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1. Introduction
In RAN1#85, the following agreement about advanced CSI was made [1].
Agreements:
· Advanced CSI
· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:
· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 
· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantisation or channel quantisation or channel covariance matrix quantisation
· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
· Also, interference measurement enhancement can be considered 
This contribution proposes an enhancement on CSI reporting based on explicit feedback, which belongs to the 2nd category (highlighted) in the agreement. In particular, linear combination (LC) based explicit feedback framework is proposed to report a form of DL channel explicitly. Simulation results are provided to show performance of the proposed explicit feedback scheme.
2. Linear Combination Based Explicit Feedback


[bookmark: _Ref446407979][bookmark: _Ref446935097]Figure 1: LC based explicit feedback framework
In Figure 1, an LC based explicit CSI feedback framework is proposed in which a form of the DL channel is reported using a double codebook for explicit feedback: W = W1W2, where 
· W1 codebook is for WB and long-term basis vectors  feedback, 
· W2 codebook is for SB and short-term LC coefficients  feedback, and
·  is the size of the basis vector set.
A few examples of the forms of DL channel and their LC representations are as follows: 
· Channel: For a subcarrier k in SB f, the DL channel is represented as ;
· Covariance matrix: For SB f, the covariance matrix is represented as and
· Eigenvector: For SB f, the dominant eigenvector of the covariance matrix  is represented as .
For W1 codebook, the Rel. 13 Class A codebook framework can be re-used with the following two alternatives for the basis vectors (as shown in Table 1):
· (Alt 0) L = 4: Config = 2, 3, and 4 of Rel. 13 Class A codebook; and
· (Alt 1) L = 8: (4, 2), where 1st dimension is the longer dimension.
[bookmark: _Ref446404226]Table 1: Beam groups
	Number of beams (L)
	Config
	Beam group

	4 (Alt0)
	2
	


	
	3
	


	
	4
	


	8 (Alt1)
	-
	



The W2 codebook has two components: 
· Co-phase : co-phase belonging to {1,j,-1,-j} for each of for L beams. 
· Coefficients : The unquantized LC coefficients can be obtained as the least-square solution to minimize the squared error. For example, for eigenvector feedback, the unquantized coefficients are  The resultant solution is obtained by pre-multiplying the dominant eigenvector  with the pseudo-inverse of the basis vector set, i.e.,  where  is basis matrix in which columns are basis vectors. 
Proposal 1: For advanced CSI reporting, consider explicit reporting of a form of DL channel using a LC framework, where
· the form of DL channel can be DL channel itself or covariance matrix or eigenvectors; and
· the LC framework corresponds to a double codebook for explicit feedback: W1W2
· W1 codebook is for the WB selection of L basis vectors and is based on Rel. 13 Class A codebook framework with the following two alternatives for the L basis vectors (Table 1)
· (Alt 0) L = 4: Config = 2, 3, and 4 of Rel. 13 Class A codebook; and
· (Alt 1) L = 8: (4, 2), where 1st dimension is the longer dimension.
· W2 codebook is for SB co-phase and coefficient selection for the selected L basis vectors, where
· Co-phase values are selected from {1,j,-1,-j}.
· Coefficients are selected to quantize LC coefficients, e.g., to minimize squared error.
The proposed LC based explicit feedback scheme can also be applied to enhance Class B, K ≥ 1 CSI reporting. For instance, for K = 1 and P beam-formed ports, the UE can report explicit CSI, which represents P-port beam-formed channel using the proposed scheme. Similarly, the proposal is applicable to enhance hybrid CSI reporting scheme in which two types of CSI-RS resources, for example non-precoded and beamformed CSI-RS, are associated with two eMIMO-Types. One or both of the two reported CSIs can be the proposed LC based explicit CSI. 
Observation 1: Proposal 1 can be extended to Class B and hybrid CSI enhancement in which at least one of the reported CSIs indicates LC based explicit CSI. 
In the proposed explicit CSI feedback scheme, the reported CSI comprises of the following components:
· 1st PMI (i1,1, i1,2): indicating L beams or basis vectors, similar to Rel. 13 Class A codebook;  
· 2nd PMI i2: indicating
· co-phase for the L selected beams from the QPSK codebook {i,j,-1,-j}, and
· LC coefficients to combine the beams; 
· (Optional) CQI: indicating dominant eigenvalues; and
· (Optional) RI: indicating the preferred rank.
Proposal 2: The explicit CSI report includes the following components:
· 1st PMI (i1,1, i1,2) indicating L beams or basis vectors, similar to Rel. 13 Class A codebook;
· 2nd PMI i2 indicating QPSK co-phase and coefficients for the L selected beams; and 
· (optional) CQI and RI.
3. Simulation Results
To demonstrate the performance of the proposed LC based explicit feedback scheme, simulation-level simulation results are provided for the following alternatives to represent the dominant eigenvector of the DL channel:
· L = 4: Config 2
· L = 4: Config 3
· L = 8: (4,2) beam group.
For co-phase, QPSK codebook is assumed and results are provided for unquantized coefficients. The first PMI (i1,1, i1,2) reporting overhead is the same for all schemes. The second PMI i2 reporting overhead is according to Table 2 where K is the number of bits to represent each coefficient.
[bookmark: _Ref447033931]Table 2: i2 reporting overhead
	L
	Beam group
	Co-phase (#bits)
	Coefficients (#bits)
	Total (#bits)

	4
	Config 2
	8
	4K
	8 + 4K

	
	Config 3
	
	
	

	8
	(4,2)
	16
	8K
	16 + 8K


The non-full-buffer system-level evaluation is carried out for UMa-200m and UMi-2GHz channel models in heavy (70% target RU) traffic loading scenarios. The detailed results can be found in Table 4 and Table 5 in the Appendix. The results are provided for 16 and 32 antenna ports with (N1,N2) = (4,2) and (N1,N2) = (4,4), respectively. Here, we assume that the first dimension is horizontal and the second dimension is vertical. The downtilt angles in the elevation domain are chosen according to [2]. In these simulations, full-port non-precoded CSI-RS is used for CSI estimation, and the corresponding CSI-RS overhead is taken into account in the final throughput calculation. Cell association antenna pattern is approximated by one-TXRU pattern, and proportional fair scheduling (max 4 layers per time-frequency resource) have been used. For MU-MIMO, SLNR precoding is considered. The relevant simulation parameters are enlisted in Table 3. The rest of the simulation assumption is according to [2]. For comparison, performance results for Class A, Config 2, 3, and 4 based implicit CSI feedback, LC codebook proposed in [3], and ideal CSI feedback in which dominant eigenvector is assumed to be known at eNB are also provided. The performance gains with “Class A Config 2 based implicit scheme” as reference are summarized in Figure 2 - Figure 5.






	

[bookmark: _Ref447193894]Figure 2: (N1,N2) = (2,4), UMa-200m

Figure 3: (N1,N2) = (2,4), UMi-2GHz

Figure 4: (N1,N2) = (4,4), UMa-200m


[bookmark: _Ref450844573]Figure 5: (N1,N2) = (4,4), UMi-2GHz






	

From the SLS results, we can make the following observation.
Observation 2: From the SLS results, we can make the following observation:
· Proposed explicit feedback scheme shows significant gain over implicit scheme and reduces gap towards ideal CSI: ~3-4% gap in avg. UPT; and ~10-15% gap in 5% UPT
· L = 8 shows significant performance gain over L = 4.
· Performance gain is maintained on increasing the number of ports from 16 to 32.
4. [bookmark: _GoBack]Conclusion
This document proposes an LC based explicit CSI feedback. The proposals and observations made can be summarized as follows.
Proposal 1: For advanced CSI reporting, consider explicit reporting of a form of DL channel using a LC framework, where
· the form of DL channel can be DL channel itself or covariance matrix or eigenvectors; and
· the LC framework corresponds to a double codebook for explicit feedback: W1W2
· W1 codebook is for the WB selection of L basis vectors and is based on Rel. 13 Class A codebook framework with the following two alternatives for the L basis vectors (Table 1)
· (Alt 0) L = 4: Config = 2, 3, and 4 of Rel. 13 Class A codebook; and
· (Alt 1) L = 8: (4, 2), where 1st dimension is the longer dimension.
· W2 codebook is for SB co-phase and coefficient selection for the selected L basis vectors, where
· Co-phase values are selected from {1,j,-1,-j}.
· Coefficients are selected to quantize LC coefficients, e.g., to minimize squared error.
Observation 1: Proposal 1 can be extended to Class B and hybrid CSI enhancement in which at least one of the reported CSIs indicates LC based explicit CSI. 
Proposal 2: The explicit CSI report includes the following components:
· 1st PMI (i1,1, i1,2) indicating L beams or basis vectors, similar to Rel. 13 Class A codebook;
· 2nd PMI i2 indicating QPSK co-phase and coefficients for the L selected beams; and 
· (optional) CQI and RI.
Observation 2: From the SLS results, we can make the following observation:
· Proposed explicit feedback scheme shows significant gain over implicit scheme and reduces gap towards ideal CSI: ~3-4% gap in avg. UPT; and ~10-15% gap in 5% UPT
· L = 8 shows significant performance gain over L = 4.
· Performance gain is maintained on increasing the number of ports from 16 to 32.
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Appendix: Simulation Assumptions and Results
[bookmark: _Ref450753651]Table 3: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Heavy load 70% Target RU, Lambda = 4)

	Channel model
	UMi-2GHz, UMa-200m

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P)
	16, 32 ports: (4,2,2), (4,4,2)

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	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

	Explicit CSI schemes
	LC: Rel. 13 Class A W1 codebook as framework
4 beams: Config 2,3
8 beams: (4,2) beam group
Co-phase: QPSK
Coefficient: Unquantized
For comparison: ideal CSI, Class A, LC Codebook [3]


[bookmark: _Ref450753763]Table 4: Non-full buffer simulation results for 16 ports
	Channel
	Scheme
	RU
	Avg UPT
	50% UPT
	5% UPT
	Avg UPT gain
	50% UPT gain
	5% UPT gain

	UMa-200m
	Class A, Config 2
	57.4%
	17.29
	17.43
	5.78
	100.0%
	100.0%
	100.0%

	
	Class A, Config 3
	57.6%
	17.20
	17.24
	5.78
	99.5%
	98.9%
	99.9%

	
	LC CB, Config 2
	53.2%
	19.42
	20.00
	8.00
	112.3%
	114.8%
	138.4%

	
	LC CB, Config 3
	53.2%
	19.41
	20.20
	8.10
	112.3%
	115.9%
	140.1%

	
	LC exp, Config 2
	51.9%
	20.17
	21.20
	8.85
	116.6%
	121.6%
	153.1%

	
	LC exp, Config 3
	51.8%
	20.17
	21.33
	8.93
	116.7%
	122.4%
	154.5%

	
	LC exp, (4,2) beam group
	50.3%
	21.09
	22.47
	10.06
	122.0%
	128.9%
	173.9%

	
	Ideal
	49.8%
	21.59
	22.99
	10.97
	124.9%
	131.9%
	189.8%

	UMi-2GHz
	Class A, Config 2
	58.6%
	17.46
	17.58
	6.53
	100.0%
	100.0%
	100.0%

	
	Class A, Config 3
	58.9%
	17.37
	17.49
	6.49
	99.5%
	99.5%
	99.4%

	
	LC CB, Config 2
	54.6%
	19.64
	20.62
	8.19
	112.5%
	117.3%
	125.5%

	
	LC CB, Config 3
	54.6%
	19.64
	20.62
	8.29
	112.5%
	117.3%
	127.1%

	
	LC exp, Config 2
	52.9%
	20.51
	21.86
	9.17
	117.4%
	124.3%
	140.5%

	
	LC exp, Config 3
	52.8%
	20.53
	21.72
	9.37
	117.5%
	123.6%
	143.5%

	
	LC exp, (4,2) beam group
	51.3%
	21.41
	22.86
	10.41
	122.6%
	130.0%
	159.4%

	
	Ideal
	50.6%
	21.95
	23.53
	11.05
	125.7%
	133.8%
	169.4%


[bookmark: _Ref450831688]Table 5: Non-full buffer simulation results for 32 ports
	Channel
	Scheme
	RU
	Avg UPT
	50% UPT
	5% UPT
	Avg UPT gain
	50% UPT gain
	5% UPT gain

	UMa-200m
	Class A, Config 2
	55.8%
	18.40
	18.78
	7.04
	100.0%
	100.0%
	100.0%

	
	Class A, Config 3
	55.7%
	18.35
	18.69
	7.12
	99.7%
	99.5%
	101.1%

	
	LC CB, Config 2
	52.2%
	20.23
	21.28
	9.01
	110.0%
	113.3%
	127.9%

	
	LC CB, Config 3
	52.1%
	20.21
	21.28
	8.88
	109.8%
	113.3%
	126.1%

	
	LC exp, Config 2
	50.9%
	20.91
	22.22
	10.03
	113.7%
	118.3%
	142.4%

	
	LC exp, Config 3
	50.8%
	20.92
	22.10
	10.15
	113.7%
	117.7%
	144.2%

	
	LC exp, (4,2) beam group
	49.6%
	21.63
	23.12
	10.99
	117.6%
	123.1%
	156.1%

	
	Ideal
	48.6%
	22.30
	24.10
	11.94
	121.2%
	128.3%
	169.5%

	UMi-2GHz
	Class A, Config 2
	55.4%
	19.03
	19.75
	7.89
	100.0%
	100.0%
	100.0%

	
	Class A, Config 3
	55.4%
	19.00
	19.70
	8.05
	99.9%
	99.8%
	102.0%

	
	LC CB, Config 2
	52.3%
	20.85
	22.10
	9.96
	109.6%
	111.9%
	126.3%

	
	LC CB, Config 3
	52.2%
	20.85
	22.22
	9.99
	109.6%
	112.5%
	126.6%

	
	LC exp, Config 2
	51.1%
	21.52
	22.92
	10.72
	113.1%
	116.1%
	136.0%

	
	LC exp, Config 3
	51.0%
	21.57
	22.99
	10.79
	113.3%
	116.4%
	136.9%

	
	LC exp, (4,2) beam group
	49.9%
	22.24
	23.67
	11.80
	116.9%
	119.8%
	149.6%

	
	Ideal
	49.0%
	22.95
	24.92
	12.90
	120.6%
	126.2%
	163.6%



Config 2, Class A	Avg UPT	5% UPT	1	1	Config 3, Class A	Avg UPT	5% UPT	0.99479407681628873	0.99930807818716494	Config 2, LC CB	Avg UPT	5% UPT	1.1232646922720964	1.3838436256702993	Config 3, LC CB	Avg UPT	5% UPT	1.1225127255900045	1.4006227296315517	Config 2, LC explicit	Avg UPT	5% UPT	1.1664160111059694	1.5312229718041863	Config 3, LC explicit	Avg UPT	5% UPT	1.1665895418787597	1.5447154471544715	(4,2) beam group	Avg UPT	5% UPT	1.219921332716335	1.7393184570143574	Ideal	Avg UPT	5% UPT	1.2490166589541878	1.8981145130600245	



Config 2, Class A	Avg UPT	5% UPT	1	1	Config 3, Class A	Avg UPT	5% UPT	0.99473141679074573	0.99433037082439479	Config 2, LC CB	Avg UPT	5% UPT	1.124785247967014	1.2548268464603127	Config 3, LC CB	Avg UPT	5% UPT	1.1246134463406254	1.27060986821943	Config 2, LC explicit	Avg UPT	5% UPT	1.1744931852021532	1.4054551026662583	Config 3, LC explicit	Avg UPT	5% UPT	1.1754094605428931	1.4354888139748698	(4,2) beam group	Avg UPT	5% UPT	1.2262627419539571	1.5943916641127795	Ideal	Avg UPT	5% UPT	1.256843431451151	1.6938400245173155	



Config 2, Class A	Avg UPT	5% UPT	1	1	Config 3, Class A	Avg UPT	5% UPT	0.99717345219329245	1.010790856169246	Config 2, LC CB	Avg UPT	5% UPT	1.0995270968092625	1.2791424109044442	Config 3, LC CB	Avg UPT	5% UPT	1.0984943197260424	1.2612523072554307	Config 2, LC explicit	Avg UPT	5% UPT	1.1366527151165953	1.4235411046429078	Config 3, LC explicit	Avg UPT	5% UPT	1.1370875686253195	1.4417151781911117	(4,2) beam group	Avg UPT	5% UPT	1.175517747458825	1.5605565810024136	Ideal	Avg UPT	5% UPT	1.2121541555688429	1.6945903734204175	



Config 2, Class A	Avg UPT	5% UPT	1	1	Config 3, Class A	Avg UPT	5% UPT	0.99858111303799457	1.0204159269591682	Config 2, LC CB	Avg UPT	5% UPT	1.0955383887750276	1.2628709104742581	Config 3, LC CB	Avg UPT	5% UPT	1.0958011456198433	1.2664215064671569	Config 2, LC explicit	Avg UPT	5% UPT	1.1308003573493091	1.3597514582804973	Config 3, LC explicit	Avg UPT	5% UPT	1.1332702716905776	1.3687547552624906	(4,2) beam group	Avg UPT	5% UPT	1.1686373430027852	1.4964494040071012	Ideal	Avg UPT	5% UPT	1.20594881496663	1.6363175247273649	



image2.emf
1

0

0123


oleObject2.bin
1


0


0


1


2


3



image3.emf
1

0

0123


oleObject3.bin
1


0


0


1


2


3



image4.emf
1

0

0123


oleObject4.bin
1


0


0


1


2


3



image5.emf
1

0

0123


oleObject5.bin
1


0


0


1


2


3



image1.emf
W1

W2

c

0

c

1

.

.

.

c

L-1

b

0

, b

1

,..., b

L-1

Coefficients

Basis Vectors Master Basis Set

1

0

L

ll

l

c







b


oleObject1.bin
Basis Vectors



