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1. Introduction

In RAN#71, the work item on further full-dimension MIMO (FD-MIMO) enhancement has been approved [1]. The objective of reference signal enhancement for non-precoded CSI-RS is: 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

The following agreements about the CSI-RS enhancement have been achieved in RAN1#85:
Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8

· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)

· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 

· If Mk=8 is supported, FFS the details

· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k

· FFS port numbering 

· FFS N vs. M

This contribution presents our views on CSI-RS design for {20,24,28,32} ports. 
2. Discussion
According to the above agreement, the {20, 24, 28, 32} ports CSI-RS is aggregated by K CSI-RS configurations. For {24, 32} ports, the same Mk is used for all k, whereas for {20, 28} ports, one alternative is to use different Mk for different k. If this CSI-RS configuration is allowed in Rel-14, there are two possibilities when CDM is considered: 
1) Inherit CDM from Rel-13 for each Mk. Then in case of CDM-4, the RE patterns per port are different, since the CDM group is different for Mk=4 (non-adjacent REs in the frequency domain) and Mk=8 (adjacent REs in the frequency domain) in Rel-13. In this way, the channel estimation of each port may be inconsistent. 
2) Redesign CDM for Rel-14 CSI-RS. One consideration of using different Mk is to support port sharing with Rel-13 and Rel-12 UEs. Such target will not be achieved if CDM in Rel-14 is redesigned, 
Thus, the same principle as Rel-13, i.e. the same Mk is used for all k, should be maintained. 
Proposal:

· Same Mk shall be used for all k for {20, 24, 28, 32} ports. 
The number of REs in the kth configuration Mk determines the aggregation flexibility. However reliable CSI-RS coverage is also required since the CSI-RS transmit power impacts pilot estimation accuracy and CSI accuracy. For non-precoded CSI-RS, the power of each CSI-RS port decreases linearly as the antenna port number increases, e.g. for 24, 32 ports CSI-RS, each CSI-RS port can utilize 1/24, 1/32 of the total power with 24/32 TXRUs. Therefore, the CSI-RS coverage issue is more important for FD-MIMO with increased port number. CSI-RS power boosting could alleviate this issue. But there is a maximum 6dB CSI-RS boosting limitation enforced by practical implementation constraints based on RAN4 inputs [3]. If the 6dB power-boosting restriction is not relaxed, the full-power utilization will not be achieved for 20 ports and above with either CDM-2 or CDM-4. Regarding backward compatibility, the port sharing with Rel-12/13 UEs will severely compromise coverage of the legacy UE. 
In the following, the impact of non-full power utilization to both legacy Rel-12 UE and Rel-14 UE through system level simulations is evaluated. We assume there are 50% Rel-14 UE with 32 ports and 50% Rel-12 UE with 8 ports in the system. Two transmission schemes are compared:
Scheme 1: Port sharing between Rel-12 and Rel-14 UEs with CDM-2. In this scheme, one 32 port Class A CSI-RS resource is configured in a cell for Rel-14 UE, and Rel-12 UE is configured with K=4 8 ports CSI-RS resources. These 8 port CSI-RS resources share the same 32 port CSI-RS resource, i.e. the 32 port CSI-RS resource is divided into 4 groups, which results in 8 port of each group. Because of the port sharing, there is 6dB CSI-RS power loss compared with individual CSI-RS transmission for Rel-12 UEs. 
Scheme 2: Full power utilization for both Rel-12 and Rel-14 UEs. In this scheme, separate CSI-RS resources are configured for Rel-12 UE and Rel-14 UE. For Rel-14 UE, one CDM-8 32 port Class A CSI-RS resource is configured. For Rel-12 UE, K=4 beamformed CDM-2 CSI-RS resources are configured. Each resource has 8 ports, which is beamformed on 32 TXRUs.
In the simulation, the CSI-RS channel estimation error is modeled as below. The estimated channel 
[image: image1.wmf]H

%

 is expressed as:

[image: image2.wmf]()

HHE

a

=+

%


where 
[image: image3.wmf]H

 is the perfect channel response in frequency domain, 
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is the white complex Gaussian variables with zero mean and variance 
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 is the scaling factor to maintain proper normalization, which is expressed by 
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is inversely proportional to the SINR of CSI-RS, and is calculated by 
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 is a factor reflecting the processing gain of channel estimation algorithm, which is acquired from link level simulation. SU-MIMO and rank adaptive (up to rank 2) transmission for each UE are assumed. FTP traffic with the user arrival rate 
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 under 3D-UMa and 3D-UMi are simulated and the detailed simulation parameters are given in the appendix Table A1. We compare these two schemes assuming CSI-RS collides with the other cells’ PDSCH. The simulation results are individually summarized for Rel-12 and Rel-14 UEs as given in the appendix Table A2-3. To be intuitive, Figure 1 depicts the gain of scheme2 over scheme1.
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(a) Rel-12 UE                                                                (b) Rel-14 UE

Figure 1: Performance comparison between port sharing and full power utilization
From Figure 1(a), for Rel-12 UE, scheme 2 achieves significant throughput gain (up to 57%) due to full power utilization. This means the 6dB CSI-RS power reduction severely influences the system performance, which is more than the meager gain due to CSI-RS overhead reduction from CSI-RS sharing between Rel-12 and Rel-14 UEs. Hence, sharing CSI-RS between legacy UE and Rel-14 UE is not justifiable from the system performance point of view. For Rel-14 UE, according to Figure 1(b), CDM-8 based scheme 2 also shows up to 15% gain compared to the non-full power scheme 1. These results prove that full power utilization is beneficial to improve the system performance.
Observations:

· Port sharing between Rel-12 UE and Rel-14 UE will severely compromise coverage of the legacy UE.
· With full power utilization, there is significant throughput gain both for legacy UE and Rel-14 UE.
Full-power utilization is important to retain the competitiveness of non-precoded CSI-RS against beamformed CSI-RS, otherwise the system may simply use beamformed CSI-RS instead. Due to such reason, CDM-8 should be introduced for non-precoded CSI-RS above 16 ports. One possible CDM-8 CSI-RS mapping pattern is shown in Figure 2. One CDM RE set (labeled by the same letter) is constructed by the combination of 4 TDM REs (OFDM symbol 5,6 of slot 0 and slot 1) and 4 TDM/FDM REs (OFDM symbol 2,3 of slot 1). Length-8 Walsh codes can be applied across the 8 REs. Compared with the CDM-4 8-ports pattern used in Rel-13 16 ports CSI-RS, the proposed CDM-8 pattern could both achieve full-power utilization and guarantee equal power-boosting for each antenna port.
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Figure 2: CDM-8 RE set construction
According to the above pattern design, (M,K)=(8,3) and (M,K)=(8,4) are used for 24 ports CSI-RS and 32 ports CSI-RS aggregation, respectively. The CDM-8 pattern is also applicable to 20 and 28 ports CSI-RS with (M,K)=(8,4). In this way, L antenna ports are multiplexed within a CDM group using OCC=8 sequences. The other M-L antenna ports within each CDM group could be set to be zero power. For 20 ports CSI-RS, L=5 and for 28 ports CSI-RS, L=7. Although a total of 32 REs are used for 20 and 28 ports CSI-RS, the throughput gain from full power utilization will be much more significant than the minor overhead increase. Furthermore, it is possible to decrease the CSI-RS density to be less than 1RE/PRB/port if combined with potential CSI-RS overhead reduction in the frequency domain.
Proposal:
· Introduce CDM-8 to achieve full-power utilization with 6 dB power-boosting.
3. Conclusions

In this contribution we presented our views on CSI-RS enhancement. Besides CSI-RS aggregation, the coverage issue is also investigated through system level simulations. The evaluation results prove that full power utilization is beneficial to improve the system performance. We have the following proposals: 
Observations:

· Port sharing between Rel-12 UE and Rel-14 UE will severely compromise coverage of the legacy UE.
· With full power utilization, there is significant throughput gain both for legacy UE and Rel-14 UE.
Proposals:
· Same Mk shall be used for all k for {20, 24, 28, 32} ports. 
· Introduce CDM-8 to achieve full-power utilization with 6 dB power-boosting.
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Appendix
Table A1: Simulation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal: X-pol (+/-45),  0.5λ space
Vertical: 0.8λ space
(M,N,P,Q)=(8,4,2,32) for 8H4V

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

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer model, FTP traffic model 1, lamda=2

	Rank adaptive
	SU, rank adaptive

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation
Realistic interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	CSI feedback
	PUSCH 3-2

	
	CQI, PMI reporting triggered per 10ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB

	CSI-RS planning
	CSI-RS collides with other cells’ PDSCH

reuse factor = 1 without muting


Table A2: Rel-12 UE, FTP traffic model, 
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	Scenarios
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	Scheme 1
	6.71
	0.00%
	25.59
	0.00%
	28.27
	0.00%
	23%

	
	Scheme 2
	10.06
	49.93%
	31.01
	21.18%
	34.68
	22.66%
	19%

	3D-UMi
	Scheme 1
	11.15
	0.00%
	28.93
	0.00%
	34.77
	0.00%
	18%

	
	Scheme 2
	15.43
	38.41%
	45.43
	57.03%
	40.21
	15.64%
	15%

	3D-UMa

(ISD=200m)
	Scheme 1
	11.11
	0.00%
	28.68
	0.00%
	33.01
	0.00%
	18%

	
	Scheme 2
	16.15
	45.37%
	44.18
	54.05%
	39.69
	20.23%
	15%


Table A3: Rel-14 UE, FTP traffic model, 
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	Scenarios
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	Scheme 1
	11.52
	0.00%
	31.39
	0.00%
	35.88
	0.00%
	23%

	
	Scheme 2
	13.33
	15.77%
	33.95
	8.17%
	36.09
	0.58%
	19%

	3D-UMi
	Scheme 1
	15.47
	0.00%
	47.53
	0.00%
	41.05
	0.00%
	18%

	
	Scheme 2
	16.46
	6.34%
	46.08
	-3.05%
	40.55
	-1.22%
	15%

	3D-UMa

(ISD=200m)
	Scheme 1
	15.70
	0.00%
	43.60
	0.00%
	40.00
	0.00%
	18%

	
	Scheme 2
	16.63
	5.88%
	44.18
	1.34%
	39.89
	-0.26%
	15%
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