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1 Introduction
In 3GPP RAN1#85, the following were agreed for non-precoded CSI-RS enhancements for supporting up to 32 antenna ports for eFD-MIMO [1]:

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
In this contribution, we further discuss the non-precoded {20, 24, 28, 32} ports NZP CSI-RS design for Class A eFD-MIMO.
2 Discussion on CSI-RS resource configuration
As agreed in RAN1#85 meeting, a 24 or 32-ports CSI-RS resource is composed as an aggregation of K CSI-RS resource configurations. The number of CSI-RS port in each configuration can be same, e.g., Mk=4 or 8. It is also discussed to have possible down-selection of the value of Mk in next meeting.  In our view, the down-selection of Mk is to trade-off between configuration flexibility and UE implementation complexity. We prefer to use Mk = 8 for the 24 and 32-ports CSI-RS resource. Details are shown in Table 1 below.
Table 1: Proposed 24 and 32-ports CSI-RS resource configurations
	Total number of 
CSI-RS ports
	Number of antenna ports per resources (N)
	Number of CSI-RS configurations (K)

	24
	8
	3

	32
	8
	4


For 20 and 28-ports CSI-RS resource configuration, there are two options. One is to use the same Mk as the 24- and 32-ports CSI-RS resource, and the other is to use a different Mk for K CSI-RS configurations. The difference between two options is whether to support port sharing with legacy CSI-RS for backward compatibility. If the same Nk is used for aggregation then the port sharing with legacy CSI-RS may not be supported. For example, if 20-ports CSI-RS which is aggregated by five legacy 4-ports resource aggregation, the port sharing with a Rel-13 16-ports NZP CSI-RS resource is not supported when CDM-4 is configured. This is because that one port of 16-port CSI-RS resource is mapped to a group of 4 REs in two adjacent tones and two adjacent symbols. However, for 20-ports CSI-RS, each port is mapped to the 4 REs of a 4-port CSI-RS configuration which are not continuous on frequency domain. Considering that there could be multiple legacy UEs not supporting more than 16-ports and the port sharing is efficient to reduce the overall CSI-RS overhead in the cell, we prefer to use different Nk for 20-ports and 28-ports CSI-RS resource. Details can be found in Table 2. An example of the mapping of the 20-ports and 28-ports CSI-RS resource to K CSI-RS configurations is also shown in Figure 1.
Table 2: Proposed 20 and 28-ports CSI-RS resource configurations
	Total number of 
CSI-RS ports
	Number of antenna ports (Nk)
	Number of CSI-RS configurations (K)

	20
	N1=8, N2=4, N3=8
	3

	28
	N1=8, N2=4, N3=4, N4=4, N5=8
	5
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Figure 1. Example of the mapping of the 20- and 28-ports CSI-RS with CDM-4
Proposal 1: Consider the following aggregation approach for constructing {20, 24, 28, 32} ports CSI-RS resource

· 20-ports CSI-RS: 3 CSI-RS configurations with N1=8, N2=4 and N3=8

· 24-ports CSI-RS: 3 CSI-RS configurations with same Nk=8 for all k

· 28-ports CSI-RS: 5 CSI-RS configurations with N1=8, N2=4, N3=4, N4=4 and N5=8

· 32-ports CSI-RS: 4 CSI-RS configurations with same Nk=8 for all k

3 Discussion on CSI-RS overhead reduction
One design target for the Rel-14 CSI-RS design is to reduce CSI-RS overhead. Several approaches were discussed in previous meetings and summarized below.

· Scheme 1: Configurable CSI-RS frequency-domain density 

· Scheme 2: Allow CSI-RS port sharing with legacy CSI-RS

· Scheme 3: Configurable RPF pattern 

· Scheme 4: Frequency domain MR 
Scheme 1 is proposed to reduce the CSI-RS density in frequency domain. Currently the CSI-RS density is 1 RE/RB/port. There are up to 40 REs in one RB available for CSI-RS. Therefore it shall be possible to map all the CSI-RS ports of a Rel-14 NZP CSI-RS resource in one subframe by maintaining the same per-port density. Reducing the CSI-RS density to 0.5 RE/RB/port can reduce the total CSI-RS overhead in the cell as analyzed in Table 3, but it cannot support backward compatibility. In other words, if there is any legacy UE in the cell not supporting more than 16-ports, then the network need to configure two CSI-RS resources with different density, such as one 32-ports CSI-RS with a density of 0.5 RE/RB/port for Rel-14 UE and one 16-ports CSI-RS with a density of 1 RE/RB/port for Rel-13 UE. Since it is not possible to share the resource elements between two CSI-RS resources, the overall CSI-RS overhead is same to two CSI-RS resources with same density of 1 RE/RB/port for which port sharing is allowd.
Reducing the CSI-RS density, especially in the frequency domain was proposed as one mechanism to reduce the CSI-RS overhead. However, as discussed in some contributions the throughput gain achieved by a reduced CSI-RS density appears to be small. Detailed analysis is provided in Table 3 below, where we assume 2 CRS ports, 3 PDCCH OFDM symbols, PSS/SSS, PBCH and 2 DMRS ports for the overhead calculation. As seen from the table, a reduced CSI-RS RE density only achieves a marginal improvement of about 3% on data throughput for 5ms CSI-RS periodicity for CSI-RS reuse factor 1.
Table 3: Estimated throughput gain of the reduced CSI-RS density for 32-ports CSI-RS (assuming 2 CRS ports, 3 PDCCH OFDM symbols, PSS/SSS, PBCH and 2 DMRS ports and 5ms CSI-RS periodicity)
	Number of CSI-RS ports
	0.5 RE/RB/port
	0.75 RE/RB/port

	CSI-RS Reuse factor 1
	3.18%
	1.59%

	CSI-RS Reuse factor 3
	10.94%
	5.37%


Additionally, the reduction of the CSI-RS density in the frequency domain will also degrade CSI-RS channel estimation accuracy, especially for cell edge UEs. Figure 2 compares the MSE performance of channel estimation for different CSI-RS density and CDM length. In the simulation, the DFT-based MMSE channel estimation is applied. The channel is 3D UMi. Figure 2 shows that at low SNR the reduced CSI-RS density suffers from about 3dB MSE performance loss compared to that of 1 RE/RB/port. And at high SNR there is saturation for low CSI-RS RE density. 
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Figure 2. MSE performance for channel estimation for different CSI-RS density and CDM length
System level evaluations results for different CSI-RS density are provided in Table 4 for 32 CSI-RS ports using CDM-4. It is assumed that CSI-RS is colliding with neighboring cell CSI-RS transmission with a reuse factor of 1 or 3. Non-full buffer traffic model with 70% loading is applied in the simulation. Other simulation assumptions can be found in the Appendix. It can be seen that the simulation results are well aligned with the analysis in Table 3. For reuse factor 1, there is only less than 1.5% performance gain on 50% UPT but 2-3% degradation on 5% UPT for low CSI-RS RE density.
Table 4: Non-full buffer simulation results with different CSI-RS density
	32TxRU, (M,N,P)=(8,4,2), Config2, 3D-UMa
	5%-tile (Mbps)
	50%-tile (Mbps)
	Mean (Mbps)

	Reuse factor 1
	1 RE/RB/port
	5.669
	17.021
	20.978

	
	0.5 RE/RB/port
	5.658       (-2.42%)
	17.487 (1.22%)
	21.470 (0.30%)

	Reuse factor 3
	1 RE/RB/port
	5.164
	14.945
	18.322

	
	0.5 RE/RB/port
	5.668 (9.76%)
	16.516 (10.51%)
	20.243 (10.48%)


Given the limited benefits and backward compatibility issue, the proposal to reduce the CSI-RS port RE density is not acceptable. Therefore, we propose to keep the existing CSI-RS density of 1 RE/RB/port for Rel-14 NZP CSI-RS resource when CDM length 2 or 4 is configured.

Proposal 2: CSI-RS density of 1RE/RB/port is maintained for Rel-14 NZP CSI-RS design at least for CDM length 2 or 4.

4 Discussion on CDM length

For Rel-13 NZP CSI-RS resource with 12 and 16 ports, the CDM length is configurable between 2 and 4. The CDM length 4 is targeted for full power utilization to improve the CSI-RS coverage, and the OCC length 2 is used for supporting backwards compatibility. The use of OCC length 2 and 4 shall be maintained for Rel-14 NZP CSI-RS resource for supporting backward compatibility. However, it is noted that full power utilization is not achieved for {20, 24, 28, 32} CSI-RS ports even with OCC-4. For example, there is a 3dB coverage loss for 32 ports compared to 16-ports CSI-RS. Therefore it was proposed to support CDM-8 for Rel-14 NZP CSI-RS to achieve full power utilization. 

If CDM-8 is supported then the construction of RE set for CDM spreading shall be discussed. Because not all the 8 CSI-RS REs can achieve full power utilization, such as using 8 CSI-RS REs on symbol 5 and 6. Additionally, the CSI-RS pattern is different for normal DL subframe and special subframe and there is only 4 OFDM symbols for CSI-RS in the special subframe. If CDM-8 is supported then the mapping shall support spreading across 4 OFDM symbols to allow CDM-8 in both normal DL and special subframe. Furthermore, it is noted that CDM-8 will not support backward compatibility and the network may need to configure additional REs for legacy CSI-RS. To reduce overall CSI-RS overhead, the CSI-RS RE density for CDM-8 can be reduced to 0.5 RE/RB/port.

System level evaluations results for different CDM length are provided in Table 5 for 32 CSI-RS ports on 3D-UMa. It is assumed that CSI-RS is colliding with neighboring cell CSI-RS transmission with a reuse factor of 1 or 3. Non-full buffer traffic model with 70% loading is applied in the simulation. Other simulation assumptions can be found in the Appendix. It can be seen that the performance loss from non-full power utilization, e.g., using CDM-2 or 4 is less than 5% for both CSI-RS reuse factor 1 or 3, however, a combination of CDM-8 and low CSI-RS RE density could provide 11-12% throughput gain for CSI-RS reuse factor 3.
Table 5: Non-full buffer simulation results with different CSI-RS density
	32TxRU, (M,N,P)=(8,4,2), Config2, 3D-UMa
	5%-tile (Mbps)
	50%-tile (Mbps)
	Mean (Mbps)
	5%
	50%
	Mean

	Reuse factor 1
	CDM2 w/ 1 RE/RB/port 
	5.514
	16.529
	20.678
	
	
	

	
	CDM4 w/ RE/RB/port 
	5.669
	17.021
	20.978
	2.82%
	2.98%
	1.45%

	
	CDM8 w/ 1 RE/RB/port 
	5.718
	17.094
	21.092
	3.70%
	3.42%
	2.00%

	
	CDM8 w/ 0.5 RE/RB/port
	5.781
	17.164
	21.338
	4.84%
	3.84%
	3.19%

	Reuse factor 3
	CDM2 w/ 1 RE/RB/port 
	5.134
	14.452
	18.216
	
	
	

	
	CDM4 w/ RE/RB/port 
	5.164
	14.945
	18.322
	0.58%
	3.41%
	0.58%

	
	CDM8 w/ 1 RE/RB/port 
	5.316
	15.017
	18.429
	3.55%
	3.91%
	1.17%

	
	CDM8 w/ 0.5 RE/RB/port
	5.714
	16.220
	20.285
	11.31%
	12.23%
	11.36%


Proposal 3: CDM length 2 and 4 shall be maintained for Rel-14 NZP CSI-RS resource for backward compatibility. 

Proposal 4: If CDM-8 is supported for achieving full power utilization for Rel-14 NZP CSI-RS resource, the CDM-8 shall be applied to both normal DL and special subframe. The CSI-RS density for CDM-8 can be configurable between 1 RE/RB/port and 0.5 RE/RB/port.
5 Conclusions
In summary, we discuss the non-precoded CSI-RS design aspects for {20, 24, 28, 32} ports CSI-RS. We make the following proposals: 
Proposal 1: Consider the following aggregation approach for constructing {20, 24, 28, 32} ports CSI-RS resource

· 20-ports CSI-RS: 3 CSI-RS configurations with N1=8, N2=4 and N3=8

· 24-ports CSI-RS: 3 CSI-RS configurations with same Nk=8 for all k

· 28-ports CSI-RS: 5 CSI-RS configurations with N1=8, N2=4, N3=4, N4=4 and N5=8

· 32-ports CSI-RS: 4 CSI-RS configurations with same Nk=8 for all k

Proposal 2: CSI-RS density of 1RE/RB/port is maintained for Rel-14 NZP CSI-RS design at least for CDM length 2 or 4.

Proposal 3: CDM length 2 and 4 shall be maintained for Rel-14 NZP CSI-RS resource for backward compatibility. 

Proposal 4: If CDM-8 is supported for achieving full power utilization for Rel-14 NZP CSI-RS resource, the CDM-8 shall be applied to both normal DL and special subframe. The CSI-RS density for CDM-8 can be configurable between 1 RE/RB/port and 0.5 RE/RB/port.
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Appendix
	Parameter
	Value

	Scenario
	3D-UMa (200m ISD) 

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	eNB Antenna configuration
	 (M, N, P, MTxRU, NTxRU) = (8, 4, 2, 4, 4)

	Codebook configuration
	(N1,N2) = (MTxRU, NTxRU), (O1,O2) = (4,4), Config = 2

	UE antenna configuration
	2 RX with X-Pol

	UE mobility 
	3km/h

	Traffic model
	FTP (4Mb per packet, 70% RU)

	UE association
	RSRP on CRS port0 with 3dB handover margin

	MIMO configuration
	Dynamic SU/MU: rank adaptation

Up to 2 layers for each UE and up to 4 layers per cell

	Scheduling algorithm
	PF

	Receiver
	MMSE-IRC receiver

	CSI feedback 
	PUSCH Mode 3-2, 5ms CSI delay

	Overhead
	CRS, PSS/SSS, DMRS, PCFICH, PDCCH, CSI-RS(ports number dependent)
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