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1. Introduction
In the last meeting the following agreements were reached on interference measurement for NR CSI feedback:
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

In this contribution we discuss additional IMR using DMRS or NZP CSI-RS.
2. Discussion

Interference for CSI in LTE TM 1-9 is measured 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, excluding any possible intra-cell interference component. As such if the estimated interference is to be used for MU-MIMO link adaptation, eNB needs to further process the CSI in order to properly reflect the post-process SNR after MU-MIMO scheduling. This often creates a 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 shifting candidates, interference estimated on the serving cell CRS may still arise from neighbor cell PDSCH or 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 that the interference seen on CRS indeed comes from PDSCH. However if maintaining non-colliding CRS among neighbor cells is not always possible (e.g. dense small cell deployment), severe interference over-estimation may arise where persistent interference observed on CRS REs is statistically stronger than the actual interference on PDSCH. Particularly in low-load scenarios with low RU, this issue is more exacerbated.
To address this issue LTE further introduced dedicated interference measurement resource (IMR) on ZP CSI-RS. As there is a larger set of candidate IMRs, cell planning is more flexible such that interference estimated on IMR can more accurately reflect the actual inter-cell interference due to PDSCH. Moreover, UE complexity for interference estimate on ZP CSI-RS is extremely low as UE can simply measure the power on the IMR.
It has been agreed that ZP CSI-RS based IMR will continue to be supported in NR MIMO. Additionally, DMRS and ZP CSI-RS based IMR are being discussed as two additional IMR resources. 

2.1. DMRS-based IMR

It is suggested that ZP CSI-RS only estimates inter-cell interference without taking into account intra-cell interference, and therefore is less efficient for MU-MIMO. DMRS on the other hand allows estimation of both inter- and intra-cell interference, when PDSCH is pre-scheduled under MU-MIMO. Furthermore, by pairing UEs with different PMI combination, intra-cell interference estimated on DMRS is able to emulate different MU-MIMO pairing hypothesis, thereby improving MU flexibility/accuracy.
Some observations are noted regarding its benefit and limitations:

· Interference hypothesis testing for different PMI pairing can be equally supported by ZP CSI-RS based interference estimation, with better flexibility. In particular
· gNB may transmit dummy signals precoded with the to-be-tested-PMI on IMR to emulate intra-cell interference. If more than one interference hypotheses are to be tested gNB may use more than one IMR, corresponding to different interference hypotheses tests. 
· If IMR overhead is an issue the UE may use the serving cell NZP CSI-RS to emulate intra-cell interference of different PMI pairing hypotheses on a single IMR. In particular, denote the serving cell channel as H, and a PMI pairing hypothesis to be tested as V, intra- and inter-cell interference can be emulated as
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is the estimated interference on IMR, H is the serving cell channel, V is the to-be-tested-PMI, and 
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is the emulated interference. Note here only one IMR is sufficient to emulate all PMI pairing hypotheses, achieving superior MU-MIMO flexibility and low system overhead.
On the other hand with DMRS-based interference estimation, at one time only one PMI pairing hypothesis can be tested (e.g. the one being used for the current PDSCH transmission). This is considerably more restrictive. 

· DMRS is narrowband, not sufficient for CSI measurement which often has to cover a wider bandwidth to allow frequency selective scheduling.  Restriction on available resources for DMRS transmission (highly dependent on cell traffic) also will result in prolonged delay for CSI acquisition and performance loss. 
· CSI is intended to get an initial estimate on the frequency assignment and transmission rank for future NR-PDSCH. DMRS based IMR, on the other hand, mandates a 1st NR-PDSCH transmission test, in order to acquire CSI, to be used for a 2nd NR-PDSCH transmission. The sequence of events is reverted which leaves network scheduler design very complicated.  At any rate, it is questionable if DMRS-based IMR can operate in a stand-alone manner.  At best it may be seen as an optional optimization which must be accompanied by ZP-CSI-RS.
Observation:
· Benefits of DMRS-based IMR can be equally supported by ZP CSI-RS, with lower overhead, simpler UE implementation and superior scheduling flexibility.
2.2. 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 as an alternative where all cells in the network use the same NZP CSI-RS resource as IMR. Interference seen on IMR in one cell therefore reflects all inter-cell interference. UE is expected to subtract contribution of its serving cell NZP CSI-RS from the IMR REs to estimate interference.
In essence, NZP CSI-RS and CRS-based IMR are identical, except using different REs. Hence, they share the same advantages/disadvantages:

· UE complexity: 
UE needs to perform channel estimate first based on NZP CSI-RS, then subtract it to acquire interference estimate. This is considerably more complicated than ZP CSI-RS where UE can simply measure the power on IMR.
· Estimate accuracy: 
Interference accuracy depends on NZP CSI-RS estimation accuracy. When NZP-CSI-RS quality deteriorates, interference accuracy degrades as well. Aligning NZP-CSI-RS of all cells is questionable as it degrades the quality of CSI-RS estimation. 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), it suffers the same interference over-estimate problem of CRS. Considering that real network usually has a pretty low system load, the effect of interference over-estimate should not be overlooked. 
Given the above, more discussion and system-level evaluation is needed to demonstrate the need of NZP CSI-RS based IMR.
Observation:

· Benefits of NZP CSI-RS based IMR is unclear.
3. 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.

Observation:

· Benefits of DMRS-based IMR can be equally supported by ZP CSI-RS, with lower overhead, simpler UE implementation and superior scheduling flexibility.
· Benefits of NZP CSI-RS based IMR is unclear.
Proposal:

· Further evaluating DMRS and NZP-CSI-RS based IMR.
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