
3GPP TSG RAN WG1 Meeting #79
   R1-144629
San Francisco, USA, 17th-21st November, 2014
Source:
CATT
Title:
Performance evaluation of Rel.12 DL MIMO in AAS with 8TXRU
Agenda Item:
6.3.3.2
Document for:
Discussion and Decision
1 Introduction
The study item on elevation beamforming and FD-MIMO was approved in RAN#65 with the following objectives:

· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SID

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models
· Evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) using 3D-UMa and 3D-UMi channel models, taking into account the discussion and findings of the 3D channel model SI.
· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
· Investigate whether additional methods are needed to ensure common channel coverage, cell/point selection and/or RRM measurement reliability.
· Develop design principles for the identified techniques and identify potential specification impact.
The discussion in the RAN1#78bis meeting was primarily focused on the deployment scenario and evaluation assumptions, where the following progress was made. 

· Regarding the deployment scenario, several homogeneous deployment scenarios including 3D UMa 500m ISD, 3D UMi 200m ISD, and 3D UMa 200m ISD were agreed in [2]. Three heterogeneous deployment scenarios were discussed, including separate frequency deployment [3-5], co-channel deployment with EBF/FD-MIMO at small cells [6], and co-channel deployment without EBF/FD-MIMO at small cells [7]. Details on heterogeneous deployments are still under discussion.
· Antenna virtualization modeling regarding the number of antenna elements, antenna spacing and TXRU-to-antenna element mapping was agreed in [8]. Other simulation assumptions were agreed in [2]. 
In the Phase I evaluation RAN1 is tasked to start evaluation of Rel.12 MIMO based standard-transparent MIMO scheme in the AAS setup, namely:

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.
· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. 
In this contribution we present initial Phase I evaluation results in the homogeneous deployment scenario. 

2 Discussion

An (M,N,P) = (8,4,2) antenna configuration is assumed at the eNB according to [2]. The eNB configures an 8-port CSI-RS resource shared by all UEs, where there is a one-to-one mapping between the CSI-RS port and TXRU. 
Each CSI-RS port is uniquely associated with a set of K antenna elements in the vertical domain and L antenna elements in the horizontal domains. An example is given in Fig. 1 for different (K, L) combinations. By adapting the value of (K, L) it is possible to distribute 8Tx CSI-RS antenna ports in vertical/horizontal dimension to enable UE-specific beamforming capability in both dimensions, using the Rel.12 MIMO scheme without any Rel.13 standard enhancements. 

[image: image1.emf]K

L

K

L

K

L

M=8,N=4;

K=8,L=1;

M=8,N=4;

K=4,L=2;

M=8,N=4;

K=2,L=4;



        (a)




     (b)



 
(c)

Fig. 1: Mapping between TXRU (e.g. CSI-RS port) to antenna elements
Denoting a system with (n,m) CSI-RS antenna ports in the vertical and horizontal domain as nVmH, the following Rel.12 MIMO schemes are evaluated. 
· Case 1 (1V8H):  Rel.12 8Tx based single CSI process feedback with 1-D CSI-RS arrangement, where all CSI-RS ports are arranged in a horizontal array. This scheme is mandated in Phase I of the study.
· Port-to-element mapping: Each antenna port is associated with a column of K = 8 vertical antenna elements, and L = 1 horizontal element, depicted in Fig. 1 (a). Hence UE-specific beamforming is restricted in the horizontal domain with 8Tx beamforming. No UE-specific beamforming in the elevation domain is possible, where a cell-specific downtiling angle is assumed for all UEs.
· CSI-RS port indexing: The CSI-RS antenna ports are indexed as in Fig. 2. For illustrative purpose, one antenna element in Fig.2 signifies a set of K co-polarized elements mapped to the same CSI-RS port.
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Fig 2: CSI-RS port indexing for 1V8H CSI-RS distribution (Phase I)
· Case 2 (2V4H): Single CSI process feedback with Rel.12 8Tx codebook, where 2 CSI-RS ports are in the vertical domain, and 4 CSI-RS ports are in the horizontal domain.  
· Port-to-element mapping: Each CSI-RS port is associated with K = 4 antennas in the vertical domain and L = 2 antennas in the horizontal domain, depicted in Fig. 1 (b).  2Tx UE-specific beamforming in the elevation is supported standard-transparently, and 4Tx UE-specific beamforming is enabled in the horizontal domain. 
· CSI-S port indexing: The mapping between the CSI-RS port and the antenna elements, as well as the CSI-RS port indexing, has several options. Specifically, the association between CSI-RS ports to the physical antenna elements could use either Option A or Option B in Fig. 3, to take advantage of the 8Tx codebook design. Other mapping/indexing are also possible, which may further improve the system performance.
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Fig. 3: CSI-RS port indexing for 2V4H CSI-RS distribution
· Case 3 (4V2H):  Single CSI process feedback with 8Tx, where 4 CSI-RS ports are in the vertical domain and 2 CSI-RS ports are in the horizontal domain.  
· Port-to-element mapping: Each CSI-RS antenna port is associated with K = 2 antennas in the vertical domain and L = 4 antennas in the horizontal domain, depicted in Fig. 1 (c). 

· CSI-RS port indexing: Two possible CSI-RS port indexing are provided in Fig. 4, where the CSI-RS ports are first in the horizontal domain and secondly in the vertical domain. One CSI-RS port may be mapped to antenna elements of different polarization, to improve spatial diversity. It’s noted that in Fig.4 only one row of CSI-RS ports are depicted. 
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Fig. 4: CSI-RS port indexing for 4V2H CSI-RS distribution
The TXRU virtualization defines the relation between the signals at the TXRU and the signals at the antenna element.  For each CSI-RS port, the weighting coefficient is defined as 
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3 Simulation results
Evaluation results are provided in this section to demonstrate the performance of Rel.12 based MIMO schemes in the AAS setup. Performance with full-buffer traffic is summarized in Table I-III. From the evaluation results, the following observations can be made:
· In 3D-UMa scenario, 1V8H achieves the best performance in both the cell average SE and cell edge user SE. Compared with 2V4H Option A, there is up to 15% gain in cell average SE. The other cases are much worse than the mentioned two cases. 

· In 3D-UMi and 3D-UMa with ISD=200 scenarios, the case 2V4H Option A achieves the best performance in the cell edge user SE.  Compared with 1V8H, there is more than 10% gain in 3D-UMi scenario. And the cell average SE is similar to that of 1V8H in both scenarios. 

· Compared with 2V4H Option A, the case 2V4H Option B performs worse. The reason is that the weighting coefficients for the L antenna elements in the horizon domain may be not suitable. Design of the weighting coefficients needs to be further studied. 

The above result is caused by the difference UE distribution in the vertical domain. For the 3D-UMi and 3D-UMa with ISD=200 scenarios, there is wider UE distribution in the vertical domain than the 3D-UMa scenario. Therefore the vertical gain will be achieved when adequate CSI-RS ports are arranged in the vertical domain.
Table I: 3D-UMa scenario
	Port/antenna mapping
	SU/MU
	1V8H
	2V4H
	4V2H

	
	
	
	Option A
	Option B
	Option A
	Option B

	Cell edge user SE

(bps/Hz/user)
	SU-MIMO
	0.0604 

(0.0%)
	0.0546 
(-9.7%)
	0.0431
(-28.6%)
	0.0404
(-33.2%)
	0.0188
(-68.9%)

	
	MU-MIMO
	0.0571
(0.0%)
	0.0590
(3.4%)
	0.0424
(-25.8%)
	0.0375
(-34.3%)
	0.0160
(-72.0%)

	Cell avg. SE

(bps/Hz)
	SU-MIMO
	2.37
(0.0%)
	2.01
(-15.2%)
	1.95
(-17.8%)
	1.92
(-19.2%)
	1.77
(-25.2%)

	
	MU-MIMO
	3.34
(0.0%)
	3.07
(-7.94%)
	2.51
(-24.8%)
	2.20
(-34.0%)
	2.19
(-34.6%)


Table II: 3D-UMi scenario
	Port/antenna mapping
	SU/MU
	1V8H
	2V4H
	4V2H

	
	
	
	Option A
	Option B
	Option A
	Option B

	Cell edge user SE

(bps/Hz/user)
	SU-MIMO
	0.0658
(0.0%)
	0.0736
(11.8%)
	0.0671
(2.0%)
	0.0629
(-4.5%)
	0.0453
(-31.2%)

	
	MU-MIMO
	0.0623
(0.0%)
	0.0738
(18.4%)
	0.0521
(-16.5%)
	0.0512
(-17.8%)
	0.0377
(-39.4%)

	Cell avg. SE

(bps/Hz)
	SU-MIMO
	2.42
(0.0%)
	2.24
(-7.3%)
	2.26
(-6.7%)
	2.22
(-8.2%)
	2.11
(-13.0%)

	
	MU-MIMO
	3.42
(0.0%)
	3.68
(7.7%)
	2.94
(-13.9%)
	2.97
(-13.2%)
	3.00
(-12.3%)


Table III: 3D-UMa (200m) scenario
	Port/antenna mapping
	SU/MU
	1V8H
	2V4H
	4V2H

	
	
	
	Option A
	Option B
	Option A
	Option B

	Cell edge user SE

(bps/Hz/user)
	SU-MIMO
	0.0712
(0.0%)
	0.0765
(7.5%)
	0.0605
(-15.0%)
	0.0532
(-25.3%)
	0.0325
(-54.3%)

	
	MU-MIMO
	0.0688
(0.0%)
	0.0717
(4.3%)
	0.0523
(-24.0%)
	0.0472
(-31.4%)
	0.0290
(-57.9%)

	Cell avg. SE

(bps/Hz)
	SU-MIMO
	2.26
(0.0%)
	2.04
(-9.8%)
	1.94
(-14.3%)
	1.89
(-16.5%)
	1.74
(-22.9%)

	
	MU-MIMO
	3.29
(0.0%)
	3.42
(3.9%)
	2.73
(-17.1%)
	2.52
(-23.3%)
	2.45
(-25.6%)


4 Conclusions
In this contribution we presented initial Phase I evaluation results in homogeneous deployment scenario. In addition to the baseline case with 8 TXRU arranged in a horizon array, different CSI-RS port arrangement and indexing schemes are evaluated for performance comparison. Based on the results we have the following observation:
Observations:

· Phase I scheme achieves the best performance in 3D UMa scenario.

· In 3D UMI and 3D UMa scenarios with 200m ISD, CSI-RS arrangement with 2 vertical ports and 4 horizontal ports achieves better performance than Phase I scheme, with up to 18% cell edge throughput gain.
· CSI-RS port indexing/mapping has significant impact on the system performance. For 2V4H CSI-RS arrangement, CSI-RS port indexing/mapping according to Fig. 3A provides the best performance.
Conclusions:
· Phase I scheme in the SID is not necessarily the optimal standard-transparent scheme based on Rel.12 MIMO.
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Appendix
Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.5λ space

	Scenario
	3D-UMa with 500m ISD, 3D-UMi with 200m ISD, and 3D-UMa with 200mISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UEs per cell
	10

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer 

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	PMI/CQI feedback periodicity
	5ms

	RI feedback periodicity
	120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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