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1. Introduction
In RAN1#94bis meeting, following agreements are captured in the chairman’s note as:
Agreement 
On the issue of Type II overhead reduction (rank 1, 2), to further progress, interested companies are to submit evaluation results (especially performance-overhead tradeoff) in RAN1#95 once the evaluation methodology is finalized in RAN1#94B.
· Focus on proposals based on linear combination codebook as in Rel-15
· Also investigate potential common ground between frequency domain and time domain approaches, e.g. merging these two into one category

Agreement
The study and, if needed, work on Type II higher rank extension is performed as follows:
· Only for rank 3 and 4 by taking into account the outcome of Type II overhead reduction for rank 1-2
· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out

In this contribution, we focus on the overhead reduction schemes for Type II CSI. Based on the simulation assumption agreed in RAN1#94bis meeting, we compare the overhead reduction schemes in terms of trade-off between overhead and performance. Note that discussion on higher rank codebook design can be found in our companion contribution [1].

2. Discussions on overhead reduction schemes for Type II CSI
In this section, we compare overhead reduction schemes for Type II CSI in terms of overhead and performance trade-off.
2.1. Time-domain compression approach
In this subsection, we present time-domain compression method called FSPF (frequency selective precoding feedback) for Type II CSI in order to efficiently reduce the total payload. The key idea of this codebook design is applying different level of cyclic phase shift in frequency domain for each of combining beams, and thus phase combining coefficient per SB in the legacy Type II codebook can be skipped. Then, the linear combination codebook structure can be constructed as 

where 
·  and   are orthogonal basis (e.g., 2D-DFT vector),
· ,
·  is the relative power coefficient for i-th beam,
· k represents the frequency domain index (e.g., subcarrier index, RB index),
·  controls the degree of the phase shift with respect to k
·  is the smallest number from the set  such that 
·  is the number of the subcarriers in the configured bandwidth, and
·  is an integer value, e.g., .
Without loss of generality, rank 1 codebook for k-th frequency domain index can be expressed as
                (1)
Here, we assume that the 1st column is the strongest beam. In order to determine (2L-1) parameter set , we calculate the frequency domain samples by projecting basis beam(s) to channel matrix or dominant eigenvector of k-th subcarrier. Then, we take IFFT of obtained frequency domain samples to derive the maximum delay () for l-th basis beam. The amplitude and phase offset  can be computed using the time domain sample corresponding to maximum delay. For rank 2, layer independent codebook construction can be applied.
2.2. Frequency-domain compression approach
   In this approach, the main idea of this overhead reduction method is directly compressing the frequency domain channel coefficients by using the orthonormal basis, e.g., DFT matrix. First, we define rank 1 codebook for k-th frequency domain index ( based on the conventional Type II CSI can be expressed as

Then, we define  as the stacked PMI matrix for all configured reporting SBs as follows. 

Here, the NSB stands for the number of configured reporting SBs. Then, by using the projection matrix , we can approximately express  as 
                                                        (2)
where , , and if K=NSB, this codebook is identical to conventional Type II CSI. In this scheme, UE reports the 2LK complex coefficients and indices for and  
 
2.3. Payload comparison
   In this section, we provide payload comparison between above two schemes. For fair comparison, stacked matrix Ws using equation (1) and (2) can be re-written in (3) and (4), respectively, as
              (3)
      (4)

Table I. Per layer payload comparison
	
	Type II CSI with CodebookMode =1
	TD based scheme
	FD based scheme

	WB CSI
	Beam group selection
	

	
	L beam selection
	

	
	Strongest beam selection
	

	
	Amplitude quantization 
(3bit)
	(2L-1)*3

	
	Delay parameter quantization
	N/A
	
	N/A

	
	Selection of projection matrix (No oversampling)
	N/A
	N/A
	

	
	Quantization of (3bit)
	N/A
	N/A
	K*(2L-1)*3

	SB
CSI
	Phase quantization (3bit)
	NSB*(2L-1)*3
	N/A
	N/A


As shown in the equation (3) and (4), TD-based approach does not have to report additional matrix  which is main factor for the payload increment in the FD-based approach. Thus, if we reduce K value to 1 and derive corresponding projection matrix, we can consider (3) and (4) can have the same codebook structure. Difference between two schemes are how to derive the projection matrix. Table I lists the required payload for each scheme. Although the total payload for each scheme depends on the configured codebook parameters, TD-based scheme may provide lower payload compared to the FD-scheme as shown in Table I. For instance, if gNB configure16-ports (N1=2, N2=4), L=4, NSB=7, K=4, the total rank 1 payload for Type II CSI, TD-based scheme and FD-based scheme can be 187bits, 82bits and 134bits, respectively, and those of rank 2 can be 334bits, 124bits and 228bits.
Observation 1: TD-based scheme has the payload benefit compared to the FD-based scheme. 

2.4. Performance comparison
In this section, we compare the performance of each schemes. It is assumed that 16-port CSI-RS and medium traffic load. Also, each UE is equipped with 2 Rx antenna ports and maximum rank 2 transmission is considered. Note that for rank 2 transmission of compressed schemes, additional layer orthogonality process such as Gram-Schmidt is applied after determining the codebook parameters. In addition, TD-based scheme consider RB-level frequency domain samples, and assume FFT size is 64. Other simulation assumptions are listed in Annex. 
As shown in the Figure 1, TD-compression method provides 16% and 21% performance gain over Type 1 CSI with codebook mode 1 in terms of mean UE UPT and 5% UE UPT, respectively, in Dense Urban (Macro only, ISD=200m) scenario at medium load condition. Also, TD-based compression method provides 19% and 26% performance gain over Type 1 CSI with codebook mode 1 in terms of mean UE UPT and 5% UE UPT, respectively, in Dense Urban (Macro only) at high load condition. In addition, it is shown that TD compression provides similar mean UE throughput performance compared to conventional Type II CSI with L=4 and Codebook mode=1 while reducing the payload to 33% of conventional Type II CSI. 
Note that results for FD based scheme will be added in the revision of this contribution.
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Figure 1. Performance comparison with various CSI feedback schemes

Observation 2. TD compression provides 16% and 21% performance gain over Type 1 CSI with codebook mode 1 in terms of mean UE UPT and 5% UE UPT, respectively, in Dense Urban (Macro only, ISD=200m) scenario at medium load condition.
Observation 3. TD compression provides 19% and 26% performance gain over Type 1 CSI with codebook mode 1 in terms of mean UE UPT and 5% UE UPT, respectively, in Dense Urban (Macro only, ISD=200m) scenario at high load condition.
Observation 4. TD compression provides compatible mean throughput performance compared to Type 2 CSI with Codebook Mode =1 and L=4 while reducing the payload to 43% of conventional Type II CSI. 
 
Proposal 1. Support TD compression based scheme for overhead reduction of Type II CSI in Rel-16.

3. UE aided Type II CSI triggering
In this subsection, we discuss the UE aided Type II CSI triggering. In order to enhance the MU-MIMO performance, PUSCH based Type II CSI reporting was introduced in NR MIMO Phase 1. However, huge amount of feedback overhead is required at the expense of increased performance gain. In addition to reducing and/or optimizing the size of feedback information itself, we believe reducing unnecessary AP Type II CSI trigger is also important in saving PUSCH overhead. To help gNB trigger Type II CSI report only when RI/PMI is outdated, UE periodically reports CQI and triggering recommendation flag, without RI/PMI. The CQI is calculated based on the last reported AP Type II CSI (i.e., RI/PMI/CQI) so that gNB periodically receives updated CQI based on un-updated RI/PMI. If UE sees the need of updating PMI/CQI based on the latest channel measurement, compared to the last reported Type II CSI, UE reports the need of AP Type II CSI trigger by reporting triggering recommendation flag.
Proposal 2: UE aided Type II CSI triggering should be considered as an overhead reduction method. 


4. Conclusion
In this contribution, we discuss the Type II CSI enhancement in order to efficiently support MU-MIMO. Based on the discussion above, we have following observations and proposals as: 
Observation 1: TD-based scheme has the payload benefit compared to the FD-based scheme. 
Observation 2. TD compression provides 16% and 21% performance gain over Type 1 CSI with codebook mode 1 in terms of mean UE UPT and 5% UE UPT, respectively, in Dense Urban (Macro only, ISD=200m) scenario at medium load condition.
Observation 3. TD compression provides 19% and 26% performance gain over Type 1 CSI with codebook mode 1 in terms of mean UE UPT and 5% UE UPT, respectively, in Dense Urban (Macro only, ISD=200m) scenario at high load condition.
Observation 4. TD compression provides compatible mean throughput performance compared to Type 2 CSI with Codebook Mode =1 and L=4 while reducing the payload to 43% of conventional Type II CSI. 
Proposal 1. Support TD compression based scheme for overhead reduction of Type II CSI in Rel-16.
Proposal 2: UE aided Type II CSI triggering should be considered as an overhead reduction method. 
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Annex
Table A-1. Simulation assumptions 
	Parameters
	Value

	Scenarios 
	Dense Urban (4GHz with 15kHz SCS), ISD=200m and 500m

	BS Tx Power
	41 dBm for ISD=200m, 43dBm for ISD=500m

	BS antenna configurations 
(M,N,P,Mg,Ng,Mp,Np)
	Dense Urban: 16ports=(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	MS antenna configurations 
	2 Rx X-pol (0/+90)

	Etilt angle 
	102 degree 

	System bandwidth 
	10MHz (52RBs) 

	UE attachment 
	Based on RSRP 

	Duplex
	FDD

	UE speed
	3km/h for indoor, 30km/h for outdoor 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (medium ~50% RU, high ~70% RU)

	Receiver
	Non-ideal channel estimation and interference modeling
LMMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms
Feedback delay is 5 ms

	Transmission scheme
	MU-MIMO with rank adaptation 

	Wrapping method
	Geographical distance based

	Metrics
	Average UE throughput, 5% UE throughput.

	Overhead
	PDCCH (2 symbols), TRS (20ms period), DMRS Type 2, NZP CSI-RS for CM, ZP CSI-RS (4Port) for IM, 1 SSB / 20ms
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16-port, Urban Macro (ISD=200m), High Load
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