at least depends on the location of IMR.

· FFS: Whether the emulation is performed at TRP side or UE side

· FFS: RAN1 specification impact, if any, on the options above

In this contribution we discuss if any new interference measurement resources should be introduced in NR, and their down selection.
2. Legacy interference measurement 
Interference measurement for LTE TM 1-9 is based on CRS by subtracting the contribution of 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, eNB needs to further process the CSI by properly estimate/predict 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 neighbor CRS (with strong cross-interference) are non-colliding, so 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 will arise due to persistent interference on CRS REs. 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, UE complexity for interference estimate is low as UE can simply measure the power on the IMR.
It has been agreed that ZP CSI-RS will continue to be supported in NR MIMO. Additionally, DMRS and ZP CSI-RS based IMR are being discussed. 

3. Potential new IMR for NR

3.1. NZP CSI-RS based IMR

One of the shortcomings of ZP CSI-RS based IMR is the overhead, as different cells need to configure different (e.g. non-colliding) IMR resources. To address this issue, NZP CSI-RS is proposed where all cells in the network use the same NZP CSI-RS resource as IMR, leading to very low IMR overhead. Interference seen on IMR in one cell therefore comes from all other cells. UE is expected to subtract contribution of its serving cell NZP CSI-RS from the IMR REs to estimate inter-cell interference.
The following two options were identified for NZP-CSI-RS based interference measurement. They are analyzed separately in the following sections.

· NZP CSI-RS based

· Opt. A1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)

· Opt. A2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

3.1.1 NZP CSI-RS Option A1

Interference estimation with Option A1 is essentially the same as CRS-based interference estimation, except using different REs. Hence, they share the same advantages/disadvantages:

· UE complexity: 
UE needs to perform channel estimate by subtracting the serving cell CSI-RS. 

· Estimate accuracy: 
Interference accuracy depends on NZP CSI-RS estimation accuracy. When NZP-CSI-RS SINR deteriorates, interference estimation accuracy degrades as well. This can be particularly challenging for cell-edge UE.
· Interference over-estimate: As NZP CSI-RS is always ON (at least for periodic CSI-RS), interference over-estimate is a problem.
Given the above, it is not preferred to introduce option A1, as the same approach has been de-prioritized in LTE.
Conclusion:

· Benefits of Option A1 unclear, while it suffers the same problem as CRS-based interference estimation. 
3.1.2 NZP CSI-RS Option A2

With option A2, interference is emulated on the NZP-CSI-RS resource which is represented by multiplied value of channel and precoding matrices. 

Interference emulation on NZP-CSI-RS can be performed at gNB, or at UE.
· If performed at the gNB, dummy signals obtained as a multiplication of NZP-CSI-RS symbols and hypothetical interfering precoders (PMI) are transmitted by the gNB on the NZP-CSI-RS. It can be considered that NZP-CSI-RS is beamformed with a hypothetical interfering PMI. Multiple NZP-CSI-RS resources need to be configured, for multiple PMI hypotheses. This creates large system overhead.
We further note that mechanism of option A1 is exactly the same as the already well supported ZP-CSI-RS. Since it is redundant we don’t see the need to support it.
· If performed at the UE, one IMR is sufficient to emulate an infinite number of hypothetical interfering PMI, hence the IMR overhead is sharply reduced. System flexibility is also improved as the set of hypothetical interfering precoders V can be flexibly controlled in a UE-specific manner.
Conclusion:

· Benefits of option A2 (when emulation is performed UE) include reduced IMR overhead and improved interference emulation flexibility.
3.2. DMRS-based IMR
The following options for DMRS-based IMR are identified.
· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)

· Opt. B2: Estimation on DM-RS for other UEs

3.2.1 DMRS Option B1
Option B1 and A1 are competing proposal. At most one can be supported. 
Compare to Option A1, the pros/cons of Option B1 are
Pros: 

· Higher IMR Re density, which will improve interference estimation accuracy.
Cons: 

· DMRS is narrow-band, making it difficult to derive wideband CSI.

· DMRS is not persistent in the time domain. This limits the availability of CSI measurement, e.g.  for delay-sensitive applications. 
· DMRS of paired users may not be fully aligned. It may be so that interference on DMRS REs comes from different signals (e.g. DMRS or PDSCH).
Conclusions:

· Option B1 and A1 have similar issues in terms of UE complexity and estimation accuracy.
3.2.2 NZP CSI-RS Option B2

With option B1, the target UE uses the DMRS of co-scheduled UE to estimate interference. A few issues need to be clarified for this option.
· If DMRS of co-scheduled UE is intended to be measured as interference, it further needs to be clarified whether DMRS of co-scheduled UE collide with any signal of the target UE, e.g. DMRS, PDSCH or other signal. 

· If DMRS of co-schedule UE collides with DMRS of target UE, the target UE can subtract its own DMRS. This falls back to a special case of Option B1. 
· If DMRS of co-schedule UE collides with PDSCH of target UE, the target UE needs to subtract its own PDSCH in order to estimate interference. This not preferred due to its increased processing timeline and UE complexity.
· If DMRS of co-schedule UE collides with a ZP-CSI-RS of the target UE, the target UE can measure its IMR directly. This falls back to ZP based IMR, which is already supported.
· If DMRS of co-scheduled UE is not intended to be measured as interference, it needs to be subtracted from the received signal, irrespective if the Rx signal is measured on DMRS, CSI-RS or other RS of the target UE. 
More clarification on the mechanism and performance evaluation are needed to justify this method. If supported, DMRS ports of the co-scheduled UE (e.g. port number, transmit power, DMRS sequences) need to be dynamically indicated to the target UE, which creates large overhead.
4. Conclusions

In this contribution we presented our views for DMRS and NZP CSI-RS based interference measurement resources. Based on the discussion our conclusions are summarized below.

Conclusions:
· Benefits of Option A1 unclear. 
· Benefits of option A2 (when emulation is performed at UE) include reduced system overhead and improved MU pairing flexibility. 

· Option A2 (with emulation at gNB) does not require any standard support.
· Option B1 and A1 have similar issues in terms of UE complexity and estimation accuracy.
· Option B2 needs to be further clarified and justified by system-level evaluation.
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