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1	Introduction
False PMI reporting issue was raised in our contribution [1] in the last meeting but has not been deeply discussed. According to the agreed WF [2], whether to introduce related PMI reporting requirement is still open. Following options are under discussion:
	Test scope of PMI requirement for inter-cell interference scenario
· Option 1: Yes 
· Companies evaluate the impact of false PMI reporting on throughput
· RAN4 defines PMI reporting requirement for inter-cell interference scenario
· Option 2: No 
· Option 3: Further evaluation is needed



In this contribution, we gave our detailed description of this issue and analysis on the cause. Meanwhile, we shared our views on the solution and the modeling for further discussion. In the end, we showed some initial evaluations to help seeing this issue clearly. 
2	Discussion
2.1 Description of false PMI reporting issue
As we mentioned in our contribution [1] in last RAN4 meeting, there is a false PMI reporting issue found in OTA testing of commercial NR UEs. This critical issue has been found related to MIMO performance of UEs near the cell edge. The issue has been detected for both 32 and 8 port CSI-RS and for two UEs with chipsets from different vendors.
The following figure explicitly shows what happens for false PMI reporting issue:
[image: ]
Figure 2.1-1 Illustration of false PMI selection and reporting issue
One UE is connecting to the gNB1 of its serving cell, while there is a gNB2 in an interfering cell affecting it. When this UE is estimating its channel and calculating the PMI, it has chance to wrongly report the PMII, as if it is served by gNB2, instead of PMID to its serving cell gNB1 due to the strong interference from gNB2. 
2.2 Analysis of the cause
The root cause of the false PMI reporting issue can be explained as follows. 
From UE receiver’s perspective, it is likely to use the estimate of the spatial covariance matrix of the estimated channel from the transmitted ports,  in its algorithm to determine PMI. While in a fine designed system, the corresponding spatial covariance matrix of the interference term of the channel estimate, ,  should be ’close to’ spatially white so as to not erroneously bias the PMI selection algorithm.
However, when interfering cell is strong at cell edge, is approximately equal to  which is the spatial covariance estimated if the UE would be connected to the interfering cell. Hence, does not only deviate from being spatially white, but it also equals to the spatial covariance of the interfering cell. Thereby, the PMI reporting starts to “follow” the interfering cell instead of serving cell.
In this case, near cell edge, the  of the interfering cell is of similar strength as from the desired cell and starts to mislead the PMI selection in the UE.
Due to the current NR CSI-RS design, where CSI-RS sequences of different ports are not randomized but same for multiple ports, leads to that  is very far from spatially white which causes false PMI selection.
Observation 1: When interfering cell is strong at the cell edge, the corresponding spatial covariance matrix of the interference term of the channel estimate, ,  does not only deviate from being spatially white, but it also equals to the spatial covariance of the interfering cell.
Observation 2: Due to the current NR CSI-RS design, where CSI-RS sequences of different ports are not randomized but same for multiple ports, leads to that  is very far from spatially white which causes false PMI selection.
2.3 Proposed solution and modelling
One straightforward solution is to let network to configure non-colliding CRS-RS in scheduling, since then the CSI-RS will be interfered by precoded PDSCH which have spatially white transmission, i.e.  and problem is solved.
However, the configuration of non-colliding RS in networks has multiple drawbacks:
· It requires frequency planning and re-planning of RS resources
· This may be a trivial task in the idealized 3GPP scenario of hexagonal cells. But reality is very different from this ideal situation, especially in dense urban deployments where cells overlap in the most unpredictable ways. It has been observed that signals from cells far away is unexpectedly hitting the UE strongly in some physical location but not as much if moved just a few meters away. Hence, it is not only adjacent cells that could cause interference. This makes frequency planning very challenging and can be avoided by assigning all cells with overlapping RS.
· In addition, networks constantly evolve to meet traffic demands, sites are added to densify the grid.  If non-colliding RS is used, then the network needs to be re-planned for every new gNB that is added since new RSs are introduced. This is a major effort and can be avoided by assigning all cells, old as new, with overlapping RS.

· It generates interference from adjacent cells to PDSCH, even if the adjacent cell has no ongoing traffic
· This is the same problem as is faced in LTE with non-colliding CRS and leads to reduced spectral efficiency. The CRS is hitting PDSCH in adjacent cells which degrades PDSCH performance. In LTE, it was even studies ongoing on cancelling of CRS from interference cells due to this issue. This interference problem can also be avoided by assigning all cells with overlapping RS.

· It may generate significant RS overhead due to the use of ZP CSI-RS for protection of PDSCH
· To protect against the interference issue mentioned above, one can configure ZP CSI-RS. However, this increases the overhead significantly and reduce the spectral efficiency. This because in a cell, not only NZP CSI-RS needs to be configured, but now also ZP CSI-RS of adjacent cells. This also then turns into a frequency planning issue for ZP CSI-RS, with same drawbacks as for NZP CSI-RS discussed above. In particular, if Type II CSI feedback is used for FDD to allow high performing MU-MIMO precoding, then the periodicity of both the NZP and ZP CSI-RS needs to be short. RS overhead will be tremendous. This whole RS overhead and associated planning problem is avoided by assigning all cells with overlapping RS.
In addition, even if non-colliding CSI-RS is configured by a reuse pattern where different frequency resources or OFDM symbols are utilized for different cells, there will likely be collisions anyway since in practical network interference shows up not only from the adjacent cells but could be from a further away cell. This is often seen in urban and dense urban deployments and where high-rise buildings are present.
[bookmark: _Toc67653817]Observation 3: Network deployments where cell planning is used for CSI-RS can only partially mitigate the problem in the general case, due to strongly interfering stray signals transmitted from cells further away which are commonly observed in e.g., metropolitan deployments.
[bookmark: _Toc67653818]Observation 4: Network deployment with colliding CSI-RS between all cells have significant benefits to the operator in terms of no need for such network planning, ease of network densification and evolution when adding new sites, lower reference signal overhead and low interference at low load in network. Deploying with non-colliding RS should be avoided due to these reasons. 
Therefore, to consider another way out instead of non-colliding CSI-RS scheduling, a sequence revising method was proposed in RAN1 discussion.
RAN1 related solution
The solution is illustrated by Table 1 for the 4 port CSI-RS resource from row 4 of 38.214, where a new Rel.17 sequence  per port  (is introduced and which is multiplied with the original sequence. The index  runs over the resource blocks, so in each RB, a new value of  is used for each port. If the CDM group spans multiple OFDM symbols, the same value  is used in all these OFDM symbols. 
[bookmark: _Ref67324323]Table 2.3-1 Proposal from RAN1 discussion on the CSI-RS sequence
[image: ]
The sequences  can be based on the existing Gold-31 pseudo random sequence already used throughout the 38.211 specifications. 
The solution makes the interference from an adjacent base station that transmit CSI-RS appear as spatially white noise at the receiver. This is accomplished by introducing a port specific scrambling of CSI-RS ports while preserving orthogonality between the ports of a CDM group
RAN4 related solution
However, above proposal has not been agreed in RAN1 discussion. An alternative way of solving this issue is to extend the work in FeMIMO, which means that to include the PMI reporting requirement with such configuration that the CSI-RS from serving and interfering cell needs to be overlapping to capture the false PMI reporting issue. This alternative solution was supported by a couple of companies as showed in below:
Table 2.3-2 Companies’ views over where to handle the false PMI reporting issue
	ZTE
	We prefer to solve this issue in RAN4 as the new sequence will cause CSI-RS overhead issue which may compromise the benefit. 
	 

	Huawei, HiSilicon
	We would prefer to discuss this directly in RAN4.
	 

	Nokia, NSB
	We still strongly believe that the false PMI reporting problem can be and should be fixed in the PMI estimator of the UE. Introducing an optional feature for Rel-17 is just a convenient way to avoid fixing the underlying issue and developing RAN4 requirement and RAN5 conformance test case “when this is a functional problem that has a Rel-17 solution just around the corner”. 
	 

	QC
	Support. Okay to take it up in RAN4 as well.
	

	Intel
	Support the TEI proposal as RAN1 or RAN4 enhancement.
	 



In this case, we encourage RAN4 to first evaluate the impact brought by false PMI reporting solution, then discuss a proper model to reveal this issue, and consider introducing the corresponding PMI reporting requirement to resolve this issue.
Proposal 1: RAN4 to first evaluate the impact brought by false PMI reporting solution, then discuss a proper model to reveal this issue, and consider introducing the corresponding PMI reporting requirement to resolve this issue.
Interfering model
Here we used a simplified model to try to evaluate the performance degradation by false PMI reporting issue. 
As we know, the CSI Codebook can be described as W = W1 * W2 (the combination of two matrices). From which, the W1 stands for wideband and long-term channel properties, and the W2 stands for frequency-selective and short-term channel properties. 
We then assume a ‘wrong W1 model’ which describes a wrong W1 instead of calculated and selected by the maximum wideband power, which can represent a wrongly selected W1 from an interfering cell near the UE and its serving cell. 
Initial evaluations have been provided in the next section. 
2.4 Initial evaluations
In this section, we showed our initial evaluations to quantize the performance degradation brought by false PMI reporting issue.
First simulation is to compare the PDSCH throughput among reference, colliding CSI-RS, and non-colliding CSI-RS, together with old /new sequence used. 
Following scenarios are considered:
	Num.
	Legend in the figure
	Scenario description

	1
	No ITF, 3GPP seq
	No interference and use 3GPP sequence

	2
	No ITF, New seq
	No interference and use new proposed sequence

	3
	Colliding CSIRS, 3GPP seq
	Colliding CSIRS configured and use 3GPP sequence

	4
	Colliding CSIRS, New seq
	Colliding CSIRS configured and use new sequence

	5
	Shifted CSIRS, 3GPP seq
	Non-colliding CSIRS configured and use 3GPP sequence

	6
	Shifted CSIRS, New seq
	Non-colliding CSIRS configured and use new sequence



[image: ]
Figure 2.4-1 Performance comparison for different colliding pattern and used sequence
From the figure above, we can observe that:
· Colliding CSI-RS with 3GPP sequence has the worst performance across the whole SNR range. The throughput loss is more than 10%. 
· Note that the observed throughput loss for real commercial UEs in the field is even larger.
· Non-colliding or new sequence for CSI-RS improves performance but has other drawbacks as discussed in this contribution
Observation 5: Colliding CSI-RS with 3GPP sequence(original) has the worst performance across the whole SNR range. The throughput loss is more than 10%.
Observation 6: Non-colliding or new sequence for CSI-RS improves performance but has other drawbacks as discussed in this contribution
We also bring initial simulation results using the ‘wrong W1 model’ mentioned in the section 2.3. 
The ‘reference’ is the Tput from a UE connected to its serving cell and interfered by a neighboring cell with INR 5dB and correct PMI reports. 
The ‘false PMI reporting’ is the Tput from a UE connected to its serving cell and interfered by a neighboring cell with INR 5dB and wrong PMI reports.
Please find the simulation results below:
[image: ]
Figure 2.4-2 Performance comparison for reference and false PMI model
From the figure above, we can observe that it has an obviously performance degradation of false PMI reporting configured. For example, the reference can achieve 0.47Mbps at -6dB SNR but the when false PMI reporting configured the same Tput can be achieved at -4dB SNR, which gives 2dB performance loss.
Observation 7: There is an obviously performance degradation when false PMI reporting configured using the ‘wrong W1 model’.
Please be noted that this is just an initial evaluation with an example of one possible modeling. It is encouraged to further discuss and find a more proper way for better reveal this issue. 
3	Summary
In this contribution, we gave a description of false PMI reporting issue, together with the analysis of the cause. Then, we discuss the proposed solution and the modeling for this issue. In the end, we showed some initial evaluation results to see the performance degradation.
To summarize:
Observation 1: When interfering cell is strong at the cell edge, the corresponding spatial covariance matrix of the interference term of the channel estimate, ,  does not only deviate from being spatially white, but it also equals to the spatial covariance of the interfering cell.
Observation 2: Due to the current NR CSI-RS design, where CSI-RS sequences of different ports are not randomized but same for multiple ports, leads to that  is very far from spatially white which causes false PMI selection.
Observation 3: Network deployments where cell planning is used for CSI-RS can only partially mitigate the problem in the general case, due to strongly interfering stray signals transmitted from cells further away which are commonly observed in e.g., metropolitan deployments.
Observation 4: Network deployment with colliding CSI-RS between all cells have significant benefits to the operator in terms of no need for such network planning, ease of network densification and evolution when adding new sites, lower reference signal overhead and low interference at low load in network. Deploying with non-colliding RS should be avoided due to these reasons. 
Proposal 1: RAN4 to first evaluate the impact brought by false PMI reporting solution, then discuss a proper model to reveal this issue, and consider introducing the corresponding PMI reporting requirement to resolve this issue.
Observation 5: Colliding CSI-RS with 3GPP sequence(original) has the worst performance across the whole SNR range. The throughput loss is more than 10%.
Observation 6: Non-colliding or new sequence for CSI-RS improves performance but has other drawbacks as discussed in this contribution
Observation 7: There is an obviously performance degradation when false PMI reporting configured using the ‘wrong W1 model’.
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