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1. Introduction
RAN1 #79 meeting[2], phase 1 evaluation results with Rel-12 DL MIMO have been provided by companies.  Further discussion on baseline cases was done in RAN1#79 and the following agreements have been reached. 

· A baseline case

· A baseline is considered to have no specification impact to Rel-12 and providing the best tradeoff among various factors e.g. performance, complexity, overhead, etc achievable using Rel-12 specifications

·  An enhancement case

· An enhancement is considered to have specification impact to Rel-12

· The enhancement case should at least be evaluated against the baseline case, where the comparison should consider not only performance benefits, but also other factors e.g., complexity, overhead, etc.

· Antenna array configuration is given by the parameters {M,N,P,Q}

· Baseline and Enhancement cases assume the same values for M, N, P, Q 

· 1D TXRU virtualization: The total number of associated TXRUs:  Q= MTXRU * N * P according to TXRU model-1 (as defined in RAN1#78bis)

· 2D TXRU virtualization: The total number of TXRUs Q should be described by the proponent

Email discussion after RAN1#79 has been on-going for the companies to share details of the baseline case on the following parameters:

· TXRU virtualization weights (for 1D or 2D virtualization)

· CSI-RS to TXRU virtualization

· CSI-RS port indexing

· Cell association weights and method

· SRS configurations including the number of SRS ports, periodicity, SRS bandwidth

In this contribution, we show some initial results for some of the baseline cases.

2. Baseline cases 
In this section, we show the details of the baseline cases we evaluated in this contribution.  The cases for 16 TXRUs are summarized in table 1 and the cases for 32TXRUs and 64TXRUs are summarized in table 2.
Note that only UMi scenario is considered for the narrow antenna configurations with N=2.  This antenna configuration is only suitable for the scenario with large range of elevation beamforming like UMi.   Performance of these narrow antenna configurations is not good for UMa.  
Table 1.  Baseline cases for 16TXRUs

	Scenario
	UMi
	    UMi
	            UMi and UMa
	                          UMi and UMa

	Antenna array configuration (M, N, P, Q)
	(8,2,2,8)
	(8,2,2,16)
	                (8,4,2,16)
	                              (4,8,2,16)

	TXRU virtualization method
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	TXRU virtualization weights
	length-2  DFT weights with etilt angle 110
	length-4 DFT weights with etilt angle 130
	length-4 DFT weights with etilt angle 110 
	length-4 DFT weights with etilt angle 110

	CSI-RS to TXRU virtualization
	2 CSI processes

1) 4-port H&P-CSI process: 
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2) 2-port V-CSI process: one to one mapping with the  2 TXRUs for the first column with +45 pol
	2 CSI processes

1) 4-port H&P-CSI process: 
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2) 4-port V-CSI process: one to one mapping with the 4 TXRUs for the first column with +45 pol 
	2 CSI processes

1) 8-port H&P-CSI process: 
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2) 2-port V-CSI process: one to one mapping with the 2 TXRUs for the first column with +45 pol
	2 CSI processes
1) 8-port H-CSI process: one port mapping to one TXRU in a row with +45pol
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2) 2-port P-CSI process: two port mapping to the 2 TXRU in the first column with +45/-45 pol


	CSI-RS virtualization weights
	H&P Port virtualization
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	 H&P Port virtualization
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	H&P Port virtualization
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	P Port virtualization
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	CSI-RS port indexing
	1) Port 15-18; Port 15-16 and Port 17-18 is co-polarized, separately. 

2) Port 15-16 for different pol
	1) Port 15-18; Port 15-16 and Port 17-18 are co-polarized, separately. 
2) Port 15-18
	1) Port 15-18; Port 15-16 and Port 17-18 is co-polarized, separately. 
2)  Port 15-22; Port 15-18 and Port 19-22 is co-polarized, 
	1) Port 15-22;
2) Port 15-16 for different pol

	Cell association weights
	CRS port 0 mapped to the 8 TXRUs via [1,exp(jθ),0,0,0,0,0,0]/sqrt(2) 


	CRS port 0 mapped to the 16 TXRUs via [1,exp(j*
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	CRS port 0 mapped to the 32 TXRUs via [1,exp(j*
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	CRS port 0 mapped to the 16 TXRUs via [1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0])
where the non-zero power corresponds to the  first TXRU connected to +45 degree polarized elements

	
	where the non-zero power corresponds to the TXRUs in the first column connected to +45 degree   polarized elements
exp(j*
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	Cell-association method
	RSRP on CRS port 0
	RSRP on CRS port 0
	RSRP on CRS port 0
	RSRP on CRS port 0

	SRS configurations
	2port SRS,10ms periodicity, whole bandwidth
	2port SRS,10ms periodicity, whole bandwidth
	2port SRS,10ms periodicity, whole bandwidth
	2port SRS,10ms periodicity, whole bandwidth


Table 2.  Baseline cases for 32TXRUs
	Scenario
	UMi and UMa
	UMi and UMa
	UMi and UMa

	Antenna array configuration (M, N, P, Q)
	(8,2,2,32)
	(8,4,2,32)
	(4,8,2,32)

	TXRU virtualization method
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	TXRU virtualization weights
	one element to one TXRU mapping, no weight is needed
	length-2 DFT weights with etilt angle 130
	length-2 DFT weights with etilt angle 130

	CSI-RS to TXRU virtualization
	2 CSI processes

1) 4-port H&P-CSI process:


[image: image32.emf]
2) 8-port V-CSI process: one to one mapping with the 8 TXRUs for the first column with +45 pol
	2 CSI processes

1) 8-port H&P-CSI process: 
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2) 4-port V-CSI process: one to one mapping with the 4 TXRUs for the first column with +45 pol 
	2 CSI processes

[image: image55.wmf]1) 8-port H-CSI process: one port mapping to one TXRU in a row with +45pol
[image: image56.wmf]2) 4-port V&P-CSI process: 

4 port mapping to the 4 TXRU 

in the first column with +45/-45 pol

	CSI-RS virtualization weights
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	CSI-RS port indexing
	1) Port 15-18; Port 15-16 and Port 17-18 is co-polarized, separately. 

2)  Port 15-22; Port 15-18 and Port 19-22 is co-polarized,
	1) Port 15-22; Port 15-18 and Port 19-22 is co-polarized, separately.
2) Port 15-18; Port 15-16 and Port 17-18 is co-polarized, separately
	1) Port 15-22, co-polarized;

2) Port 15-18; Port 15-16 and Port 17-18 is co-polarized, separately

	Cell association weights
	CRS port 0 mapped to the 32 TXRUs via [1,exp(j*θ),exp(j*2*θ),… exp(j*7*θ),…0,0]/sqrt(8)
	CRS port 0 mapped to the 32 TXRUs via [1,exp(j*
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),…0,0]/sqrt(4)
	CRS port 0 mapped to the 32 TXRUs via [1,exp(j*θ),…0,0]/sqrt(2)

	
	where the non-zero power corresponds to the TXRUs in the first column connected to +45 degree   polarized elements    exp(j*
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	Cell-association method
	RSRP on CRS port 0
	RSRP on CRS port 0
	RSRP on CRS port 0

	SRS configurations
	2port SRS,10ms periodicity, whole bandwidth
	2port SRS,10ms periodicity, whole bandwidth
	2port SRS,10ms periodicity, whole bandwidth


Table 3.  Baseline cases for 64TXRUs
	Scenario
	UMi and UMa
	UMi and UMa

	Antenna array configuration (M, N, P, Q)
	(8,4,2,64)
	(4,8,2,64)

	TXRU virtualization method
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	TXRU virtualization weights
	one element to one TXRU mapping, no weight is needed
	One element to one TXRU mapping, no weight is needed

	CSI-RS to TXRU virtualization
	2 CSI processes

1) 8-port H&P-CSI process: 
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2) 8-port V-CSI process: one to one mapping with the 8 TXRUs for the first column with +45 pol
	2 CSI processes

[image: image58.wmf]1) 8-port H-CSI process: one port mapping to one TXRU in a row with +45pol
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2) 8-port V&P-CSI process:

8 port mapping to the 8 TXRU 

in the first column with +45/-45 pol

	CSI-RS virtualization weights
	
[image: image47.emf]
	
[image: image48.emf]

	
	
[image: image49.wmf](

)

(

)

(

)

exp*2*1*cos

TXRUtilt

wnjnd

pq

=--



	CSI-RS port indexing
	1) Port 15-22; Port 15-18 and Port 19-22 is co-polarized, separately.
2) Port 15-22; Port 15-18 and Port 19-22 is co-polarized, separately.
	1) Port 15-22;

2) Port 15-22; Port 15-18 and Port 19-22 is co-polarized, separately.

	Cell association weights
	CRS port 0 mapped to the 64 TXRUs via [1,exp(j*
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),…0,0]/sqrt(8)
	CRS port 0 mapped to the 64 TXRUs via [1,exp(j*θ),exp(j*2*θ),exp(j*3*θ),…0,0]/sqrt(4)

	
	where the non-zero power corresponds to the TXRUs in the first column connected to +45 degree   polarized elements    exp(j*
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	Cell-association method
	RSRP on CRS port 0
	RSRP on CRS port 0

	SRS configurations
	2port SRS,10ms periodicity, whole bandwidth
	2port SRS,10ms periodicity, whole bandwidth


3. Evaluation results of baseline cases 
3.1  FTP model 1 with high load
Table 4: Performance of UMi with FTP model 1 with high load, offered load=16Mbps
	Scenario

/Offered Load
	(M,N,P,Q)
	RU
	Mean UPT (Mbps)
	5% UPT 

(Mbps)
	50% UPT (Mbps)

	UMi
with Offered load 

=16Mbps
	(8,4,2,16)
	0.75
	20.37
	3.95
	18.87

	
	(8,4,2,32)
	0.75
	20.46
	3.63
	18.04

	
	(8,4,2,64)
	0.74
	23.30
	2.28
	21.56

	
	(8,2,2,16)
	0.89
	13.73
	1.73
	10.94

	
	(8,2,2,32)
	0.85
	14.64
	2.72
	12.36

	
	(4,8,2,16)
	0.96
	14.95
	1.61
	11.92


Table 5: Performance of UMa ISD 200 with FTP model 1 with high load, offered load=16Mbps
	Scenario

/Offered Load
	(M,N,P,Q)
	RU
	Mean UPT (Mbps)
	5% UPT 

(Mbps)
	50% UPT (Mbps)

	UMa ISD 200m

with Offered load 

=16Mbps
	(8,4,2,16)
	0.79
	17.55
	3.67
	14.47

	
	(8,4,2,32)
	0.82
	14.03
	3.28
	11.90

	
	(8,4,2,64)
	0.85
	13.72
	2.15
	11.52

	
	(8,2,2,16)
	0.95
	8.60
	1.21
	6.77

	
	(8,2,2,32)
	0.93
	8.57
	1.19
	7.05

	
	(4,8,2,16)
	0.97
	13.89
	0.90
	11.59


3.2  FTP model 1 with Medium load
Table 6: Performance of UMi with FTP model 1 with medium load, offered load 12Mbps
	Scenario

/Offered Load
	(M,N,P,Q)
	RU
	Mean UPT (Mbps)
	5% UPT 

(Mbps)
	50% UPT (Mbps)

	UMi
with Offered load 

=12Mbps
	(8,4,2,16)
	0.51
	24.64
	6.75
	22.55

	
	(8,4,2,32)
	0.48
	26.61
	8.21
	25.59

	
	(8,4,2,64)
	0.47
	28.79
	6.41
	28.37

	
	(8,2,2,16)
	0.74
	16.18
	2.72
	13.60

	
	(8,2,2,32)
	0.71
	17.31
	3.19
	14.97

	
	(4,8,2,16)
	0.94
	15.09
	1.09
	11.44


Table 7: Performance of UMa ISD 200 with FTP model 1 with medium load, offered load 12Mbps
	Scenario

/Offered Load
	(M,N,P,Q)
	RU
	Mean UPT (Mbps)
	5% UPT 

(Mbps)
	50% UPT (Mbps)

	UMa ISD 200m

with Offered load 

=12Mbps
	(8,4,2,16)
	0.55
	21.83
	6.47
	19.83

	
	(8,4,2,32)
	0.54
	19.41
	7.14
	17.17

	
	(8,4,2,64)
	0.58
	19.90
	3.83
	17.62

	
	(8,2,2,16)
	0.81
	10.99
	2.14
	9.75

	
	(8,2,2,32)
	0.80
	10.80
	2.29
	10.03

	
	(4,8,2,16)
	0.95
	13.81
	1.26
	11.00


3.3  FTP model 1 with low load

Table 8: Performance of UMi with FTP model 1 with low load, offered load 8Mbps
	Scenario

/Offered Load
	(M,N,P,Q)
	RU
	Mean UPT (Mbps)
	5% UPT 

(Mbps)
	50% UPT (Mbps)

	UMi
with Offered load 

=8Mbps
	(8,4,2,16)
	0.26
	33.66
	13.11
	34.05

	
	(8,4,2,32)
	0.27
	33.75
	13.42
	34.34

	
	(8,4,2,64)
	0.25
	38.55
	16.13
	38.84

	
	(8,2,2,16)
	0.33
	28.43
	9.63
	28.00

	
	(8,2,2,32)
	0.33
	28.78
	9.00
	27.83

	
	(4,8,2,16)
	0.74
	18.60
	2.20
	15.96


Table 9: Performance of UMa ISD 200 with FTP model 1 with low load, offered load 8Mbps
	Scenario

/Offered Load
	(M,N,P,Q)
	RU
	Mean UPT (Mbps)
	5% UPT 

(Mbps)
	50% UPT (Mbps)

	UMa ISD 200m

with Offered load 

=8Mbps
	(8,4,2,16)
	0.27
	30.45
	12.99
	30.03

	
	(8,4,2,32)
	0.31
	26.27
	11.16
	25.02

	
	(8,4,2,64)
	0.28
	30.24
	8.73
	27.21

	
	(8,2,2,16)
	0.41
	18.97
	7.31
	17.12

	
	(8,2,2,32)
	0.43
	18.06
	7.07
	16.13

	
	(4,8,2,16)
	0.75
	17.05
	2.82
	15.33


Tables 4-9 show the evaluation results of some baseline cases under UMi and UMa scenarios with different loadings.  These results are based on the standard transparent scheme with two CSI processes on vertical and horizontal CSI feedback respectively[6].       With this feedback scheme, it can be observed that in some cases having more TXRUs sometimes is not good for the performance.  Kronecker product between vertical and horizontal CSI would become less inaccurate as the number of vertical TXRUs increases.  Inaccuracy on CQI is particularly a problem for this standard transparent approach.   For wide antenna deployment with N=8, it performs worse than N=4 case.  Rel-12 8Tx codebook is optimized for correlated cross-polarized antennas.  Although some codewords also are suitable for single polarized antenna, it can have performance impact if Rel-12 8Tx codebook is simply used on antennas with the same polarization.  Therefore, there is a room for enhancement in order to fully exploit the gain from this antenna configuration.
4. Conclusion

In this contribution,  we show our initial results for the baseline cases.  It serves as the baseline cases for our enhancement cases in [4][5][6][7]. 
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Appendix A
Table A:  Simulation assumptions 
	Parameters
	Assumptions

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

	Channel Model
	3D-UMa-200, 3D-UMi 

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	46dBm 

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 16/32/64Tx cross-polarized antenna

Receiver: 2Rx cross-polarized antenna at UE

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

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2

Ideal channel covariance R 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, File size is 0.5 MByte

High/Medium/Low load case i.e. RU≈20%/50%/70%

	Feedback Assumption
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation, based on IMR for interference measurement
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