
3GPP TSG RAN WG1 Meeting #80
       R1-150123
Athens, Greece, 9th – 13th, February, 2015
Source:
CATT
Title:
Vertical CSI variation for 3D-MIMO
Agenda Item:
7.2.4.3.1
Document for:
Discussion and Decision
1 Introduction
The study item on 3D-MIMO was approved in RAN#65. Discussion in RAN1#78bis and RAN1#79 have been focused on the deployment scenarios and evaluation assumptions,  as well as initial phase I performance results of AAS using Rel.12 DL MIMO with 8 TXRU. 
CSI feedback is a core component of any MIMO systems. The increased spatial degree freedom implies that a larger feedback overhead is needed to ensure sufficient CSI accuracy, and the UE complexity in PMI search is likely to increase as well. Although EBF/FD-MIMO is a technique originated at the infrastructure side, the impact to UE implementation and complexity should also be borne in mind in the study. CSI feedback mechanism resulting in drastically higher UE complexity should be carefully evaluated and is justifiable if yielding sufficient performance gains against other simpler, more flexible and scalable feedback mechanism.  In this contribution we study the time domain variation of the 3D-MIMO channel and its potential impact on the CSI feedback framework.
2 Discussion

The following feedback mechanisms are possible for EBF/FD-MIMO:
· One CSI-process of composite dimension    

· A high-dimension 
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-TX PMI (e.g., =16, 32, 64) is used to quantize the overall 3D-MIMO channel, where
[image: image3.wmf]t

N

is the total number of antennas of the 2D array.
· Two CSI-processes of  separate dimension 

· Two CSI-processes are used to separately quantize the vertical and horizontal dimensions, possibly using existing codebooks (e.g. 2, 4, 8 Tx) for each dimension.
Regardless of the choice, PMI (or PMI pairs) search complexity will be higher than the current LTE system to satisfy CSI accuracy requirement. As a consequence, the PMI search complexity will also increase and should be carefully evaluated to have a thorough understanding of different CSI mechanism. 

Current LTE specification supports feedback periodicity of {2, 5, 10, 20, 40, 80,160,320} ms corresponding to different UE movement velocities. In addition, RI feedback periodicity is longer than PMI since RI as a long-term channel property changes less frequently. For 3D-MIMO, as UE movement in the elevation domain is likely much slower than in the horizontal domain, it is expected that the vertical domain CSI is varying at a slower rate than the horizontal CSI. 
In this contribution we compare the CSI variation rate in the horizontal and vertical domains for 3D-MIMO channels. We consider a two CSI-process feedback mechanism where the UE reports a PMI pair (PMI1, PMI2) from 
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are the component codebooks to quantize the vertical and horizontal channels. The PMI pair (
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) therefore uniquely points to a composite 3D precoder 
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where 
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is total number of antennas of the 3D-MIMO array, and 
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 is the composite rank. In this contribution it is assumed that 
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is the number of rows of antennas, and 
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is the number of columns of antennas. For simplicity, in our simulation we use Rel.12 codebook for the horizontal codebook 
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, and DFT codebook for the vertical domain codebook 
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. For the sake of simplicity, only rank-1 feedback is considered in the simulation, i.e. 
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3 Evaluation results

System-level results are provided in this section to illustrate the time-domain variation of vertical domain PMI (
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) and horizontal domain PMI (
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), in 3D-UMa and 3D-UMi channels. 
We consider a (8,2,2,16) antenna configuration, where each TXRU is 1D virtualized to K=2 adjacent co-polarized antenna elements in the same column. It is further assumed that the UE can measure the downlink explicit channel H and compute the optimal PMI pair {
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} every 5ms. A 4-bit DFT codebook 
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is used for vertical feedback, and Rel.12 codebook is used for horizontal codebook 
[image: image22.wmf]2

C

. The vertical and horizontal codebooks are of the same size to avoid any unfair comparison in the PMI variation rate.   Other simulation assumptions are aligned with past agreements and can be found in the appendix.
Figure 1 provides a snapshot of {
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} during a single drop of 1000ms. As can be seen, the vertical precoder 
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 changes at a much slower rate than the horizontal PMI
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Figure 1: A snapshot of time-domain PMI 
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Figure 2: Probability of PMI change every 5ms

Denoted the event of PMI change as 
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=5ms is the CSI calculation periodicity, Figure 2 illustrates the statistical distribution (e.g. probability) of actual PMI change at two consecutive CSI computation instances (i.e. two subframes that are 5ms apart), for both vertical PMI 
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 and the horizontal PMI 
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. It is observed that the horizontal PMI 
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has a 40% probability of change every 5 subframes, where the vertical PMI 
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 remains highly stable in the time domain with less than 5% probability of changing after 5ms.
Figure3 depicts the statistical distribution of smallest time instance required for actual PMI change, namely
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where 
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 is an integer multiple of 5ms, 
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. Likewise, it is observed that the horizontal PMI 
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changes quickly and is almost always different after 10ms. On the other hand, the vertical PMI 
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 is more stable. 
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Figure 3: minimum time required (
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) for PMI change
4 Conclusions

In this contribution we investigated the time-domain variation rate of vertical domain CSI and horizontal domain CSI. From the system-level simulation results, it is observed that the vertical domain channel (vertical PMI
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) changes at a slower rate than that of the horizontal domain channel (horizontal PMI
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). 
In a companion contribution [9], we have also evaluated the system performance with wideband/long-term feedback of vertical PMI
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, and found negligible performance loss compared to subband/short-term feedback of vertical PMI. 

These observations can be taken into account in the CSI feedback mechanism discussion as to reduce the feedback overhead, UE search complexity and power consumptions.
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Appendix
Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ spacing
Vertical: 8 elements, 0.8λ spacing

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

	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

	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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