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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.
Agreements:
· 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 addition, in the email discussion [86b-09] Quantized Advanced CSI Feedback Structure for eFD-MIMO, the following proposals were made about advanced CSI feedback for further discussion in RAN1#87 [2]:
· For advanced CSI feedback, at least one of the following types of beam group is supported
· Type 1: Class A based W1 (non-orthogonal)
· Type 2: Unrestricted orthogonal W1
· Type 3: Orthogonal beams with restricted beam pattern
· For advanced CSI feedback, RAN1 will specify only rank-1 and rank-2 codebooks 
· FFS rank 3-4 
· Note: For rank 5-8, Rel.13 codebooks, as well as the extension and/or enhancement to more than 16 ports, can be reused 

In this contribution, we discuss some issues for advanced CSI feedback, e.g., the relationship between legacy CSI feedback and advanced CSI feedback, the overhead calculation for advanced CSI reporting, and the possible feedback modes to support advanced CSI reporting.
Standardization Support of Advanced CSI
The relationship between advanced CSI and legacy CSI reporting 
As captured in introduction, the following alternatives were proposed to construct the basis set for advanced CSI reporting:
Alt. 1: Class A based W1 (non-orthogonal) 
Alt. 2: Unrestricted orthogonal W1
Alt. 3: Orthogonal beams with restricted beam pattern
For Alt.1, the advanced CSI feedback can be built based on the Rel. 13 Class A W1, codebook for rank 1/2, Config. 2/3/4. It will minimize the standardization effort, but still achieves decent performance gain, as shown in Figure 1. For Alt. 2, the reduced vector space consists of orthogonal basis. W1 is constructed by several DFT beams selected from the reduced vector space. The W1 can also be constructed based on Rel. 13 Class A W1 codebook, Config. 1, wherein the Rel. 13 Config. 1 is used to select a “leading” beam, and additional beams are selected which are orthogonal to the leading beam and are mutually orthogonal. For Alt. 3, M beam group patterns are pre-defined in which the beams are selected from the reduced vector space that is constructed by orthogonal basis. It is similar to the rank3/4 codebook configuration in Rel. 13. Compared to Alt. 2, Alt. 3 reduces feedback overhead via reduce the types of possible orthogonal beam combination, which may sacrifice certain performance gain [5]. To verify the advanced CSI reporting 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 advanced CSI reporting
From the results, observation and proposal are reached as 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 4% and 12% performance gain is achieved at mean UPT and 5% UPT.
Proposal 1: Advanced CSI codebook shall be designed based on the legacy CSI codebook.
From the reporting point of view, the three alternatives have something in common, i.e., as the advanced CSI reporting codebook can reuse Rel. 13 Class A W1, the legacy CSI reporting can be part of the advanced CSI reporting. For instance, in Alt. 2, the vector space can be constructed by DFT vectors in Rel. 13 Class A W1 codebook, Config. 1. By this means, legacy CSI and advanced CSI can share some common modules for codebook searching. In normal CSI feedback, PMI1 feeds back one beam group which contains one beam for Config. 1, rank 1. This beam can also be the leading beam in advanced CSI reporting, meanwhile advanced CSI reports more contents for beam combination, i.e., combined beam index, amplitude for combined beam, co-phase for beams in different polarization and phases for combined beams. So advanced CSI reporting can include normal CSI reporting in given configuration. It is also expected that the advanced CSI may lead to higher UE complexity, and therefore may need more UE processing time. Then it is considered that a UE may report a normal CSI at an early time instance and then reporting additional information, to constitute the entire advanced CSI at a later time instance. Figure 2 indicates the relationship between legacy CSI reporting and advanced CSI reporting, in terms of feedback contents and the feedback timeline.
Proposal 2: The timeline design for advanced CSI reporting should be taken into consideration.


Figure 2. The relationship between advanced CSI reporting and legacy CSI reporting
Overhead calculation and performance tradeoff 
The overhead for advanced CSI reporting comes from several parts: the leading beam index, the combined beam index, the co-phase for beams in different polarizations, the phase for combined beams. The granularity which includes supported ranks in advanced CSI reporting, the reporting circle and the information reporting on wideband or subband also affects the overhead a lot.
We analyze the feedback overhead and summarize it in different alternatives 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.  represents the beam pattern number for Alt.3.represent the antenna ports number in two dimensions.  represent the oversampling factor in two dimensions. Assuming the combination beam number for Alt.1 is 4. We assume amplitude and beam selection are conducted in wideband. Phase selection is conducted in subband.
Table 1: Feedback overhead for advanced CSI reporting
	Case
	Wideband (bits)
	Subband (bits)

	Alt.1 
	*⌈⌉+ ⌈⌉
	*⌈⌉

	Alt.2
	*⌈⌉+ ⌈⌉+⌈⌉
	*⌈⌉

	Alt.3
	*⌈⌉+ ⌈⌉+⌈⌉
	*⌈⌉


By the table, even in Alt.1, which need the least extra overhead, 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. 
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 now, candidate CSI reporting type selection mechanism can be summarized as followings:
Scheme 1: higher layer signalling indicate the reporting type, the UE follow the indication and report corresponding type of CSI. 
Scheme 2: UE recommend the reporting type and report the CSI type together with channel estimation information to eNB.
Scheme 3: UE recommend the reporting type, eNB choose the reporting type according to UE’s recommendation or not.
For present, it is UE that performs channel measurement and calculates 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 explicitly indicate the reporting type.
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 supporting 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 3.

 
Figure 3: 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 4% and 12% 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: The timeline design for advanced CSI reporting should be taken into consideration.
Proposal 3: 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 4: The following feedback modes are considered to support advanced CSI reporting:
· Periodic 
· Aperiodic 
· Periodic + Aperiodic.
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performance gain(config. 2)
Rel.13	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1	1	1	Mean	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.0154370489174016	1.0196546905287833	1.0360333824251349	5%	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.1084424557478449	1.1250616918369361	1.0864899377478727	50%	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.0195021523488677	1.0177568177158089	1.0382785956964893	



performance gain(config.3)
Rel.13	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1	1	1	Mean	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.0160785886126704	1.0142451426768246	1.0330878743249876	5%	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.1173915904454828	1.0923896949955583	1.0980808663728006	50%	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.0064383305259217	1.0238261226163625	1.0382785956964893	



performance gain(config.4)
Rel.13	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1	1	1	Mean	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.0044506816359262	1.0075282874273093	1.0372606774668631	5%	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.0534315983417781	1.0895271937617215	1.1219994351878002	50%	𝜆	= 1.6	𝜆	= 2.8	𝜆	= 3.4	1.0064383305259217	1.0058642608160753	1.043986409966025	
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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

(Ny,N;, P)

(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) LC codebook





