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Introduction
At the RAN1 #86 meeting, in CSI enhancement discussion, feedback schemes were discussed to support advanced CSI reporting [1]. Agreements are captured as follows.
Agreement:
· Specify CSI feedback enhancement with the following advanced CSI feedback framework:
· Reduced space (eigenvectors)/W1 is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Orthogonal basis (e.g. orthogonal DFT matrix)
· Alt2. Non-orthogonal basis (e.g. Rel.13 Class A W1 for rank-1 and/or 2)
· Reduced space representation/W2 is to further combine selected beams
· Granularity of weighting (phase and/or amplitude) can be either wideband only or wideband/subband, and is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Phase and amplitude
· Alt2. Phase-only weighting
· How the enhanced framework can be applicable for Class A and/or Class B eMIMO-Types is FFS
· FFS: How to handle the relationship between advanced CSI feedback and legacy CSI feedback framework
· Companies are encouraged to provide results comparing the above alternatives, considering a mix of smaller and larger numbers of ports within the following antenna port configurations
· {4,8,12,16,20,24,28,32} ports
· Focus on rank<=2 scenario MU-MIMO for evaluation
· Feedback overhead needs to be taken into account
· For {4,8,12,16, 20,24,28,32}-port scenario, companies are encouraged to compare their proposals to dual-stage codebook enhancement with increased number of beams in W1

In this contribution, we discuss the relationship between advanced CSI feedback and legacy CSI feedback. Furthermore, we discuss the candidate mechanisms to support advanced CSI reporting. 
Standardization Support of Advanced CSI
The relationship between advanced CSI and legacy CSI reporting 
The agreed advanced CSI feedback framework includes reduced space representation via orthogonal basis, e.g., orthogonal DFT vectors or non-orthogonal basis, e.g., the Rel. 13 Class A W1, codebook for rank 1/2. Using orthogonal basis may lead to new codebook design. And as a consequence, the codebook searching procedure for legacy CSI and advanced CSI will be totally different. If the advanced CSI feedback is built based on the Rel. 13 Class A W1, legacy CSI and advanced CSI can share some common modules for codebook searching. It will also minimize the standardization effort. Therefore, if performance gain is evident, it is desired to build advanced CSI on existing codebook structure and feedback framework. 
To verify the performance, we conducted system level evaluation. We compared the performance of advanced CSI feedback against legacy CSI feedback. Advanced codebook and legacy codebook share the same W1. For advanced codebook, W2 is extended by allowing weighted combination of additional beams. In the simulation, we evaluate MU-MIMO performance with rank-1 codebook feedback. Considering that Rel. 13 codebook have several different beam group patterns, we simulated Config. 2, 3 and 4 since all of them assume 4 beams in the beam group. Beam combination is made among the beams in the beam group selected by PMI 1. Other detailed simulation assumptions are captured in the appendix. Evaluation is performed in the UMi scenario and FTP traffic with low, medium and high traffic loads are simulated. Performance gain achieved by advanced CSI in mean, 5% and 50% user packet throughput (UPT) are collected in Figure 1.
  
(a) config.2                                (b) config.3                                (c) config.4 
Figure 1: Performance gain of LC CB
From the results, we can observe the following.
Observation 1: Using the same W1 design, by changing the W2 design from beam selection to beam combination, decent performance gain can be achieved. Up to 10% and 30% performance gain is achieved at mean UPT and 5% UPT.
And therefore, we propose the following.
Proposal 1: Advanced CSI codebook shall be designed based on the legacy CSI codebook.
Overhead and performance tradeoff
Overhead is always one key impact factor in feedback framework design. In advanced CSI reporting, overhead should be taken into consideration. 
The combination beam number affects the overhead as well as the performance. Linear combination codebook is designed for capturing the multi-path channel characteristics. Number of beams required depends on the channel. And the weighting coefficients should be carefully chosen to capture the paths properly.
Another impact factor is feedback granularity in frequency domain. Linear combination codebook should be supported in both wideband and subband. The overhead for the two cases are different.
The weighting coefficients can be constructed by phase only or phase and amplitude. We analyze the feedback overhead and summarize it in different cases in Table 1. Here,  represents the number of the combined beams in total. represents the number of amplitude levels per beam.   represents the number of different phases per beam. Assuming the amplitude and phase number are the same for all the beams except for the reference one. We assume that the weighting coefficient for the reference beam can be scaled to 1. By the table, even in 2 beams combination, phase only case, there is still overhead problem with reusing present periodic feedback types as in some types the overhead is already close to the upper bound of PUCCH format 2. 
Table 1: Additional feedback overhead for LC CB PMI[image: ]
Besides the issue of the payload per feedback instance, we should also pay attention to the overhead increase in total. Comparing advanced CSI reporting with legacy CSI reporting, advanced CSI reporting can bring performance gain, by sacrificing the feedback overhead. There is a tradeoff between performance and feedback overhead. Unnecessary feedback overhead shall be avoided by adapting the CSI reporting type to the channel states. For instance, a UE can perform channel measurement and calculate the quantization accuracy achieved by advanced CSI or the legacy CSI. A UE can switch between advanced CSI and legacy CSI based on performance comparison. In this way, unnecessary feedback overhead can be reduced, e.g., in the case that linear combination beam performs worse or just achieves very limited gain compared to single beam selection. Another solution is to include ‘0’ as one special weights in advanced CSI reporting. For either UE decided solution or ‘0’ weighting, a UE informs BS which CSI reporting type is reported, i.e., advanced CSI reporting or legacy CSI reporting. To achieve that, a new feedback information CTI (CSI type indicator) can be introduced to indicate the reporting type.
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Proposal 2: It is up to UE to decide the reporting type: advanced CSI reporting or legacy CSI reporting. Introduce CTI (CSI type indicator) to indicate the feedback type.
Feeback modes suppoting advanced CSI reporting
As discussed, there is problem with reusing present periodic feedback types to support advanced CSI reporting due to the PUCCH payload limitation. In periodic feedback, if we want to support advanced CSI reporting, we may consider new feedback type or using PUCCH format 3. Subsampling can be a candidate but the performance loss should be clarified.
Unlike periodic feedback, aperiodic feedback has no such limitation in terms of capacity. But when it comes to persistent requirement of advanced CSI reporting, BS has to continuously trigger the reporting. Another issue should be clarified is the priority. The information used to form the report type, i.e. CTI, has the same or higher priority with CRI/RI. So the information location of CTI can be similar to that of CRI or RI.
Besides periodic feedback and aperiodic feedback, we can consider new feedback modes like feeding back legacy CSI reporting in periodic way, and feeding back extra information like weighting coefficients in an aperiodic way. In the aperiodic feedback part, totally new PMI and CQI feedback can be considered. By this way, complete feedback information is sent to BS by combing the periodic and aperiodic CSI reporting.
The solution is illustrated in Figure 2.

 
Figure 2: Combine periodic feedback with aperiodic feedback
Proposal 3: The following feedback modes are considered to support advanced CSI reporting:
· periodic 
· aperiodic 
· periodic + aperiodic.
Summary
In this contribution, we discuss the advanced CSI reporting issues concerning feedback. We have the following observation and proposals.
Observation 1: Using the same W1 design, by changing the W2 design from beam selection to beam combination, decent performance gain can be achieved. Up to 10% and 30% performance gain is achieved at mean UPT and 5% UPT.
Proposal 1: Advanced CSI codebook shall be designed based on the legacy CSI codebook.
Proposal 2: It is up to UE to decide the reporting type: advanced CSI reporting or legacy CSI reporting. Introduce CTI (CSI type indicator) to indicate the feedback type.
Proposal 3: The following feedback modes are considered to support advanced CSI reporting:
· periodic 
· aperiodic 
· [bookmark: _GoBack]periodic + aperiodic
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config.2 performance gain
Rel.13	λ=1.6	λ=2.8	λ=3.4	1	1	1	Avg.	λ=1.6	λ=2.8	λ=3.4	1.019728729963	1.0358898721730501	1.01356483993488	5%	λ=1.6	λ=2.8	λ=3.4	1.01381818181818	1.00882723833543	1.0290322580645099	50%	λ=1.6	λ=2.8	λ=3.4	1.02582335329341	1.0496357012750399	1.0140332640332601	



config.3 performance gain
Rel.13	λ=1.6	λ=2.8	λ=3.4	1	1	1	avg.	λ=1.6	λ=2.8	λ=3.4	1.0442404006677699	1.0863157894736799	1.07390300230946	5%	λ=1.6	λ=2.8	λ=3.4	1.170891251022	1.1846381093057601	1.29239766081871	50%	λ=1.6	λ=2.8	λ=3.4	1.0323917137476399	1.0952615992102599	1.09194097616345	



config.4 performance gain
Rel.13	λ=1.6	λ=2.8	λ=3.4	1	1	1	avg.	λ=1.6	λ=2.8	λ=3.4	1.03929765886287	1.0378486055776801	1.1032028469749999	5%	λ=1.6	λ=2.8	λ=3.4	1.0967741935483799	1.0748730964466999	1.2689393939393001	50%	λ=1.6	λ=2.8	λ=3.4	1.0323917137476399	1.0377358490566	1.1460203470974999	
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Parameters Values
Traffic model FTP
Channel model UMi-2GHz

Number of BS (H,V) antenna elements

(8,8), x-polarized, subarray partition

(N,N,,P)

32 ports: (4,4,2)

BS (H,V) antenna spacing

(0.5,0.8)A

BS and MS antenna polarizations

BS: (+45°,-45°); MS: (0°, 90°)

Number of UE antennas

2

SU/MU pre-coding

SLNR

Scheduling MU, Proportional fair, up to 4 layers

Channel estimation Ideal

Transmission rank 1

Receiver MMSE-IRC

Codebook Class A: (0,,0,) = (8,4), Codebook-Config = 2, 3, 4, LC Codebook





