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1. Introduction

In this contribution, we provide performance results of baseline schemes. In RAN1#80 meeting, baseline schemes have been categorized as follows:

· Four categories of baseline (a.k.a. implementation based enhancement) schemes are captured in TR 36.897 based on RAN1#80 contributions: 

· Category 1:  Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector

· Category 2:  Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)
· Category 3:  Kronecker precoding with 2 CSI processes
· Category 4:  SRS based precoding scheme in TDD

And, various views of companies on baseline schemes have been shared through [80-05] email discussion as well. This contribution provides details of Samsung’s view on baseline schemes and evaluation results of the category 2 and category 3 schemes.
2. Standard-transparent FD-MIMO
2.1. Transparent Kronecker-Product based FD-MIMO
As a standard-transparent FD-MIMO scheme, we could consider transparent KP (Kronecker-Product) based FD-MIMO. In this scheme, eNB configures two CSI processes where each CSI process is designed for CSI reporting for horizontal or vertical dimension. Based on the reported information, i.e. H/V-RI, H/V-PMI, H/V-CQI, eNB could find 3D beam direction using KP operation. This scheme seems to be effective in terms of 3D beam direction search to exploit 2D array of eNB; however, there are a few problems that could not be resolved with implementation based approach, i.e. operation based on current specification. One is the CQI mismatch between reconstructed CQI based on H-CQI and V-CQI at eNB and actual 2D-CQI, which might cause the performance degradation. There might be a few options to compensate this mismatch in implementation based approach such as using CSI-RSRP or configuring additional CSI process. Another option is the partial resource utilization for CSI-RS transmission to transparently select the best H-PMI and V-PMI. CSI-RS for this baseline scheme would be transmitted through the partial TXRUs while data will be transmitted through all TXRUs. This may cause inaccurate PMI selection compared to PMI which is derived from full-port CSI-RS (utilizing all of TXRUs). Yet another option is the reuse of Rel.8 or Rel.10 codebook for vertical domain. For example, if there are 8 antenna ports in vertical dimension, i.e., MTXRU=8, Rel.10 8Tx codebook could not capture vertical beam direction well, because Rel.10 8Tx codebook takes into account the cross-pol antenna configuration.
2.2. Beamformed CSI-RS with multiple CSI processes

In this baseline scheme, we assume that eNB configures multiple CSI processes and NZP-CSI-RS in each CSI process is beamformed with different vertical tilt angles. For instance, in the current specification, up to 3 different beams, i.e. up to three different NZP-CSI-RS, could be supported for this scheme. UE reports CSI feedback of all configured CSI processes such as RI, PMI, CQI for different vertical BF-CSI-RS (beamformed CSI-RS). Based on the separately reported information, eNB could find the best vertical beam direction by comparing the expected throughput based on the reported CSI from each CSI process. Moreover, a corresponding 3D beam direction could be obtained based on the combination of reported PMI (i.e., H-PMI) and configured vertical tilt angle of selected beam. Compared to a transparent KP scheme where only partial TXRUs are used for channel measurement, all TXRUs are used for channel measurement in this approach; thus more accurate CSI measurement is expected. Limitation of this scheme, however, is that the number of supported CSI processes is limited to three. This might not be sufficient to cover wide range of vertical directions. Another potential problem of this scheme is that CSI reporting capability of multiple CSI processes depends on UE capability, which means that BF-CSI-RS based scheme might be used for only part of Rel.12 UEs [1]. 
3. Simulation Results
The performance of baseline schemes is compared with phase-1 evaluation results, where the updated phase-1 results will be provided in [2]. Simulation assumptions of two schemes are described below and further simulation assumptions are provided in Appendix I.
	
	Transparent KP
	Beamformed CSI-RS

	TXRU virtualization
	Subarray partition with electrical tilting 100°

	CSI-RS to TXRU mapping
	One-to-one mapping
	one-to-many mapping where each CSI-RS port mapped to all TXRUs corresponding to one column of co-polarized antenna elements using DFT vector

	Number of CSI processes
	2

(One is for horizontal dimension and the other for vertical dimension)
	3
(Down-tilt values of vertical beams using DFT: 
80°, 95°, 110° for 3D-UMi and 
95°, 107°, 120° for 3D-UMa ISD 500m)


3.1. Performance evaluation for Transparent KP based FD-MIMO
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Figure 1. Relative UPT performance of transparent KP based FD-MIMO schemes against the phase-1 reference according to different antenna configurations
Observation-1: The performance of transparent KP based FD-MIMO scheme shows similar performance compared to phase-1 results. 
As aforementioned, there are a few limitations of this scheme such as CQI mismatch, CSI measurement based only on partial TXRUs and so on. Although such a transparent implementation could not provide performance gain, we expect that there could be significant performance gain if the above problems are resolved through specification-based enhancement [3].
3.2. Performance evaluation for Beamformed CSI-RS with multiple CSI processes

[image: image7] 
[image: image8] 
[image: image9]

[image: image10] 
[image: image11] 
[image: image12]
 [Light loaded]   

                         [Medium load]
                                        [Heavy load]

Figure 2. Relative UPT performance of transparent Beamformed CSI-RS based FD-MIMO schemes against the phase-1 reference according to different antenna configurations
Observation-2: It is observed that BF-CSI-RS based FD-MIMO scheme shows slightly better performance compared to phase-1 results. 
4. Discussion and Conclusion

In this contribution, we have presented the performance of two different implementation based enhancement schemes such as transparent KP based and beamformed CSI-RS based scheme as baseline schemes, and made the following observation:
Observation-1: The performance of transparent KP based FD-MIMO scheme shows similar performance compared to phase-1 results. 
Observation-2: It is observed that BF-CSI-RS based FD-MIMO scheme shows slightly better performance compared to phase-1 results. 
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Appendix I. Simulation Assumptions
	Parameters 
	Value 

	Homogeneous scenarios 
	3D-UMa with ISD 200m and 500m,  
3D-UMi ISD with 200m 

	Carrier frequency 
	2GHz 

	System BW 
	10MHz 

	BS antenna configuration 
	BS: X-pol (+/-45), 0.5λ for azimuth,0.8λ for elevation

	TXRU virtualization 
	Subarray with 100 degree electrical tilting

	UE attachment 
	Based on RSRP from CRS#0 

	Traffic model 
	Non full-buffer : Traffic model-1 

	Scheduler 
	PF, subband scheduling 

	Receiver 
	MMSE-IRC receiver 

	Transmission scheme 
	TM10, SU-/MU-MIMO


Appendix II. Simulation Results
Table 1. Performance evaluation for transparent KP based FD-MIMO for 3D-UMi with ISD 200m
	Load level
	Scheme
	(M,N,P,Q)
	RU [%]
	5% UPT
	50% UPT
	Avg. UPT

	Light-

loaded
	Phase-1
	(8,4,2,8)
	19.0 
	100%
	100%
	100%

	
	Transparent KP
	(8,4,2,16)
	20.6 
	84%
	93%
	95%

	
	
	(8,4,2,32)
	18.8 
	97%
	106%
	101%

	
	
	(8,4,2,64)
	18.0 
	102%
	114%
	105%

	Medium-loaded
	Phase-1
	(8,4,2,8)
	57.0 
	100%
	100%
	100%

	
	Transparent KP
	(8,4,2,16)
	60.6 
	90%
	94%
	94%

	
	
	(8,4,2,32)
	57.3 
	100%
	107%
	103%

	
	
	(8,4,2,64)
	60.8 
	84%
	107%
	102%

	Heavy-

loaded
	Phase-1
	(8,4,2,8)
	75.0 
	100%
	100%
	100%

	
	Transparent KP
Phase-1
	(8,4,2,16)
	80.3 
	84%
	96%
	92%

	
	
	(8,4,2,32)
	74.3 
	90%
	104%
	92%

	
	
	(8,4,2,8)
	91.3 
	69%
	95%
	88%


Table 2. Performance evaluation for transparent KP based FD-MIMO for 3D-UMa with ISD 500m
	Load level
	Scheme
	(M,N,P,Q)
	RU [%]
	5% UPT
	50% UPT
	Avg. UPT

	Light-

loaded
	Phase-1
	(8,4,2,8)
	19.0 
	100%
	100%
	100%

	
	Transparent KP
	(8,4,2,16)
	17.5 
	111%
	105%
	102%

	
	
	(8,4,2,32)
	17.6 
	110%
	106%
	102%

	
	
	(8,4,2,64)
	17.2 
	110%
	111%
	105%

	Medium-loaded
	Phase-1
	(8,4,2,8)
	57.0 
	100%
	100%
	100%

	
	Transparent KP
	(8,4,2,16)
	59.7 
	92%
	94%
	94%

	
	
	(8,4,2,32)
	59.9 
	94%
	98%
	96%

	
	
	(8,4,2,64)
	60.2 
	86%
	100%
	97%

	Heavy-

loaded
	Phase-1
	(8,4,2,8)
	75.0 
	100%
	100%
	100%

	
	Transparent KP
	(8,4,2,16)
	86.4 
	68%
	82%
	83%

	
	
	(8,4,2,32)
	90.9 
	55%
	75%
	75%

	
	
	(8,4,2,64)
	91.0 
	63%
	71%
	75%


Table 3. Performance evaluation for beamformed CSI-RS for 3D-UMi with ISD 200m
	Load level
	Scheme
	(M,N,P,Q)
	RU [%]
	5% UPT
	50% UPT
	Avg. UPT

	Light-

loaded
	Phase-1
	(8,4,2,8)
	19.0 
	100%
	100%
	100%

	
	Beamformed

CSI-RS
	(8,4,2,16)
	17.1 
	119%
	113%
	106%

	
	
	(8,4,2,32)
	18.1 
	108%
	106%
	102%

	
	
	(8,4,2,64)
	18.1 
	108%
	108%
	103%

	Medium-loaded
	Phase-1
	(8,4,2,8)
	57.0 
	100%
	100%
	100%

	
	Beamformed

CSI-RS
	(8,4,2,16)
	48.1 
	114%
	109%
	106%

	
	
	(8,4,2,32)
	48.1 
	111%
	106%
	104%

	
	
	(8,4,2,64)
	50.4 
	103%
	102%
	102%

	Heavy-

loaded
	Phase-1
	(8,4,2,8)
	75.0 
	100%
	100%
	100%

	
	Beamformed

CSI-RS
	(8,4,2,16)
	69.3 
	120%
	113%
	110%

	
	
	(8,4,2,32)
	69.3 
	117%
	111%
	109%

	
	
	(8,4,2,64)
	77.0 
	98%
	95%
	95%


Table 4. Performance evaluation for beamformed CSI-RS for 3D-UMa with ISD 500m
	Load level
	Scheme
	(M,N,P,Q)
	RU [%]
	5% UPT
	50% UPT
	Avg. UPT

	Light-

loaded
	Phase-1
	(8,4,2,8)
	19.0 
	100%
	100%
	100%

	
	Beamformed

CSI-RS
	(8,4,2,16)
	13.6 
	140%
	121%
	111%

	
	
	(8,4,2,32)
	16.3 
	106%
	103%
	101%

	
	
	(8,4,2,64)
	16.3 
	101%
	100%
	99%

	Medium-loaded
	Phase-1
	(8,4,2,8)
	57.0 
	100%
	100%
	100%

	
	Beamformed

CSI-RS
	(8,4,2,16)
	44.9 
	123%
	111%
	108%

	
	
	(8,4,2,32)
	47.1 
	110%
	107%
	106%

	
	
	(8,4,2,64)
	49.3 
	107%
	103%
	102%

	Heavy-

loaded
	Phase-1
	(8,4,2,8)
	75.0 
	100%
	100%
	100%

	
	Beamformed

CSI-RS
	(8,4,2,16)
	76.0 
	102%
	104%
	101%

	
	
	(8,4,2,32)
	71.6 
	114%
	113%
	110%

	
	
	(8,4,2,64)
	76.0 
	108%
	104%
	102%
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