


[bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG-RAN WG1#84bis	R1-163084
Busan, Korea, 11-15 April, 2016

Source:	Ericsson
[bookmark: Title]Title:	Parameterization and CSI reporting for up to 32 port FD-MIMO
[bookmark: Source]Agenda Item:	7.3.3.2.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
The following areas were identified in the  eFD-MIMO WID for further enhancements of FD-MIMO in Rel-14 [1].
· Extend specification support for CSI reporting in the following areas [RAN1]
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded
In this contribution, we discuss how to support 1D and 2D antenna port layouts with 20, 24, 28 and 32 non-precoded CSI-RS ports and the corresponding codebook designs.
[bookmark: _Ref426729914]Port Layouts for 20, 24, 28 and 32 Ports
The possible port layouts for 20, 24, 28 and 32 ports are summarized in Table 1 below.  Although there are 15 port layouts, we don’t see any technical issues in supporting all these port layouts. The Rel-13 codebooks can be extended straightforwardly by including additional entries for (N1, N2), at least for SU-MIMO. The oversampling factor restriction of two (O1, O2)  combinations per each port layout as defined in Rel-13 can be similarly applied to the new antenna port layouts as shown in Table 1.   
[bookmark: _Ref447097992]Table 1:  Antenna port layout with 20,24,28 and 32 ports
	 
	N1
	N2
	(O1, O2)

	20 ports
	5
	2
	(8,4), (8,8)

	
	2
	5
	(8,4), (4,4)

	
	10
	1
	(4,-),(8,-)

	24 ports
	4
	3
	(8,4), (8,8)

	
	3
	4
	(8,4), (4,4)

	
	6
	2
	(8,4), (8,8)

	
	2
	6
	(8,4), (4,4)

	
	12
	1
	(4,-),(8,-)

	28 ports
	7
	2
	(8,4), (8,8)

	
	2
	7
	(8,4), (4,4)

	
	14
	1
	(4,-),(8,-)

	32 ports
	8
	2
	(8,4), (8,8)

	
	2
	8
	(8,4), (4,4)

	
	4
	4
	(4,4), (8,8)

	
	16
	1
	(4,-),(8,-)



From a performance perspective, we think that 1D port layouts should be supported for each of the 20/24/28/32 antenna ports.  This is because, for a given number of antenna ports, a 1D port layout in horizontal direction always performs better than a 2D port layout under 3D UMa. 
Table 2 shows a performance comparison between 1x16 and 4x4 port layouts with 32 ports under 3D UMa. The baseline system has 16 antenna ports with 1x8 port layout.   The Rel-13 Config 1 codebook is extended to 32 ports and was used for 1x16 and 4x4 antenna layouts.  It can be seen that the system with 1x16 antenna has a much higher gain in both mean and cell edge throughput than the system with 4x4 antenna, i.e. 27% vs. 7% mean and 63% vs. 20% cell edge UE throughput gains.  
Table 3 shows the system performance for the same antenna layouts but under 3D UMi.  It can be seen that in this case, the system with 4x4 antenna performs better than with 1x16. 
[bookmark: _Ref447099050]Table 2: System performance comparison between 1D 1x16 vs. 2D 4x4 antennas: 3D UMa
	
	O1=O2=4

	Antenna port layout
	1x8
	  1x16
	 4x2
	  4x4

	
	16 ports
	32 ports
	16 ports
	32 ports

	@Baseline RU = 50 %
	Baseline
	Gain
	Gain
	Gain

	Mean user throughput
	0%
	27%
	-36%
	7%

	Cell-edge user throughput
	0%
	63%
	-56%
	20%



[bookmark: _Ref447099432]Table 3: System performance comparison between 1D 1x16 vs. 2D 4x4 antennas: 3D UMi
	
	O1=O2=4

	Antenna port layout
	1x8
	  1x16
	 4x2
	  4x4

	
	16 ports
	32 ports
	16 ports
	32 ports

	@Baseline RU = 50 %
	Baseline
	Gain
	Gain
	Gain

	Mean user throughput
	0%
	23%
	1%
	27%

	Cell-edge user throughput
	0%
	55%
	9%
	76%



Observation 1: 
· Under 3D UMa, a 32 port 1D 1x16 port layout performs better than a 32 port 2D 4x4 port layout, similar to the 16 port case. 
Observation 2: 
· Under 3D UMi, a 32 port 2D 4x4 port layout performs slightly better than a 32 port 1D 1x16 port layout. 
Based the above observations, we have the following proposal:
 Proposal 1:
· Support 1D port layouts  for 20, 24, 28 and 32 ports.
Codebook Design for 20, 24, 28 and 32 antenna ports
As discussed in the previous section, codebooks of Rel-13 for 8, 12 and 16 ports can be extended to 20, 24, 28 and 32 ports in a straight-forward way for SU-MIMO. With an increased number of antenna ports, the codebook size will be increased in general for a given oversampling rate.  The direct impact of this is the increase of i_11 and i_12 bits that need to be reported back by the UE.  With simple extension of theRel-13 codebook, the maximum number of bits for i_1 (i.e. i_11 plus i_12) would be 11 bits as shown in Table 4 for Config 1. It occurs at ranks 3 and 4 and when the oversampling rate is 8x in both dimensions.  11 bits are the maximum payload size for PUCCH format 2, but nevertheless it can still be carried by PUCCH format 2. 
[bookmark: _Ref447101489]Table 4: Bit width of PMI feedback with 20/24/28/32 ports with Config 1.
[image: ]
For other Configs (i.e. 2/3/4), the maximum bit widths for i_1 are either 7 or 8 bits, so there seems to be no issue in feedback over PUCCH. Note that although Congig 2/3/4 have a smaller i_1 bit width,  their overall feedback overhead is much larger than Config1 due to  larger per subband i2 feedback.  We have, therefore, the following observation:
Observation 3:
· PMI overhead increase with up to 32 ports can be accommodated with PUCCH Format 2.
Performance Comparison with 4x and 8x Oversampling
In Table 5 and Table 6 below, the performance with 4x and 8x oversampling rates are compared under 3D UMa and 3D UMi with CSI feedback with Rel-13 codebook extension. Config 1 codebook is used in the simulations. Other details of the simulation assumptions can be found in the Appendix.  It can be seen that under both3D UMa and 3D UMi, the performance are almost the same for both 4x and 8x oversampling rates.  So we make the following observation:
Observation 4: 
· Similar SU-MIMO performance is observed with oversampling factors 4 and 8 for 32 port codebook with Config 1. 
It is understood that higher oversampling factor may benefit MU-MIMO performance. On the other hand, one of the objectives specified in the WID [1] is to evaluate and specify enhanced CSI feedback for MU-MIMO operation.  We have shown in a companion paper [2] that the gain with MU-MIMO is limited with Rel-13 type codebook and a new feedback is needed  to unlock the MU-MIMO potential.  If a new enhanced CSI feedback can be introduced for MU-MIMO, the need for high oversampling rate for SU-MIMO would no longer be needed.
[bookmark: _Ref447102629]Table 5: Performance of 4x vs. 8x oversampling: 3D UMa
	
	O1=O2=4
	O1=O2=8

	
	2x8
	  2x16
	 8x2
	  8x4
	2x8
	  2x16
	 8x2
	  8x4

	
	16 ports
	32 ports
	16 ports
	32 ports
	16 ports
	32 ports
	16 ports
	32 ports

	@Baseline RU = 50 %
	Baseline
	Gain
	Gain
	Gain
	Gain
	Gain
	Gain
	Gain

	Mean user throughput
	0%
	27%
	-36%
	7%
	-1%
	27%
	-33%
	7%

	50% user throughput
	0%
	37%
	-46%
	10%
	-1%
	37%
	-43%
	10%

	Cell-edge user throughput
	0%
	63%
	-56%
	20%
	4%
	64%
	-50%
	20%



[bookmark: _Ref447102639]Table 6: Performance of 4x vs. 8x oversampling: 3D UMi
	
	O1=O2=4
	O1=O2=8

	
	2x8
	  2x16
	 8x2
	  8x4
	2x8
	  2x16
	 8x2
	  8x4

	
	16 ports
	32 ports
	16 ports
	32 ports
	16 ports
	32 ports
	16 ports
	32 ports

	@Baseline RU = 50 %
	Baseline
	Gain
	Gain
	Gain
	Gain
	Gain
	Gain
	Gain

	Mean user throughput
	0%
	23%
	1%
	27%
	2%
	23%
	2%
	28%

	50% user throughput
	0%
	32%
	0%
	37%
	2%
	33%
	3%
	37%

	Cell-edge user throughput
	0%
	55%
	9%
	76%
	0%
	55%
	10%
	74%


Conclusion
In this contribution, we have discussed the support of antenna layouts for 20, 24, 28 and 32 antenna ports, and also possible extension of Rel-13 codebook for the antenna layouts and potential impact on CSI feedback over PUCCH. Based on the discussion, we have the following observations and proposals:
Observations: 
· Under 3D UMa, a 32 port 1D 1x16 port layout performs better than a 32 port 2D 4x4 port layout, similar to the 16 port case. 
· Under 3D UMi, a 32 port 2D 4x4 port layout performs slightly better than a 32 port 1D 1x16 port layout. 
· PMI overhead increase with up to 32 ports can be accommodated with PUCCH Format 2.
· Similar SU-MIMO performance is observed with oversampling factors 4 and 8 for 32 port codebook with Config 1. 
Proposals:
· Support 1D port layouts for 20, 24, 28 and 32 ports.
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Appendix

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD, 3D UMa 500m ISD

	Antenna Configurations
	2x8,2x16,8x2,8x4 with 2x1 virt. 
tilt for 3D-UMi: 130°
tilt for 3D-UMa: 122°

	Cell layout
	57 sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi), 46 dBm (UMa) 

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modeled.

	Codebook
	Rel-13 codebook and extension to 32 ports

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB
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Config #N1N2O1O2s1s2i_11i_12i1s1s2i_11i_12i1s1s2i_11i_12i1

16 1 8 1 1 7 0 7 1 1 9 0 9 1 1 7 7

14 1 8 1 1 7 0 7 1 1 9 0 9 1 1 7 7

12 1 8 1 1 7 0 7 1 1 9 0 9 1 1 7 7

10 1 8 1 1 7 0 7 1 1 8 0 8 1 1 7 7

2 8 8 8 1 1 4 6 10 1 1 5 6 11 1 1 4 6 10

2 8 8 4 1 1 4 5 9 1 1 5 5 10 1 1 4 5 9

2 6 8 8 1 1 4 6 10 1 1 5 6 11 1 1 4 6 10

2 6 8 4 1 1 4 5 9 1 1 5 5 10 1 1 4 5 9

2 7 8 8 1 1 4 6 10 1 1 5 6 11 1 1 4 6 10

2 7 8 4 1 1 4 5 9 1 1 5 5 10 1 1 4 5 9

2 5 8 8 1 1 4 6 10 1 1 5 6 11 1 1 4 6 10

2 5 8 4 1 1 4 5 9 1 1 5 5 10 1 1 4 5 9

3 4 8 8 1 1 5 5 10 1 1 6 5 11 1 1 5 5 10

3 4 8 4 1 1 5 4 9 1 1 6 4 10 1 1 5 4 9

8 2 4 8 1 1 5 4 9 1 1 6 4 10 1 1 5 4 9

8 2 4 4 1 1 5 3 8 1 1 6 3 9 1 1 5 3 8

7 2 4 8 1 1 5 4 9 1 1 6 4 10 1 1 5 4 9

7 2 4 4 1 1 5 3 8 1 1 6 3 9 1 1 5 3 8

6 2 4 8 1 1 5 4 9 1 1 6 4 10 1 1 5 4 9

6 2 4 4 1 1 5 3 8 1 1 6 3 9 1 1 5 3 8

5 2 4 8 1 1 5 4 9 1 1 6 4 10 1 1 5 4 9

5 2 4 4 1 1 5 3 8 1 1 6 3 9 1 1 5 3 8

RANK 5 to 8

1
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