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1. Introduction

In RAN1#80bis meeting, intensive discussions took place regarding how to capture beamformed and non-precoded CSI-RS based schemes into TR [1], and in the subsequent email discussion [80b-05] the proposed text [2] was agreed to be captured in the TR.
In this contribution, we provide evaluation results focusing on non-precoded CSI-RS based schemes which are to be compared with Cat-2 baseline performance [3] via varying the vertical beam granularity.

2. Evaluation results and discussion
In section 6.2.1.2 on enhancements related to non-precoded CSI-RS-based schemes in the agreed text proposal [2], four categories of considered schemes are captured, where the following CSI parameters for CSI reporting are commonly applied.

· PMI(s) corresponding to W1 and/or W2. Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for W1 and W2, respectively. If multiple PMIs are reported, different reporting rates and/or granularities for different PMIs may or may not be used.  

· RI: a single RI or multiple RIs

· CQI

We consider Scheme 1 corresponding to Kronecker Product (KP) type codebook, where the precoding matrix W is extended from Rel.10/12 to support 2-D array where W1 can be described as follows:
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Here, ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. The columns of 
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 are taken from a DFT matrix. A precoding codebook associated with W2 can follow one the following alternative designs:

· Scheme 1-1: The precoding matrix or vector W2 corresponds to a quantized co-phasing between two polarization groups in W1 and may also include column selection from W1. 

· Scheme 1-2: The precoding matrix or vector W2 performs linear transformation to W1 per polarization, which may include beam selection, weighted linear combination of beams. 

· Scheme 1-3: The precoding matrix or vector W2 performs distinct selection of beams per layer and/or per polarization, and quantized co-phasing between two polarization groups.

Note Scheme 1-3 is regarded as a generalized form which can cover Scheme 1-1, in that Scheme 1-1 only considers “matrix-wise KP” for W1, while Scheme 1-3 considers “column-wise KP” for each considered vertical beam direction, described as the distinct selection of beams per layer and/or per polarization (which is more elaborated in [4]).
In the following, we provide evaluation results for comparison between the Cat-2 baseline performance [3] and the considered non-precoded CSI-RS-based scheme performance with restricting vertical rank 1 for convenience. Note such vertical rank 1 restriction can make the scheme 1-3 equivalent to the scheme 1-1 in general. More thorough investigation on vertical rank >1 is required for the potential work item phase.
Tables 2, 3, and 4 show the comparison results between Cat-2 baseline performance and the considered non-precoded CSI-RS-based scheme performance via varying the number of candidate vertical beams (corresponding to vertical codebook size which would impact on uplink overhead/performance), where each table respectively corresponds to (8, 4, 2, 16), (8, 4, 2, 32), and (8, 4, 2, 64) for the antenna array configuration of (M, N, P, Q). For non-precoded based schemes, we consider sub-array model for TXRU virtualization and employ short-term based vertical feedback. Also, it is assumed that 1-, 2- and 3-bit DFT codebook for vertical domain is employed for the antenna array configuration (8, 4, 2, 16), (8, 4, 2, 32), and (8, 4, 2, 64), respectively. In addition, we also evaluate cases of oversampling factor of 2 and 4 for each configuration.
If we consider 32- or 64-port CSI-RS resource, it seems not feasible to design the corresponding non-precoded CSI-RS patterns satisfying RS power restriction as discussed in our previous contribution [5]. Even the case of 16-port CSI-RS, without combining CDM approach [5], the RS power restriction cannot be satisfied for designing the non-precoded CSI-RS pattern. Considering these reasons, we applied CSI-RS power de-boosting impacts for non-precoded CSI-RS based scheme in the following evaluations. Detailed parameters and assumptions for the simulation are listed in Table 1 and Annex A.

Table 1: Parameters for non-precoded CSI-RS based schemes

	
	Phase 1
	(8, 4, 2, 16)
	(8, 4, 2, 32)
	(8, 4, 2, 64)

	 # of REs for NZP and ZP CSI-RSs
	8*3
	16*3
	32*3
	64*3

	CSI-RS periodicity [ms]
	5
	10
	20
	40

	average CSI-RS overhead (REs/RB/subframe)
	4.8
	4.8
	4.8
	4.8

	CSI-RS de-boosting factor
	1
	2
	4
	8


Here, the CSI-RS de-boosting factor 2 indicates that the CSI-RS transmission power becomes a half of that for Cat-2 baseline. As shown in Table 2, 3 and 4, CSI-RS power de-boosting impact for non-precoded CSI-RS based scheme seems marginal, since CSI-RS transmission resources for all cells are assumed to be the same with reuse factor 3. Note that we consider the scheme whose CSI-RS feedback periodicity increases as the number of TXRU grows. This is due to the fact that increasing CSI-RS feedback periodicity may provide better performance than increasing CSI-RS overhead as shown in [3].
Table 2: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 
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	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	3.664
	
	1.254
	
	3.846
	0.21
	2

	1-bit vertical CB
	3.697
	0.90%
	1.307
	4.25%
	3.922
	0.21
	

	2-bit vertical CB
	3.733
	1.87%
	1.333
	6.33%
	4.000
	0.21
	

	3-bit vertical CB
	3.788
	3.40%
	1.394
	11.15%
	4.082
	0.20
	

	Cat-2 baseline
	2.256
	
	0.335
	
	1.827
	0.62
	4

	1-bit vertical CB
	2.307
	2.25%
	0.366
	9.25%
	1.896
	0.6
	

	2-bit vertical CB
	2.395
	6.16%
	0.410
	22.37%
	2.000
	0.58
	

	3-bit vertical CB
	2.453
	8.74%
	0.440
	31.11%
	2.062
	0.56
	

	Cat-2 baseline
	1.694
	
	0.138
	
	1.099
	0.83
	5

	1-bit vertical CB
	1.750
	3.33%
	0.156
	12.73%
	1.194
	0.81
	

	2-bit vertical CB
	1.844
	8.86%
	0.184
	33.26%
	1.312
	0.78
	

	3-bit vertical CB
	1.890
	11.62%
	0.200
	44.83%
	1.375
	0.77
	


Table 3: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 
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	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	3.727
	
	1.282
	
	3.960
	0.21
	2

	2-bit vertical CB
	3.713
	-0.38%
	1.320
	2.96%
	4.000
	0.21
	

	3-bit vertical CB
	3.757
	0.81%
	1.409
	9.86%
	4.082
	0.2
	

	4-bit vertical CB
	3.789
	1.68%
	1.439
	12.22%
	4.167
	0.2
	

	Cat-2 baseline
	2.339
	
	0.360
	
	1.942
	0.6
	4

	2-bit vertical CB
	2.334
	-0.24%
	0.380
	5.53%
	1.954
	0.59
	

	3-bit vertical CB
	2.436
	4.15%
	0.464
	28.89%
	2.094
	0.56
	

	4-bit vertical CB
	2.475
	5.79%
	0.490
	36.17%
	2.151
	0.55
	

	Cat-2 baseline
	1.769
	
	0.150
	
	1.209
	0.82
	5

	2-bit vertical CB
	1.789
	1.15%
	0.172
	14.87%
	1.259
	0.8
	

	3-bit vertical CB
	1.919
	8.51%
	0.219
	46.07%
	1.449
	0.76
	

	4-bit vertical CB
	1.955
	10.50%
	0.239
	55.87%
	1.498
	0.74
	


Table 4: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 
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	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	3.655
	
	1.140
	
	3.846
	0.23
	2

	3-bit vertical CB
	3.506
	-4.07%
	1.212
	6.36%
	3.704
	0.22
	

	4-bit vertical CB
	3.564
	-2.49%
	1.295
	13.59%
	3.846
	0.22
	

	5-bit vertical CB
	3.589
	-1.80%
	1.312
	15.08%
	3.846
	0.21
	

	Cat-2 baseline
	2.127
	
	0.277
	
	1.569
	0.68
	4

	3-bit vertical CB
	2.056
	-3.34%
	0.289
	4.45%
	1.594
	0.67
	

	4-bit vertical CB
	2.172
	2.12%
	0.355
	28.46%
	1.778
	0.63
	

	5-bit vertical CB
	2.199
	3.40%
	0.368
	32.95%
	1.810
	0.62
	

	Cat-2 baseline
	1.595
	
	0.111
	
	0.924
	0.88
	5

	3-bit vertical CB
	1.553
	-2.63%
	0.117
	5.61%
	0.966
	0.87
	

	4-bit vertical CB
	1.657
	3.93%
	0.153
	37.88%
	1.230
	0.84
	

	5-bit vertical CB
	
	
	
	
	
	
	


As shown in Tables 3, 4 and 5, enhancement schemes based on non-precoded CSI-RS improve the performance of Cat-2 baseline. More specifically, enhancement schemes provide up to 11.62% and 44.83% performance gain over Cat-2 baseline in terms of mean UE throughput and 5% UE throughput, respectively, at antenna array configuration of (8, 4, 2, 16). Also, we can observe that larger oversampling factor leads better throughput performance, at the expense of UL CSI feedback overhead.
3. Conclusion
In this contribution, we discussed enhancements on non-precoded CSI-RS-based schemes for supporting FD-MIMO. The observations based on the discussion are given as follow:
Observation 1: Non-precoded CSI-RS-based enhancement schemes provide up to 11.62% and 44.83% performance gain over Cat-2 baseline in terms of mean UE throughput and 5% UE throughput, respectively, at antenna array configuration of (8, 4, 2, 16).

Observation 2: It is observed that larger oversampling factor leads better throughput performance, at the expense of UL CSI feedback overhead.
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 Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 8 x 4 x 2 (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

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

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

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

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) [6]

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	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

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms for Phase 1

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook for Phase 1

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

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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