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Background
Based on the revised WID of NR eMIMO for Rel-16 in RAN#85 [1], there is an objective related to the CSI enhancement for MU-MIMO, which are described as follows:
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
Therefore, in this contribution, we at first briefly introduce the agreements from RAN1 and then discuss whether these agreements will have impacts on RAN4 demodulation performance and give our suggestion on which of them needs to be defined performance requirements.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
For PMI reporting in Rel-15, Type II codebook design has been introduced to improve the reporting accuracy and downlink capacity. However, there are several shortcomings for Rel-15 Type II codebook, such as: 1) only rank 1/2 PMI reporting is supported 2) only spatial compression is supported. In this case, both performance improving and overhead compression should be taken into account in the CSI enhancement in Rel-16.
By the enhancement of CSI, the downlink throughput of UE in FDD system can be significantly improved and especially, the enhancement will provide more exact information for MU-MIMO paring determination so that the interference between paring UEs is reduced. Moreover, because of the supporting for rank 3/4, MUCSI is able to provide higher downlink throughput for UEs comparing to the type II codebook in Rel-15.
Spatial-frequency compression
According to the summary in [2], companies agreed to introduce frequency domain compression as space-frequency compression, which takes advantage from certain correlation between channels of different subbands. Because of the correlations, a basic pattern makes up a frequency domain based codebook. The rows of space-frequency matrix can be approximately represented as linear combinations of several items within the frequency domain based codebook, similar to the existing approach in the spatial domain. See the figure below for illustration.
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Figure 2.1-1 DFT-based compression 
From the figure above we can see that in the frequency domain, DFT-based compression in Rel-15 requires to estimate and report the precoding matrix for each subband. But in Rel-16, a space-frequency matrix W coved both space and frequency domain (all subbands) is introduced.

It is a matrix by size  ( is the Space dimensions and  is the frequency dimensions), in which  represents the base vector for space domain,  represents the base vector for frequency domain and  is the line ar combination coefficient. 
In Rel-15, the space-compression is supported to implement Type II codebook and each subband process its own estimation for W1 and 2 independently. However in Rel-16, with introducing frequency domain compression, UE has to estimate the results together all the subbands and then report to the base station. 
From the new precoder above we can conclude that by introducing the frequency domain compression, UE has to use new method or new criteria to find the optimum LC coefficients to combine two dimensions of matrix of space-domain matrix and frequency-domain to result in size-matrix  to report to the base station. 
The overhead saved by frequency domain compression can be used to improve the performance, if the same CSI reporting overhead is assumed. For example, more spatial beams can be configured and higher resolution with more quantization bits can be used for amplitude and phase coefficients quantization. In other words, the system throughput can be further improved even with the same feedback overhead of Type II codebook of Rel-15.
From RAN4’s perspective, new frequency base vector  is introduced and LC coefficient needs to be updated by initiating frequency domain compression, for it is a new feature and may bring performance gain comparing to the Rel-15 Type II codebook performance. Therefore, we think new performance requirements are very much needed and the test purpose is to qualify the overhead reduction level and how much gain can be achieved when applying space-frequency compression.  
Proposal 1: Propose to define performance requirements for CSI reporting based on space-frequency compression
LCC quantization
Linear combination coefficient (LCC) is used in DFT-based compression to reasonably combine a bunch of L beams for approaching the optimum beam pattern for one specific channel at the greatest extend. UE needs to first select L beams from DFT codebook and the Linear combination coefficient for these beams. Then UE is supposed to report the index for those beams and the quantization for LCC (Quantization for amplitude and phase separately) to the base station. 
In space-frequency compression, UEs need to feedback the selected 2L spatial base vector indexes and M frequency domain base vector indexes, and the corresponding LC coefficients. The reporting of the LC coefficients is in two steps: first, the UE needs to select and report a 2L × M bitmap for determining a subset for size K0, which can be described as , where  configured by high layer. Then, the UE will select KNz non-zero coefficients in this K0 subset, and report after quantization in amplitude and phase respectively. 
The LCC quantization is an important part in space-frequency compression and will not be define performance requirements individually.  
UCI parameters and omission
For UCI contents, according to the agreements summary, it contains two parts. Part 1 consists of information that related to the number(s) of non-zero coefficients and part 2 includes Bitmap, SCI, SD/FD basis subset selection indicator, LC coefficients and SD oversampling (rotation) factor.
UCI omission occurs when the resource allocated for CSI reporting is less than CSI payload. At this time, UE can omit some of the information in CSI reporting that is not very important to match the allocated payload to complete the CSI reporting procedure.
On issues that need to be considered in UCI omission is whether to recalculate CQI after omission. 
First, the omitted part is PMI information, and the CQI calculation is based on the PMI estimated by the UE. When the UE reports omitted CSI information, the reconstructed PMI on the base station side will be different from the PMI estimated by the UE, and even the RI will have the difference. 
Therefore, it is necessary to ensure that the PMI reconstructed by the base station is synchronized with the CQI and RI reported by the UE. One method is that the UE re-estimates the CQI and RI based on the PMI after the omission, and re-estimates the CQI and RI with some information together with the PMI. Since the method above will remarkably increase complexity in UE implementation, companies agreed in RAN1 #98 meeting to not to recalculate the CQI for UCI omission. 
According to the RAN1 agreements summary [2], the parameters in UCI part 2 are divided into 3 groups where Group n is of a high priority than Group (n+1) for the purpose of UCI omission, and each parameter is belong to which group is described deeply in [2].
In a word, UCI omission has not brought new algorithms nor new typical scenarios but only definition of groups and priority. In that case, we suggest not to introduce performance requirements for UCI omission.
Proposal 2: We propose not to define performance requirements for UCI omission in CSI enhancement
UE capability related issues
Based on the RAN1 agreements summary [2], UE is capable for the following:
· Supporting L=2, 4 is mandatory
· Supporting for maximum rank of 1 and 2
Both of them are supported without additional UE capacity signalling.
As for RAN4 consideration, we are trying to find some new typical scenarios or new characteristics that may cause great impact in implementation. Supporting L = 2, 4 and rank 1/2 as mandatory UE capability is the same with Rel-15. Since L = 6 is an optional capacity for UE that only applicable for many restrictions like rank 1/2, R = 1 and PCSI-RS = 32, which means very few implemented scenarios, so we suggest not to define requirements for it.
Supporting rank 3/4 is agreed to be an optional UE capability after RAN1 #99 meeting. Although rank 3/4 can improve performance for SU-MIMO, it will increase the amount of calculation for Eigenvector search. Moreover, Type II codebook is introduced mainly for improving the performance of MU-MIMO and in MU-MIMO, each UE can only schedule two stream. So in that case we suggest not to define requirements for it as well.
Proposal 3: We propose not to define performance requirements for newly introduced L = 6 and rank 3/4 in CSI enhancement
Proposals
In this contribution, we summarized the RAN1 agreements of CSI enhancements for eMIMO and analyzed the impact on RAN4 performance part. Finally, we give our views on which objective and how to define performance requirements.
For CSI enhancement, we propose the following:
Proposal1: We propose to define performance requirements for CSI reporting based on space-frequency compression
Proposal2: We propose not to define performance requirements for UCI omission in CSI enhancement
Proposal3: We propose not to define performance requirements for newly introduced L= 6 and rank 3/4 in CSI enhancement
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