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1. Introduction
For non-precoded CSI-RS, 16/32/64-port CSI-RS is needed for 16/32/64TXRU. As the number of CSI-RS antenna port increases, the Tx power and the coverage of each CSI-RS port will reduce correspondingly. This impacts the pilot estimation accuracy, CSI accuracy and the system throughput of non-precoded CSI-RS.  
Initial simulation results were shown in the last meeting to demonstrate the performance impact of reduced CSI-RS coverage for non-precoded CSI-RS. Additional simulation results are presented in this contribution to further analyze this issue.
2. System model
The difference between non-precoded CSI-RS and beamformed CSI-RS is the mapping between the CSI-RS antenna port and the TXRU. Specifically:
· 1-1 mapping between CSI-RS port and TXRU (non-precoded CSI-RS)
· Each CSI-RS port is mapped to one TXRU, illustrated in Fig. 1. 
· For 16/32/64 TXRU, 16/32/64-port CSI-RS is needed. 
· 1-N mapping between CSI-RS port and TXRU (beamformed CSI-RS)
· Each CSI-RS port is digitally virtualized to multiple TXRU, illustrated in Fig.2.  
· CSI-RS port number remains same as Rel.12 system (e.g. 2, 4, or 8 port).
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Fig. 1: TXRU-specific mapping                                             Fig.2: Beamformed CS-RS
3. Discussion
3.1. General discussion

To keep the total transmission power of the eNodeB constant, a TXRU could only transmit a fraction of the total transmission power. That is, for 8, 16, 32, and 64 TXRU, the transmission power of a TXRU is 1/8, 1/16, 1/32, and 1/64 of total transmission power. For non-precoded CSI-RS, each CSI-RS port can utilize the power of one TXRU only. Hence, as the number of TXRU increases, the available transmit power of each CSI-RS port decreases reverse proportionally. For beamformed CSI-RS, since each CSI-RS port can utilize the power of N TXRU, the same coverage as a legacy 8 port system can be maintained.
Observation:
· Increasing number of CSI-RS antenna port results in a linearly decreased Tx power of each CSI-RS port, leading to increased pilot estimation error and CSI error. 
· 3dB, 6dB and 9dB CSI-RS coverage loss may be experienced by non-precoded CSI-RS of 16/32/64 ports, compared to beamformed CSI-RS. 
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Fig. 3: 8-port CSI-RS resource pattern 
3.2. Power boosting 
Power boosting of CSI-RS against PDSCH EPRE has been supported since Rel.10 to ensure the CSI-RS coverage. The range of CSI-RS power boosting depends on several factors, including the CSI-RS design pattern as well as the number of CSI-RS port number. 

Rel.10 CSI-RS pattern design is based on the combination of CDM/FDM, where each CDM group supports 2 orthogonal CSI-RS ports, with up to 4 FDM groups in each PRB. The number of FDM group (that is, 4) naturally allows CSI-RS power boosting up to 6dB without impacting the PDSCH EPRE. It is also noted that 6dB power CSI-RS power boosting is the maximum feasible value recommended by RAN4 (c.f. [5]). Higher power boosting exceeding 6dB is challenging due to practical implementation issues (e.g. phase noise, in-band/out-band distortion) as well as increased difficulty to meeting the operating band unwanted emission requirement (TS 36.104, clause 6.6.3), which is established based on regulatory requirement and cannot be relaxed. 
Observation:
· Maximum 6dB CSI-RS power boosting was recommended by RAN4 due to various implementation issues [5].
4. Performance evaluation

Performance of non-precoded CSI-RS and beamformed CSI-RS are compared in this section by taking into account the actual CSI-RS power/coverage in the pilot estimation and CSI feedback. For non-beamformed CSI-RS (165/32/64 ports), the following two configurations are modeled:

· Alt1: CSI-RS of a cell collides with CSI-RS of all other cells. 
· In other words, all cells are configured with the same CSI-RS resource, where the network has a CSI-RS reuse of 1. This is considered a more idealistic assumption. 
· Alt2:  CSI-RS of a cell collides with PDSCH of other cells. 
Two scenarios are considered in this evaluation: 3D UMi with 2GHz frequency (3D-UMi), 3D UMa with 2GHz frequency and ISD 200m (3D-UMa-200m). Antenna array of (M, N, P) = (8, 4, 2) is considered. Evaluations are carried out for 16, 32, and 64TXRU configuration individually. CSI-RS beamforming with 8 beams per cell is assumed. CSI-RS overhead for 8 is 64 REs/PRB if all CSI-RS resources are configured in the same subframe. Rel.12 8Tx codebook is used for feedback CSI with the configured CSI-RS.  Beamforming vectors for CSI-RS transmission are designed as DFT vectors. According to UE distribution, CSI-RS beams are designed to match direction in [70, 110] degree and [90, 120] degree in 3D-UMi and 3D-UMa-200m scenario respectively. The beams are arranged as evenly as possible in elevation domain. Detailed beam directions are listed in Table I. 

Table I: Down tilt values of CSI-RS beams and DFT codebook
	Number of CSI-RS beams
	Down tilt values for 3D-UMi (degree)
	Down tilt values for 3D-UMa-200m (degree)

	N = 8
	75.5, 82.8, 86.4, 90, 93.6, 97.2, 100.8, 108.2
	90, 93.6, 97.2, 100.8, 104.5, 108.2, 112, 115.9


For non-precoded CSIRS, it assumed that the system has N CSI-RS antenna ports, one-to-one mapped to each TXRU. Non-ideal CSI feedback with single CSI-process is assumed where UE report a N-Tx PMI from a composite codebook 
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are the component codebooks. In our simulation we use Rel.12 8Tx codebook for 
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 in horizontal dimension, and a 4-bit DFT codebook for 
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. Down tilt values of the DFT codebook is also scenario-specific. CSI-RS overhead for non-precoded CSIRS is 16, 32, and 64 REs/PRB for 16, 32, and 64TXRU respectively.

Table II – Table V present evaluation results for FTP traffic and full buffer traffic in the two considered scenarios. With FTP traffic, user arrival rate of 
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=4 is assumed, leading to approximately 50% resource utilization. From the results, we can have the following observations.
Observations:
· Both non-precoded CSI-RS and beamformed CSI-RS show performance loss with interference assumption of alt.2 compared to alt.1. However, the loss for non-precoded CSIRS is much larger since the CSIRS signal power in each port would be reduced with increased TXRU number compared to CSIRS beamforming.

· With the rather ideal CSI-RS modeling alt.1 (e.g. CSI-RS of all cells colliding), performance of beamformed CSI-RS and non-precoded CSI-RS are comparable. 
· With interference assumption alt.2 and 32 or 64 TXRU, CSIRS beamforming shows significant gain over non-precoded CSIRS. The gain comes from more accurate CSIRS channel estimation and hence more accurate CSI feedback. 

· With interference assumption alt.2 and 16 TXRU, the performance of the two schemes is similar. It is a result of tradeoff between channel estimation accuracy and CSI-RS overhead. Coverage loss of non-precoded CSIRS relative to CSIRS beamforming is 3dB, so CSIRS beamforming is still able to get more accurate channel estimation accuracy. But the gain is offset by CSI-RS overhead.
Some further comments on the CSI-RS configuration: 

· In practical scenarios, the interference to CSIRS may come from PDSCH or CSIRS in a neighboring cell depending on cell-planning. In case that there is strong interference on CSIRS, e.g. from PDSCH, the poor coverage of CSI-RS would prevent FD-MIMO from achieving performance gain for non-precoded CSIRS, for 32 and 64 TXRU.

· With 16 TXRU, the performance of non-precoded CSIRS and CSIRS beamforming is comparable. However, non-precoded CSIRS has significantly higher standardization and implementation complexity. 
Table II: Performance of FD-MIMO, 3D-UMi, FTP traffic, 
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=4 
	Configuration
	CSI-RS configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMi
	16TXRU
	Non-precoded CSIRS, alt-1
	7.66 
	0.00%
	23.79 
	0.00%
	27.31 
	0.00%
	44.1%

	
	
	CSIRS beamforming, alt-1
	6.91 
	-9.88%
	22.57 
	-5.14%
	25.77 
	-5.61%
	43.8%

	
	
	Non-precoded CSIRS, alt-2 
	7.07 
	0.00%
	23.62 
	0.00%
	27.02 
	0.00%
	44.8%

	
	
	CSIRS beamforming, alt-2
	6.60 
	-6.77%
	22.24 
	-5.83%
	25.42 
	-5.94%
	45.3%

	
	32TXRU
	Non-precoded CSIRS, alt-1
	9.14 
	0.00%
	27.27 
	0.00%
	30.14 
	0.00%
	37.4%

	
	
	CSIRS beamforming, alt-1
	8.65 
	-5.44%
	25.80 
	-5.38%
	28.57 
	-5.23%
	39.3%

	
	
	Non-precoded CSIRS, alt-2 
	6.94 
	0.00%
	24.83 
	0.00%
	27.55 
	0.00%
	44.2%

	
	
	CSIRS beamforming, alt-2
	8.86 
	27.66%
	26.44 
	6.48%
	29.18 
	5.91%
	38.2%

	
	64TXRU
	Non-precoded CSIRS, alt-1
	10.59 
	0.00%
	27.81 
	0.00%
	30.87 
	0.00%
	35.3%

	
	
	CSIRS beamforming, alt-1
	9.84 
	-7.06%
	27.57 
	-0.85%
	30.58 
	-0.94%
	35.8%

	
	
	Non-precoded CSIRS, alt-2 
	5.86 
	0.00%
	24.07 
	0.00%
	26.89 
	0.00%
	44.4%

	
	
	CSIRS beamforming, alt-2
	9.66 
	64.82%
	27.33 
	13.56%
	30.24 
	12.47%
	37.0%


 Table III: Performance of FD-MIMO, 3D-UMa200, FTP traffic, 
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	Configuration
	CSI-RS configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa200
	16TXRU
	Non-precoded CSIRS, alt-1
	6.96 
	0.00%
	22.08 
	0.00%
	25.19 
	0.00%
	46.2%

	
	
	CSIRS beamforming, alt-1
	6.75 
	-3.11%
	21.22 
	-3.88%
	24.41 
	-3.08%
	44.7%

	
	
	Non-precoded CSIRS, alt-2 
	6.45 
	0.00%
	21.51 
	0.00%
	24.68 
	0.00%
	47.6%

	
	
	CSIRS beamforming, alt-2
	6.36 
	-1.31%
	20.68 
	-3.90%
	23.61 
	-4.33%
	46.9%

	
	32TXRU
	Non-precoded CSIRS, alt-1
	8.92 
	0.00%
	24.64 
	0.00%
	27.50 
	0.00%
	40.9%

	
	
	CSIRS beamforming, alt-1
	8.54 
	-4.25%
	24.18 
	-1.90%
	26.86 
	-2.32%
	39.7%

	
	
	Non-precoded CSIRS, alt-2 
	5.74 
	0.00%
	21.19 
	0.00%
	24.12 
	0.00%
	48.9%

	
	
	CSIRS beamforming, alt-2
	8.36 
	45.52%
	23.72 
	11.92%
	26.57 
	10.18%
	41.8%

	
	64TXRU
	Non-precoded CSIRS, alt-1
	9.06 
	0.00%
	25.20 
	0.00%
	27.85 
	0.00%
	39.2%

	
	
	CSIRS beamforming, alt-1
	8.85 
	-2.25%
	24.62 
	-2.29%
	27.28 
	-2.01%
	40.1%

	
	
	Non-precoded CSIRS, alt-2 
	2.17 
	0.00%
	14.08 
	0.00%
	17.25 
	0.00%
	64.7%

	
	
	CSIRS beamforming, alt-2
	8.52 
	293.39%
	24.25 
	72.18%
	27.05 
	56.78%
	40.8%


5. Conclusion

In this paper, CSI-RS coverage of non-precoded CSI-RS is analyzed in terms of pilot estimation error, CSI accuracy and system-level performance. It is recognized that 3dB, 6dB and 9dB CSI-RS coverage loss may be observed for non-precoded CSI-RS (TXRU-specific port mapping) with 16/32/64 CSI-RS ports, compared to beamformed CSI-RS with legacy port CSIRS. From system-level evaluation we come to the following conclusions:
Conclusions: 

· With the rather ideal CSI-RS modeling alt.1 (i.e. CSI-RS of all cells colliding), performance of beamformed CSI-RS and non-precoded CSI-RS are comparable. 
· With CSI-RS modeling alt.2 (i.e. CSI-RS colliding with other cell PDSCH), beamformed CSI-RS with 8 CSI-RS ports provides significant performance gain over non-precoded CSI-RS with 32 and 64 CSI-RS ports. 
· With CSI-RS modeling alt.2, beamformed CSI-RS with 8 ports shows comparable performance with non-precoded CSI-RS with 16 TXRU, but has significantly lower implementation complexity and standardization complexity.
Proposal:

· Capture the above observations and conclusions in the TR. 
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