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1. Introduction
In Ran1 #85, the following agreements [1] are reached on aggregation of {20, 24, 28, 32} ports for non-prcoded CSI-RS design. Regarding the mechanism for CSI-RS overhead reduction and OCC 8, there is no consensus.
Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 

· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8

· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)

· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 

· If Mk=8 is supported, FFS the details

· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k

· FFS port numbering 

· FFS N vs. M

In this contribution, we give our views on aggregation, port numbering and mechanism for CSI-RS overhead reduction.
2. Mk value
According to last RAN1 agreements, for {24, 32} ports, there are two Alts for down-selection, which are listed in table 1 with the analysis.

Table 1: Feature of schemes for {24, 32} CSI-RS ports
	Item
	Alt1
	Alt2

	Aggregation for 24 ports
	（M,K）=(4,6)
	（M,K）=(8,3)

	Aggregation for 32 ports
	（M,K）=(4,8)
	（M,K）=(8,4)

	UE complexity
	High
	Low

	Compatibility for legacy UE in CDM2
	Compatible with {4,12} ports, not compatible with {8,16} ports
	Compatible with {8,16} ports, not compatible with {12} ports



	Compatibility for legacy UE in CDM4
	Compatible with {4,12} ports, not compatible with {8,16} ports
	Compatible with {8,16} ports, not compatible with {12} ports



	Performance
	Performance loss
	No performance loss


It is seen that the max number of CSI-RS configurations is 8 in Alt 1 and 4 in Alt 2. Hence the signaling overhead and UE complexity of Alt 1 are larger than Alt 2. Moreover, the 4-port configuration is different from 8-port configuration in the following respects: in CDM2 case, they have different RE mapping pattern on the two polarization directions; in CDM4 case they have different RE mapping pattern in an OCC-4 group. These differences make the two Alts have different compatibility for legacy UE. Based on the above discussion, for {24, 32} CSI-RS ports, we prefer Alt 2, which has lower UE complexity and more shared ports for legacy UE.

According to the last RAN1 agreements, for {20, 28} ports, there are two Alts. Alt1 use single type configuration for an aggregation, but the Mk∈{4, 8} should be down-selected. Alt 2 use two-type configurations for an aggregation, which means Mk may be different for different k. These Alts and the analysis are listed in Table 2.
Table 2: Feature of schemes for {20, 28} CSI-RS ports
	Item
	Alt 1-a:
	Alt 1-b：
	Alt 2:

	Aggregation for 20 ports
	(M,K)=(4,5)
	(M,K)-4 = (8,3)-4
	(M1,K1)+( M2,K2) = (8,2)+(4,1)
K=K1+K2

	Aggregation for 28 ports
	(M,K)=(4,7)
	(M,K)-4 = (8,4)-4
	(M1,K1)+( M2,K2) = (8,3)+(4,1)
K=K1+K2

	UE complexity
	High
	Low
	Low

	Compatibility for legacy UE in CDM2
	Compatible with {4,12} ports, not compatible with {8,16} ports
	Compatible with {8,16} ports, not compatible with {12} ports


	Compatible with {8,16} ports, not compatible with {12} ports



	Compatibility for legacy UE in CDM4
	Compatible with {4,12} ports, not compatible with {8,16} ports
	Compatible with {8,16} ports, not compatible with {12} ports


	Compatible with {8,16} ports, not compatible with {12} ports



	Wasted RE number
	0
	4 RE/PRB pair
	0

	Performance
	Performance loss
	No performance loss
	No performance loss


In Alt 1-a, there is a single type of unit in an aggregation, which is CSI-RS configuration with 4 ports.
In Alt 1-b, there is a single type of unit in an aggregation, which is CSI-RS configuration with 8 ports. For example, for 20 ports, 3 CSI-RS configurations with 8 ports are in aggregation, and only 20 ports after aggregating are used to transmit CSI-RS, which means 4 REs in the aggregation are not used.
In Alt 2, there are two types of units in an aggregation, one is CSI-RS configuration with 4 ports, and the other is CSI-RS configuration with 8 ports. For example, for 20 ports, 2 CSI-RS configurations with 8 ports and 1 CSI-RS configurations with 4 ports are aggregated. In Alt 1-b or Alt 2, the maximum number of units in aggregation is to 4,  which means UE has lower complexity compared with Alt 1-a. We can reuse the ports from 20 or 28 port CSI-RS for 16-port CSI-RS operation and 8-port CSI-RS operation for legacy UEs for CDM2 or CDM4. Compared with Alt 1-b, we prefer Alt 2, as Alt 2 has more flexibility to configure the CSI-RS configuration with 4 ports, while Alt 1-b has no flexibility to point out the left 4 ports without additional signalling.
Proposal 1: For {24, 32} CSI-RS ports, use Mk=8. For {20,28} CSI-RS ports, use two types of units in an aggregation, where one is CSI-RS configuration with 4 ports, and the other is CSI-RS configuration with 8 ports.
3. Port numbering
Based on the above analysis on aggregation, port numbering schemes should support the use of cross polarization antenna array and enable port sharing with legacy UE.
For CDM2

In CDM2 case, the legacy method is that the first half ports in each configuration are mapped to the first half ports in aggregation, and the second half ports in each configuration to the second half ports in aggregation. This method can also be used for {20, 24, 28, 32} ports, with small modifications to support different Mk for k-th configuration in an aggregation. The following gives the port numbering.
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Proposal 2: In CDM2 case, the legacy port numbering method in R13 can be reused for {20, 24, 28, 32} ports, with small modifications to support different Mk for k-th configuration in an aggregation.
For CDM4
In CDM4 case, the legacy method is that ports in each configuration are mapped to ports in aggregation in sequence. If we adopt the same approach for {20, 24, 28} ports, taking 28 ports as example, Fig 1a shows that no pair of configurations with 8 ports has the same positions to aggregate 16 ports in cross polarized antennas and Fig 1b shows that it’s impossible to use three configurations with 4 ports with the same positions to aggregate 12 ports in cross-polarized antennas. Hence the legacy approach is not compatible for legacy UE in CDM4 in the case of {20, 24, 28} ports. 
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Fig 1a:  legacy method of port numbering for 28 ports with different Mk

[image: image4.emf]A_15

A_16

A_17

A_18

A_19

A_20

A_21

A_22

A_23

A_24

A_25

A_26

A_27

A_28

A_29

A_30 A_32

A_31

A_34

A_33

A_36

A_35

A_38

A_37

A_40

A_39

A_42

A_41

C0_15

C0_16

C0_17

C0_18

C2_15

C2_16

C2_17

C2_18

C3_15

C3_16

C3_18

C3_17 C4_15

C4_16

C4_17

C4_18

C6_15

C6_16

C6_17

C6_18

The 0-th CSI-RS resource 

configuration

The 4th CSI-RS resource 

configuration

The 6th CSI-RS resource 

configuration

The 1st part of the 3rd CSI-RS 

resource configuration

The 2nd part of the 3rd CSI-RS 

resource configuration

The 1st CSI-RS resource 

configuration

C1_15

C1_16

C1_17

C1_18

The 2nd CSI-RS resource 

configuration

The 5th CSI-RS resource 

configuration

C5_15

C5_16

C5_17

C5_18


Fig 1b:  legacy method of port numbering for 28 ports with Mk=4
Fig 2 shows a modified method, which keep configuration balanced between the two directions of polarization. In Fig 2, the 0-th configuration and the 1st are in the same direction of polarization, the 2nd configuration is in two directions of polarization as well as the 3rd configuration, which means that the 0-th configuration and the 1st can be aggregated to 16 ports for legacy UE. Detail mapping are in Appendix A.
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Fig 2:  modified method of port numbering for 28 ports 

Proposal 3: In CDM4 case, the legacy port numbering method in R13 can be reused for 32 ports; the numbering method for {20, 24, 28} ports should keep configuration balance between the two directions of polarization.
4. Overhead Reduction
In Ran1#85 meeting, we propose a scheme of two-group configuration to reduce the NP CSI-RS overhead [2]. Specifically, the CSI-RS resource is aggregated with two groups of CSI-RS configurations, and each group of CSI-RS configurations can have different parameters, which can be per-port CSI-RS density. Table 4 gives the analysis for three existed schemes for per-port CSI-RS density. Scheme 1 is 1RE/RB/port, Scheme 2 is FDM with 0.5RE/RB/port, and Scheme 3 is the two-group configuration. The compatibility and reuse factor are also analyzed in Table 4. Take the case of 24 ports as an example. Scheme 1 is compatible with {8, 16} ports while reuse factor equal to 1, Scheme 2 isn’t compatible with {8, 16} ports with reuse factor 3, and Scheme 3 is compatible with {8, 16} ports with reuse factor 2. Based on the analysis, Scheme 3 has more flexibility, with compatibility for legacy UE and increasing reuse factor compared to Scheme 1.
Table 4 Analysis of flexibility for three Schemes
	Item
	Scheme 1
	Scheme 2
	Scheme 3

	CSI-RS density
	1RE/RB/port
	0.5RE/RB/port
	Group1(1RE/RB/port)

Port:15~22,27~34
	Group2 (0.5RE/RB/port)

Port:23~26,35~38

	CSI-RS RE number per RB
	24
	12
	20

	Reuse Factor
	1
	3
	2

	Compatibility for legacy UE
	compatible with {8,16} ports
	not compatible
	compatible with {8,16} ports


The simulation results are provided in Table 5 with the three schemes for the case of 24 CSI-RS ports. With channel interpolation (i.e. between adjacent PRBs), Scheme 2 has less than 3% degradation on 5% UPT and less than 3% performance gain on 50% UPT for RU20 and RU50, and has less than 3%  performance gain on 5% UPT and 2%  performance gain on 50% UPT for RU70. Scheme 3 has the similar performance with Scheme 2. Thus the simulation results show that the three schemes have almost similar performance. 
Table 5: FTP1 simulation results with different CSI-RS schemes
	RU%
	Item
	Scheme 1
	Scheme 2
	Scheme 3

	20
	λ
	2
	2
	2

	
	RU%
	18
	18
	18

	
	5% UPT (Mbps)
	16.26
	15.81(-2.77%)
	16.13(-0.80%)

	
	50% UPT (Mbps)
	42.11
	43.01(2.13%)
	43.96(4.39%)

	
	Mean UPT (Mbps)
	38.73
	39.76(2.66%)
	39.39(1.70%)

	50
	λ
	4
	4
	4

	
	RU
	48
	47
	47

	
	5% UPT (Mbps)
	6.06
	5.87(-3.13%)
	5.86(-3.3%)

	
	50% UPT (Mbps)
	23.95
	24.24(1.2%)
	23.95(0%)

	
	Mean UPT (Mbps)
	26.99
	28.08(4.04%)
	27.39(1.48%)

	70
	λ
	4.5
	4.5
	4.5

	
	RU
	67
	67
	67

	
	5% UPT (Mbps)
	3.00
	3.09(3.00%)
	3.06(2.00%)

	
	50% UPT (Mbps)
	15.81
	16.00(1.20%)
	15.83(0.1%)

	
	Mean UPT (Mbps)
	20.30
	20.89(2.91%)
	20.57(1.33%)


Based on the analysis in Table 4 and simulation results in Table 5, we can conclude that the performance of the three schemes is similar while Scheme 3 has more flexibility, with compatibility for legacy UE and increasing reuse factor compared to Scheme 1. Hence we have the following proposal.
Proposal 4: The scheme of two-group configuration should be used for overhead reduction, with which a CSI-RS resource is aggregated with two group of CSI-RS configurations, each group of CSI-RS configurations can have different parameters.
5. Conclusion

In this contribution, we discuss Mk values, port numbering and overhead reduction for NP CSI-RS design of up to 32 ports and we have the following proposals:
Proposal 1: For {24, 32} CSI-RS ports, use Mk=8. For {20,28} CSI-RS ports, use two types of units in an aggregation, where one is CSI-RS configuration with 4 ports, and the other is CSI-RS configuration with 8 ports.
Proposal 2: In CDM2 case, the legacy port numbering method in R13 can be reused for {20, 24, 28, 32} ports, with small modifications to support different Mk for k-th configuration in an aggregation.
Proposal 3: In CDM4 case, the legacy port numbering method in R13 can be reused for 32 ports; the numbering method for {20, 24, 28} ports should keep configuration balance between the two directions of polarization.
Proposal 4: The scheme of two-group configuration should be used for overhead reduction, with which a CSI-RS resource is aggregated with two group of CSI-RS configurations, each group of CSI-RS configurations can have different parameters.
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Appendix A 
Table A.1: Port numbering for 20 ports in CDM4 case
	
	
	Polar angle：-45 degree
	
	
	Polar angle：+45 degree

	i=0
	 p’
	15
	16
	17
	18
	i=1
	 p’
	15
	16
	17
	18

	
	p
	15
	16
	17
	18
	
	p
	25
	26
	27
	28

	
	 p’
	19
	20
	21
	22
	
	 p’
	19
	20
	21
	22

	
	p
	19
	20
	21
	22
	
	p
	29
	30
	31
	32

	i=2
	 p’
	15
	16
	
	
	i=2
	 p’
	17
	18
	
	

	
	p
	23
	24
	
	
	
	p
	33
	34
	
	


Table A.2: Port numbering for 24 ports in CDM4 case

	
	
	Polar angle：-45 degree
	
	
	Polar angle：+45 degree

	i=0
	 p’
	15
	16
	17
	18
	i=1
	 p’
	15
	16
	17
	18

	
	p
	15
	16
	17
	18
	
	p
	29
	30
	31
	32

	
	 p’
	19
	20
	21
	22
	
	 p’
	19
	20
	21
	22

	
	p
	19
	20
	21
	22
	
	p
	33
	34
	35
	36

	i=2
	 p’
	15
	16
	17
	18
	i=2
	 p’
	19
	20
	21
	22

	
	p
	23
	24
	25
	26
	
	p
	37
	38
	39
	40


Table A.3: Port numbering for 28 ports in CDM4 case
	
	
	Polar angle：-45 degree
	
	
	Polar angle：+45 degree

	i=0
	 p’
	15
	16
	17
	18
	i=1
	 p’
	15
	16
	17
	18

	
	p
	15
	16
	17
	18
	
	p
	29
	30
	31
	32

	
	 p’
	19
	20
	21
	22
	
	 p’
	19
	20
	21
	22

	
	p
	19
	20
	21
	22
	
	p
	33
	34
	35
	36

	i=2
	 p’
	15
	16
	17
	18
	i=2
	 p’
	19
	20
	21
	22

	
	p
	23
	24
	25
	26
	
	p
	37
	38
	39
	40

	i=3
	 p’
	15
	16
	
	
	i=3
	 p’
	17
	18
	
	

	
	p
	27
	28
	
	
	
	p
	41
	42
	
	


Table A.4: Port numbering for 32 ports in CDM4 case
	
	
	Polar angle：-45 degree
	
	
	Polar angle：+45 degree

	i=0
	 p’
	15
	16
	17
	18
	i=2
	 p’
	15
	16
	17
	18

	
	p
	15
	16
	17
	18
	
	p
	31
	32
	33
	34

	
	 p’
	19
	20
	21
	22
	
	 p’
	19
	20
	21
	22

	
	p
	19
	20
	21
	22
	
	p
	35
	36
	37
	38

	i=1
	 p’
	15
	16
	17
	18
	i=3
	 p’
	15
	16
	17
	18

	
	p
	23
	24
	25
	26
	
	p
	39
	40
	41
	42

	
	 p’
	19
	20
	21
	22
	
	 p’
	19
	20
	21
	22

	
	p
	27
	28
	29
	30
	
	p
	43
	44
	45
	46


Appendix B 

Table B.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: (M, N, P, Q) = (8, 6, 2, 24)
Receiver: 2Rx cross-polarized antenna at UE

	Downtilt 
	3D UMI: 100°

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-13 enhanced CSI feedback, PUSCH mode 3-2, 

PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes (low ~20%RU, medium ~50% RU, high ~70%RU)

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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