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1 Introduction
Four different categories of CSI enhancements were agreed last meeting and in this contribution we show performances related to the category of “non-precoded CSI-RS”. For comparison, the Category 3 baseline is used as it is the suitable baseline when studying codebook enhancements.  The reason is that both are closed loop codebook based enhancements which are robust in the sense that the UE measures the full MIMO channel and selects the preferred precoder. The beamformed CSI-RS on the other hand is an open loop FD-MIMO mode where the network makes decision on the beams based on e.g. DRS measurements or reciprocity. For enhancements of this mode, Cat.2 is the suitable baseline. 

So, in this contribution, we focus on enhancements for closed loop precoding mode of FD-MIMO operation with non-precoded CSI-RS.  

2 CSI enhancements for non-precoded CSI-RS mode
The baseline for enhancements related to codebook based solutions is the Cat.3, the Kronecker precoding with two CSI processes. This baseline has a number of drawbacks, mainly related to link adaptation problems but also the fact that not all UEs support two CSI processes. It is thus worth investigating the benefit of specifying a single CSI process that can accurately measure CSI-RS per antenna from a 2DAA and report vertical, horizontal PMIs, rank and the associated CQIs. A more elaborate discussion of such CSI feedback enhancements is given in [1].
We have evaluated the performance enhancements for the 8x4,4x8 and 2x16 antenna configurations and for different number of TXRU. Only SU-MIMO has been investigated. The different CSI-RS overhead has been taken into account in the evaluations and baselines are in line with those reported earlier in the excel sheet of [80-05] email discussion.
3 Evaluations for 8x4 antenna configuration
We have evaluated and compared Cat.3 baseline with a 2D codebook [1] for the 8x4 antenna setup. Both 16 and 32 TXRU implementations were evaluated. The results are shown in Table 1 below. For the 16 TXRU case, a 4x1 antenna virtualization was used per column, so effectively the number of vertical and horizontal antenna ports per polarization were 
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 for the enhanced 2D codebook. For the 32 TXRU case, the virtualization was 2x1 arrays per column and the corresponding antenna ports were 
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per polarization. Hence, the CSI-RS overhead was doubled in this case compared to the previous.
Table 1 Evaluation results for 8x4 antenna setup in UMa and UMi

[image: image3.emf]8x4, 16 TXRU UMa 8x4, 32 TXRU UMa

Baseline Gain [%] Baseline Gain [%] Baseline Gain [%] Baseline Gain [%]

Cat.3 

Baseline

1.0879 0% 3.3322 0%

Cat.3 

Baseline

1.1112 0% 3.3057 0%

15% 4% 12% -1%

Cat.3 

Baseline

0.4828 0% 2.2422 0%

Cat.3 

Baseline

0.44344 0% 2.1709 0%

28% 13% 39% 10%

Cat.3 

Baseline

0.2665 0% 1.6292 0%

Cat.3 

Baseline

0.24305 0% 1.5472 0%

42% 20% 48% 20%

8x4, 16 TXRU UMi 8x4, 32 TXRU UMi

Baseline Gain [%] Baseline Gain [%] Baseline Gain [%] Baseline Gain [%]

Cat.3 

Baseline

1.2474 0% 3.4682 0%

Cat.3 

Baseline

1.2219 0% 3.4637 0%

18% 6% 22% 3%

Cat.3 

Baseline

0.4767 0% 2.2753 0%

Cat.3 

Baseline

0.5269 0% 2.3689 0%

51% 17% 57% 15%

Cat.3 

Baseline

0.2539 0% 1.605 0%

Cat.3 

Baseline

0.2757 0% 1.6732 0%

89% 39% 102% 36%

2D codebook 

enhancements

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-

throughput 

[bps/Hz/user]

20% RU

2D codebook 

enhancements

50% RU

2D codebook 

enhancements

70% RU

2D codebook 

enhancements

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-

throughput 

[bps/Hz/user]

20% RU

2D codebook 

enhancements

50% RU

2D codebook 

enhancements

70% RU

70% RU

2D codebook 

enhancements

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-

throughput 

[bps/Hz/user]

20% RU

2D codebook 

enhancements

50% RU

2D codebook 

enhancements

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-

throughput 

[bps/Hz/user]

2D codebook 

enhancements

2D codebook 

enhancements

2D codebook 

enhancements

20% RU

50% RU

70% RU


From these results we make the following observation:

· 2D codebook gives significant gain over Cat.3 baseline for 8x4 array when 16 and 32 TXRU is used

· Up to 100% at cell edge and 40% mean user throughput gains

It is expected that in more challenging scenarios, such as high rise cities, it is likely that the 2D codebook for 8x4 would provide even larger gains compared to Cat.3 than what is evaluated here. 

4 Evaluations for 4x8 antenna configuration

For this configuration, the 4x1 and 2x1 virtualizations per antenna column is used for the 16 and 32 TXRU cases respectively. Hence, the number of antenna ports are distributed in 2D as 
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for the enhanced 2D codebook, respectively. The Cat.3 baseline use a horizontal CSI process with 8 ports in a linear array and a vertical CSI process with the 4 dual polarized ports. Hence, the rank and polarization co-phasing information is obtained from the vertical CSI process.
Table 2 Evaluation results for 4x8 antenna setup in UMa and UMi
[image: image6.emf]4x8, 16 TXRU UMa 4x8, 32 TXRU UMa

Baseline Gain [%] Baseline Gain [%] Baseline Gain [%] Baseline Gain [%]

Cat.3 

Baseline

0.9709 0% 3.2195 0%

Cat.3 

Baseline

0.9559 0% 3.1897 0%

28% 10% 44% 8%

Cat.3 

Baseline

0.4585 0% 2.2249 0%

Cat.3 

Baseline

0.40688 0% 2.1106 0%

54% 22% 90% 27%

Cat.3 

Baseline

0.233 0% 1.5899 0%

Cat.3 

Baseline

0.2103 0% 1.4845 0%

96% 40% 184% 60%

4x8, 16 TXRU UMi 4x8, 32 TXRU UMi

Baseline Gain [%] Baseline Gain [%] Baseline Gain [%] Baseline Gain [%]

Cat.3 

Baseline

1.1237 0% 3.3404 0%

Cat.3 

Baseline

1.0339 0% 3.2911 0%

35% 11% 53% 11%

Cat.3 

Baseline

0.43624 0% 2.2245 0%

Cat.3 

Baseline

0.43166 0% 2.2271 0%

77% 28% 124% 32%

Cat.3 

Baseline

0.22263 0% 1.6105 0%

Cat.3 

Baseline

NaN 0% NaN 0%

153% 52% NaN NaN 

50% RU 50% RU

2D codebook 

enhancements

2D codebook 

enhancements

70% RU 70% RU

2D codebook 

enhancements

2D codebook 

enhancements

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-

throughput 

[bps/Hz/user]

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-

throughput 

[bps/Hz/user]

20% RU 20% RU

2D codebook 

enhancements

2D codebook 

enhancements

50% RU 50% RU

2D codebook 

enhancements

2D codebook 

enhancements

70% RU 70% RU

2D codebook 

enhancements

2D codebook 

enhancements

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-

throughput 

[bps/Hz/user]

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-

throughput 

[bps/Hz/user]

20% RU 20% RU

2D codebook 

enhancements

2D codebook 

enhancements


From these results we make the following observation:

· 2D codebook gives significant gain over Cat.3 baseline for 4x8 array when 16 and 32 TXRU is used

· Up to 180% at cell edge and 60% mean user throughput gains

The benefit of the 2D codebook is in this antenna configuration increased compared to the 8x4 case since the desirable operation of placing the rank and co-phasing in the dimension (horizontal) which has larger angular spread cannot be done for the Cat.3 baseline. It should be noted that Phase 1 performs slightly better than Cat.3 for this antenna configuration [2].
5 Evaluations for 2x16 antenna configurations

For the 2x16 antenna configuration, the absolute performance is expected to be the largest of all investigated array configurations in this contribution, since increasing the number of antennas horizontally is increasingly beneficial in these 3GPP scenarios. For the enhancements, and 16 TXRU case a 2D virtualization is needed, where a TXRU is mapped to a 2x2 subarray with horizontal weights [1 1]. For the 32 TXRU case, only a 2x1 virtualization is needed. Hence, the number of antenna ports is effectively  
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respectively. For the Cat.3, a horizontal virtualization of [1 1] is needed and then the same approach as for the 4x8 case is used. 
Table 3 Evaluation results for 2x16 antenna setup in UMa and UMi
[image: image9.emf]2x16, 16 TXRU UMa 2x16, 32 TXRU UMa

Baseline Gain [%] Baseline Gain [%] Baseline Gain [%] Baseline Gain [%]

Cat.3 

Baseline

0.94153 0% 3.1092 0%

Cat.3 

Baseline

0.95462 0% 3.1758 0%

44% 15% 58% 13%

Cat.3 

Baseline

0.37169 0% 2.0427 0%

Cat.3 

Baseline

0.38729 0% 2.0295 0%

101% 34% 156% 48%

Cat.3 

Baseline

0.21962 0% 1.473 0%

Cat.3 

Baseline

0.19839 0% 1.4334 0%

131% 54% 316% 93%

2x16, 16 TXRU UMi 2x16, 32 TXRU UMi

Baseline Gain [%] Baseline Gain [%] Baseline Gain [%] Baseline Gain [%]

Cat.3 

Baseline

0.99831 0% 3.2211 0%

Cat.3 

Baseline

1.0883 0% 3.3679 0%

42% 13% 35% 7%

Cat.3 

Baseline

0.39185 0% 2.1313 0%

Cat.3 

Baseline

0.43323 0% 2.1698 0%

111% 34% 126% 40%

Cat.3 

Baseline

0.19329 0% 1.5192 0%

Cat.3 

Baseline

NaN 0% NaN 0%

206% 61% NaN NaN 

50% RU 50% RU

2D codebook 

enhancements

2D codebook 

enhancements

70% RU 70% RU

2D codebook 

enhancements

2D codebook 

enhancements

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-throughput 

[bps/Hz/user]

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-throughput 

[bps/Hz/user]

20% RU 20% RU

2D codebook 

enhancements

2D codebook 

enhancements

50% RU 50% RU

2D codebook 

enhancements

2D codebook 

enhancements

70% RU 70% RU

2D codebook 

enhancements

2D codebook 

enhancements

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-throughput 

[bps/Hz/user]

Cell-edge user-

throughput 

[bps/Hz/user]

Mean user-throughput 

[bps/Hz/user]

20% RU 20% RU

2D codebook 

enhancements

2D codebook 

enhancements


We make the following observation on these results:
· Very large gains over Cat.3 can be achieved with 2D codebook in the 2x16 case

· The Cat.3 baseline basically breaks down for this wide array and gains of the enhancements reach 300% on cell edge and 100% mean user througput

It should be noted that Cat.1 performs better than Cat.3 baseline for this antenna configuration [3]. A comparison of the enhancements with Cat.1 performance is done in [4].
6 Discussion and conclusion

We have presented SU-MIMO results for the expected gains of introducing the 2D codebook for non-precoded CSI-RS based operation mode of FD-MIMO. The gains over Cat.3 baseline are significant and motivate the introduction of a new CSI feedback mode tailored for 2DAA with associated introduction of per antenna CSI-RS. Up to 32 CSI-RS ports has been analyzed in this contribution. If there are benefits of even larger number of ports needs to be further studied, particularly for MU-MIMO. Increasing the number of TXRU and thus antenna ports may improve the MU-MIMO performance even further since good MU performance is dependent on good channel quality knowledge at the transmitter. Even though the Cat.3 baseline isn’t the best baseline for all array configurations, the gains shown here and in [5] motivates the introduction of codebook based enhancements in line with [1].
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8 Appendix

For the system simulations, these assumptions were used:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

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

	Cell layout
	1 vertical sector per azimuthal sector (baseline), 57 azimuthal sectors in total

	Wrapping
	Radio distance based

	Vertical antenna virtualization angle
	UMi:  108o  (4x1 virtualization),  130o  (2x1 and 2x2 virtualizations)

Uma:  108o  (4x1 virtualization),  122o  (2x1 and 2x2 virtualizations)

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm UMi, 46dBm UMa

	Traffic model
	Non-full buffer, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for 2 CRS ports.

	DMRS overhead
	2 antenna ports

	CSI-RS
	Overhead accounted for.  

Channel estimation error modeled.

	Codebook
	2D Grid of Beams based on DFT [1]

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB
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