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1. Introduction
In this contribution we study potential enhancements for non-precoded CSI-RS based schemes. We provide simulation results in various scenarios for the evaluation of the potential enhancements against a suitable baseline. 
2. Enhancements for non-precoded CSI-RS based schemes
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The key to non-precoded CSI-RS based schemes is the availability of CSI-RS for channel measurement. There are various issues that needs to be considered with extending the support of CSI-RS to 16 or more ports. These issues are separately addressed in a companion contribution [1]. In this contribution we assume CSI-RS is available for measuring the channels from all TXRUs. We also consider a new codebook following the Rel-10 W1W2 product structure where W1 is given by –

We consider 8x oversampling in the azimuth domain and 8x oversampling in the elevation domain. This leads to a W1 size of ~7bits and W2 size of ~6 bits.

We provide simulation results evaluating a new codebook and comparing with a baseline scheme. In 3D-UMa-200m and 3D-UMi-2GHz scenario the best performing baseline scheme is vertical sectorization with the same cell-id (VS) which belongs to category-2 of implementation-based schemes. In the case of 3D-UMa-500m the best performing baseline scheme is identified as simply the phase-1 scheme. It was observed that under the given constraints virtual sectorization is not easily suitable in 3D-UMa-500m scenario using (8,X,2) sub-array configuration. Using simple RF weights such as array response vectors pointing at two directions in elevation are not providing sufficient gains, and more involved weight design or other techniques need further study.
The VS performance depend on the beams chosen and in the following 2 vertical sectors are formed with array response vectors (corresponding to a sub-array) pointed at 2 vertical directions (tilt: 850, 1130 in UMa-200m, 740, 1020 for 3D-UMi-2GHz). MU-MIMO is enabled within each vertical sector and no scheduling coordination is assumed across vertical sectors.
3. Simulation results

3D-UMa-500m:

(M,N,P,Q) = (8,4,2,16)
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Figure 3: 3D-UMa-500m, (8,4,2), the gain in mean UPT is 5.76%, 11.34% and 17.59% corresponding to 20%, 50% and 70% RU of the baseline phase-1.
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Figure 4: 3D-UMa-500m, (8,4,2), the gain in 5%-tile UPT is 20.82%, 24.59% and 32.92% corresponding to 20%, 50% and 70% RU of the baseline phase-1.
 (M,N,P,Q) = (8,2,2,16)
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Figure 3: 3D-UMa-500m, (8,2,2), the gain in mean UPT is 12.57%, 25.10% and 35.28% corresponding to 20%, 50% and 70% RU of the baseline phase-1.
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Figure 4: 3D-UMa-500m, (8,2,2), the gain in 5%-tile UPT is 24.45%, 32.55% and 45.34% corresponding to 20%, 50% and 70% RU of the baseline phase-1.
3D-UMa-200m: 

(M,N,P,Q) = (8,4,2,16)
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Figure 5: 3D-UMa-200m, (8,4,2), the gain in mean UPT is 11.28%, 9.35% and -7.13% corresponding to 20%, 50% and 70% RU of the baseline VS.
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Figure 6: 3D-UMa-200m, (8,4,2), the gain in 5%-tile UPT is -9.69%, -23.31% and -31.75% corresponding to 20%, 50% and 70% RU of the baseline VS.
(M,N,P,Q) = (8,2,2,16):
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Figure 7: 3D-UMa-200m, (8,2,2), the gain in mean UPT is 26.05%, 36.38% and 36.31% corresponding to 20%, 50% and 70% RU of the baseline VS.
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Figure 8: 3D-UMa-200m, (8,4,2), the gain in 5%-tile UPT is 15.61%, 3.35% and -6.78% corresponding to 20%, 50% and 70% RU of the baseline VS.
3D-UMi-2GHz: 

(M,N,P,Q) = (8,4,2,16)
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Figure 5: 3D-UMi-2GHz, (8,4,2), the gain in mean UPT is 3.37%, -7.28% and -22.90% corresponding to 20%, 50% and 70% RU of the baseline VS.
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Figure 6: 3D-UMi-2GHz, (8,4,2), the gain in 5%-tile UPT is -0.34%, -21.28% and -32.41% corresponding to 20%, 50% and 70% RU of the baseline VS.
(M,N,P,Q) = (8,2,2,16):
[image: image11.emf]1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

0.20 RU 0.50 RU 0.70 RU

Arrival rate (



)

Mean (Mbps)

 

 

VS(BaseL)(0.00%,0.00%,0.00%,)

Codebook(1.49%,5.45%,2.57%,)


Figure 7: 3D-UMa-200m, (8,2,2), the gain in mean UPT is 1.49%, 5.45% and 2.57% corresponding to 20%, 50% and 70% RU of the baseline VS.
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Figure 8: 3D-UMa-200m, (8,2,2), the gain in 5%-tile UPT is -24.02%, -20.58% and -20.58% corresponding to 20%, 50% and 70% RU of the baseline VS.
The percentage gains observed in the simulation results above are summarized in Table 1. Based on this we observe that non-precoded CSI CSI-RS based schemes can provide gains in certain scenarios. These scenarios seem to be the cases where VS gains are not substantial. 3D-UMa-500m is one such scenario where non-precoded CSI-RS based schemes can provide gains. Further, gains are also observed with (8,2,2) configuration in 3D-UMa-200m scenario.
Table 1: Summary of % gains in different scenarios, P1: Phase-1, VS: Virtical sectorization with same cell-id (cat-2), CB: New codebook (enhancement)
	
	RU
	3D-UMa-500m 
	3D-UMa-200m 
	3D-UMi-2GHz 

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

	
	
	μ 
	5% 
	μ 
	5% 
	μ 
	5% 
	μ 
	5% 
	μ 
	5% 
	Μ 
	5% 

	P1 

Q=8 
	20% 
	0 
	0 
	0 
	0 
	
	
	
	
	
	
	
	

	
	50% 
	0 
	0 
	0 
	0 
	
	
	
	
	
	
	
	

	
	70% 
	0 
	0 
	0 
	0 
	
	
	
	
	
	
	
	

	VS 

Q=16 
	20% 
	NA 
	NA 
	NA 
	NA 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	
	50% 
	
	
	
	
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	
	70% 
	
	
	
	
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	CB 

Q=16 
	20% 
	5.76 
	20.82 
	12.57 
	24.45 
	11.28 
	-9.69 
	26.05 
	15.61 
	3.37 
	-0.34 
	1.49 
	-24.02 

	
	50% 
	11.34 
	24.59 
	25.10 
	32.55 
	9.35 
	-23.31 
	36.38 
	3.35 
	-7.28 
	-21.28 
	5.45 
	-20.58 

	
	70% 
	17.59 
	32.92 
	35.28 
	45.34 
	-7.13 
	-31.75 
	36.31 
	-6.78 
	-22.90 
	-32.41 
	2.57 
	-20.58 


4. Conclusion
In this paper we studied non-precoded CSI-RS based schemes and presented simulation results for such schemes with antenna configurations (8,4,2,16) and (8,2,2,16). We observed that:

Non-precoded CSI CSI-RS based schemes can provide gains in certain scenarios. These scenarios seem to be the cases where VS gains are not substantial. 3D-UMa-500m is one such scenario where non-precoded CSI-RS based schemes can provide gains. Gains are also observed with (8,2,2,16) configuration in 3D-UMa-200m scenario.
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Appendix
Table 3: Simulation assumptions

	Parameters
	Values

	Tx power
	46dBm for 3D-UMa 500m, 41dBm for 3D-UMa 200m, 3D-UMi 200m

	Polarized antenna modeling
	Model -2 from 36.873 [1]

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes 

	Wrapping method
	Geographical distance based

	Metrics
	Mean, 5% UPT


	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)


� EMBED Equation.3  ���
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