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This contribution presents analysis results of vertical channel direction variability in terms of vertical PMI (V-PMI) change in time and frequency domain. 
We consider a 2D antenna array at eNB with (MTXRU, N, P) = (4, 4, 2). The PMI codebook is assumed to be Kronecker product of azimuth and elevation codebooks, which respectively are Rel. 10 8-Tx codebook and 4-Tx DFT codebook with oversampling factor 4. The V-PMI indices for 570 users in 57 cells are collected across 10 subbands (with subband size 5 PRBs) and 51 subframes, where subframes are subsampled by 10. The analysis of the collected V-PMI indices is provided below. The rest of the simulation settings are summarized in Table 1. 

[bookmark: _Ref416285366]Table 1: Simulation Parameters
	Parameters
	Values

	Channel model
	3D-UMa,  Scenario 1 (500m) and 2 (200m)
3D-UMi, Scenario 1 (2GHz) and 2 (3.5GHz)

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(MTXRU, N, P)
	(4, 4, 2)

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2

	PMI Codebook
	Kronecker Product Codebook:
Azimuth codebook: Rel. 10, 8-Tx
Elevation codebook: 4-Tx DFT with oversampling factor 4



This contribution has been updated from R1-151641, and the updates are mainly:
· Use of oversampling factor 4 instead of oversampling factor 2.
· Observations associated with the use of the oversampling factor 4.
Distribution of V-PMI indices
The distribution of sixteen V-PMI indices  for all 570 UEs over the subbands and the subframes is shown in Figure 1 and the corresponding V-PMI indices to elevation angles mapping is shown in Table 2 (see Figure 8 for corresponding beam patterns). The distribution suggests that the PMI distributions are roughly aligned with the LOS elevation angle distribution of the scenarios:
· In UMi scenarios, PMI indices 0-5 and 12-15 corresponding to elevation angles 82.3 degree to 101 degree are chosen more frequently than others.
· In UMa scenario 1, PMI index 1 corresponding to an elevation angle 92.5 degree is most frequently chosen, and other PMI indices 0-5 are chosen more frequently than others.
· In UMa scenario 2, PMI index 2 corresponding to an elevation angle 94.6 degree is most frequently chosen, and other PMI indices 1-10 are chosen more frequently than others. It is also noteworthy that PMI index 0 corresponding to 90.5 degree elevation angle is less frequently selected. This is because UEs in UMa scenario 2 (with 200m ISD) are more likely to be associated with closest serving cell, in which case the LOS elevation angle is likely to be an offset greater than 90 degree. 
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[bookmark: _Ref416286777][bookmark: _Ref416286772]Figure 1: Distribution of PMI indices
[bookmark: _Ref418675253]Table 2: V-PMI Index to Elevation Angle Mapping
	V-PMI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Angle (degree)
	90.5
	92.5
	94.6
	96.8
	99
	101
	103.2
	105.4
	107.5
	109.7
	112
	114.2
	82.3
	84.4
	86.5
	88.5



Observation 1: V-PMI index distribution is scenario-specific, which is roughly aligned with the elevation LOS angle distributions of the individual scenarios. 
	In order to study the UE-specific variations in V-PMI, we next present distribution of PMI indices for eight UEs selected out of 570 UEs over the subbands and the subframes. Their distributions are shown below in Figure 2 through Figure 5. It is evident that for those selected UEs, V-PMI distribution is rich. 
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[bookmark: _Ref416287866]Figure 2: UMa, Scenario 1: Distribution of V-PMI Indices for 8 UEs
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Figure 3: UMa, Scenario 2: Distribution of V-PMI Indices for 8 UEs
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Figure 4: UMi, Scenario 1: Distribution of V-PMI Indices for 8 UEs
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[bookmark: _Ref416287868]Figure 5: UMi, Scenario 2: Distribution of V-PMI Indices for 8 UEs
Observation 2: For UEs with large elevation spread, V-PMI distribution is rich for both UMa and UMi channel models in both scenarios 1 and 2.
Frequency Domain Variability
The CDF of the standard deviation of user-specific V-PMI indices collected across the subbands and over the subframes is shown in Figure 6. For a given subframe, the standard deviation is defined as follows:  

where the minimization is over the offset parameter  and for a given offset   is defined as
,
where  is the number of subbands,  is the V-PMI index for subband  after necessary cyclic shift because of adding offset  and  is the average V-PMI index across subband. The minimization over the offset parameter  is considered in order to properly handle the cases in which the difference of V-PMI  indices of two subbands is large, for example V-PMI indices 0 and 15, but the difference of their corresponding phases in the DFT vectors is small, for example , i.e., the two DFT beams are actually close physically (as shown in Figure 8 below). For such cases, the variance should be small. The above-mentioned method is one way to achieve this. Finally, for each user,  values for multiple subframes are averaged, and the average values for all 570 users are considered to obtain the CDF shown in Figure 6. From the figure, we can obtain the following Table 3, which shows the percentage of UEs that show V-PMI variations across subbands.
[bookmark: _Ref416290477]Table 3: V-PMI variation across subbands
	Channel Model
	Percentage of UEs showing V-PMI variations across subbands

	UMa, Scenario 1
	75%

	UMa, Scenario 2
	80%

	UMi, Scenario 1
	82%

	UMi, Scenario 2
	85%



Observation 3: More than 80% (75%) of UEs have V-PMI variation in the frequency domain for UMa Scenario 2, UMi Scenarios 1&2 (UMa Scenario 1). In particular, about 18-27 of UEs have mean V-PMI variation of at least one PMI index in half of the subbands, which corresponds to the phase difference of  between two consecutive DFT vectors and the standard deviation 0.5 (shown by double arrow in Figure 6). 
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[bookmark: _Ref416288517]Figure 6: CDF of V-PMI Change Across Subbands (Standard Deviation)
Time Domain Variability
The CDF of average duration for which V-PMI index changes from one value to another is shown in Figure 7. Similar to the frequency domain variability, the percentage of UEs that show V-PMI variations in time is given by Table 4.
[bookmark: _Ref416342235]Table 4: V-PMI variation in time
	Channel Model
	Percentage of UEs showing V-PMI variations in time

	UMa, Scenario 1
	75%

	UMa, Scenario 2
	78%

	UMi, Scenario 1
	79%

	UMi, Scenario 2
	83%


 
Observation 4: For 60% (70%) UEs in the network, V-PMI index changes in less than 100 msec on the average, for UMa scenario 1 & 2 and UMi scenario 1 (UMi scenario 2). Furthermore, for 40% UEs in the network for UMi scenario 2, V-PMI index changes in less than 50 msec on the average.
[image: ]
[bookmark: _Ref416290231]Figure 7: CDF of V-PMI Change in Time (msec)
Loss Due to WB V-PMI
Figure 8 shows the beam pattern for sixteen DFT vectors corresponding to sixteen V-PMI indices. As shown, the minimum amount of beam-forming loss because of WB V-PMI pre-coder is more than 3 dB if the difference between the SB and WB V-PMI pre-coder directions is more than 5 degree. For example, if  (solid red) is SB V-PMI (90.2 degree) and  (solid black) is the WB V-PMI (94.6 degree), then the beam-forming loss is more than 3 dB.
[image: ]
[bookmark: _Ref416456073]Figure 8: Beam patterns for 16 V-PMI DFT beams
Observation 5: 
· The SU-MIMO beam-forming loss because of WB V-PMI pre-coder is more than 3 dB if the difference between SB and WB V-PMI pre-coder directions is more than 5 degree.
· For MU-MIMO, the channel quantization loss due to coarse V-PMI quantization likely to result in poorer performance as the channel quantization error compounds in the denominator of the MU SINR.
Conclusion
In this contribution, we analyzed vertical channel variability in terms of V-PMI. Based on the results, our observations are summarized as in the following:
Observations:
Observation 1: V-PMI index distribution is scenario-specific, which is roughly aligned with the elevation LOS angle distributions of the individual scenarios. 
Observation 2: For UEs with large elevation spread, V-PMI distribution is rich for both UMa and UMi channel models in both scenarios 1 and 2.
Observation 3: More than 80% (75%) of UEs have V-PMI variation in the frequency domain for UMa Scenario 2, UMi Scenarios 1&2 (UMa Scenario 1). In particular, about 18-27 of UEs have mean V-PMI variation of at least one PMI index in half of the subbands, which corresponds to the phase difference of  between two consecutive DFT vectors and the standard deviation 0.5 (shown by double arrow in Figure 6). 
Observation 4: For 60% (70%) UEs in the network, V-PMI index changes in less than 100 msec on the average, for UMa scenario 1 & 2 and UMi scenario 1 (UMi scenario 2). Furthermore, for 40% UEs in the network for UMi scenario 2, V-PMI index changes in less than 50 msec on the average.
Observation 5: 
· The SU-MIMO beam-forming loss because of WB V-PMI pre-coder is more than 3 dB if the difference between SB and WB V-PMI pre-coder directions is more than 5 degree.
· For MU-MIMO, the channel quantization loss due to coarse V-PMI quantization likely to result in poorer performance as the channel quantization error compounds in the denominator of the MU SINR.
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