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1 Introduction  
In the last meeting, potential CSI-RS enhancement had been discussed and the following conclusions were agreed [1]. 
Agreements:
· 12 and 16 Port CSI-RS construction for CDM-2

· For 16 port construction:

· Working assumption (N,K) = (8,2), (2,8)

· For 12 port construction:

· Working assumption (N,K) = (4,3), (2,6)

· CSI-RS RE mapping details for CDM-2

· The ports of the aggregated resource correspond to the ports of component resources according to the following:

· The aggregated port numbers are 15, 16, … 30 (for 16 CSI-RS ports)

· The aggregated port numbers are 15, 16, … 26 (for 12 CSI-RS ports)

· FFS: The aggregated port number is given by n=(k-1)*N+p, p = 15,…,14+N,   
· k (= 1,…,K) correspond to the k-th CSI-RS configuration.

· Working assumption CSI-RS RE mapping details for CDM-4

· Full-port CSI-RS can be mapped in each OFDM symbol used for CSI-RS mapping.

· CDM RE set construction 

· Alt 1: time domain only (4 OFDM symbols)

· Alt 2: time and frequency domain (2 subcarriers x 2 OFDM symbols)

· Down-selection or merging of the two alternatives FFS

In this contribution, we focus on the discussion of selection of (N, K) for the aggregation of 16 ports and 12 ports CSI-RS, and the necessity of introduction of CDM-4. 
2 Discussion on CSI-RS resource aggregation for 16 ports 
It has been agreed that 12 ports and 16 ports CSI-RS are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe. And a CSI-RS configuration is associated with K legacy CSI-RS resources, with Nk ports for the kth CSI-RS resource. The configuration details with respect to the K and Nk value should be determined. In the working assumption, the Nk is the same for different CSI-RS resources, i.e., Nk=N. There are some issues for 12 ports with that (N, K)=(4,3). The corresponding number of CSI-RS resource combinations is more than hundred cases. Therefoer the complexity for eNB configuration and UE decoding will increase. Thus, the CSI-RS resource with N1=8, N2=4 (i.e., K=2) is prefered. However, for the sake of progress, it is acceptable to have Nk=N for 12 and 16 ports.  
There are multiple alternatives for the combination of (N, K) discussed in the last meeting. Our view is that it is not necessary to have multiple configurations for (N, K) and only one simple configuration definition for each CSI-RS ports number is sufficient. As the CSI-RS configurations constructed by (N, K) of smaller granularity of N will always be the superset of the CSI-RS configurations constructed by (N, K) of larger granularity of N. For instance, for 16 ports CSI-RS, the CSI-RS configuration with (N, K) of (2, 8) will always incorporate all the CSI-RS configurations with (N, K) of (8, 2).There is no reason to adopt both of the two alternatives.
It is known that more CSI-RS configurations can be obtained with smaller granularity of Nk. For 16 ports, the combination number can reach up to 12590 with (N, K) of (2, 8). Despite more configurations can be achieved, it is questionable about the benefit brought by it. The large amount of configurations will bring heavy burden for the network to coordinate the CSI-RS between different cells, e.g., muting for the CoMP scenario. Besides the coordination between different cells, it is also complicated to coordinate the new CSI-RS configuration and the legacy CSI-RS configuration to avoid the overlapping. From the perspective of implementation, the channel estimation complexity for UE also increases significantly if the large amount of combinations is introduced.
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Figure1.16 ports CSI-RS with (N,K)=(2,8)             Figure2.16 ports CSI-RS with (N,K)=(8,2)

In addition, although a large amount of configurations with (N, K) of (2, 8) can be obtained, a considerable number of the configurations among them are invalid. As illustrated in Figure 1, it is one possible configuration out of the total 12590 configurations generated with more flexibility than that in Figure 2. This irregular pattern occupies three OFDM symbol pairs, and each OFDM symbols contains different number of CSI-RS ports .First of all, it will lead to three distinct different phase shifts among three CSI-RS ports groups .Port 0~3 and port 4~17 has the phase shift of 
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, port 4~13 and port 14~15 has the phase shift of 
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, port 0~3 and port 14~15 has the phase shift of 
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.It is well known that this phase shift caused by frequency offset will eventually be reflected in the codebook and it impacts the accuracy of the actual PMI reporting. In this sense, the CSI-RS ports in one configuration should span at most two adjacent OFDM symbol pairs to avoid introduction of any additional artificial phase shifts. 
Meanwhile, if taking power efficiency issue into consideration, different port group within one configuration in Figure 1 has different power boosting due to unequal ports number distributed in different OFDM symbol pairs, e.g.3dB for the first OFDM symbol pairs, 6dB for the second OFDM symbols. In consequence, it will lead to the measurement performance loss. To achieve equal power boosting for each CSI-RS port, the total CSI-RS ports should be distributed equally in the two OFDM symbol pairs. For 16 ports CSI-RS, each OFDM symbol pair contain 8 CSI-RS ports can have a same 6dB power boosting for each port.
From the signaling perspective, (N, K) of (2, 8) requires additional signaling overhead than (N, K) of (2, 8). 
According to the above discussions, (N, K) of (2, 8) has the following drawbacks
· eNB coordination complexity

· UE channel estimation complexity

· phase shift errors

· power imbalance

· additional signaling overhead

It can be seen that the configuration of  (N,K)=(2,6) generated with additional flexibility than configurations of (N,K)=(8,2) brings no benefit but severe drawbacks and it cannot apply in the practical system. The granularity with N=8 for the construction is sufficient. Therefore, the following proposal is given:

 Proposal 1: For 16 ports CSI-RS, only (N, K) = (8, 2) should be defined.
3 Discussion on CSI-RS resource aggregation for 12 ports 
For 12 port CSI-RS, there are two alternatives with (N, K) = (4, 3), (2, 6) in the working assumption in last meeting. From the discussion in the above section for 16 ports CSI-RS, it can be concluded that granularity with N=2 has no benefits. If also considering muting is performed with the minimum granularity of 4 ports, (N, K) = (4, 3) is preferred.
To keep the power boosting imbalance issue, each OFDM symbol should have the same number of CSI-RS ports. Therefore, the 12 CSI-RS ports are divided into two groups.  The first group consist of port 0 to port 7 and the second group consist of port 8 to port 11.The two groups are transmitted on different OFDM symbols in an alternating manner across adjacent PRB pair. In addition to resolve the power imbalance issue, this mapping method can also alleviate the phase shift problem as different CSI-RS ports are apart from each other in time domain. By adopting this method, all the CSI-RS ports can be transmitted in the same OFDM symbols, thus no phase shift error occurs within one CSI-RS configurations of 12 or 16 ports.
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Figure 3.one PRB pair based 12 ports CSI-RS pattern design
Proposal 2: For 12 ports CSI-RS, only (N, K) = (4, 3) should be defined.
Proposal 3: For 12 ports and the two CSI-RS port groups span across two OFDM symbol pairs, they are transmitted on different OFDM symbols in an alternating manner across adjacent PRB pair. 
4 Discussion on CDM-4 for CSI-RS
It has been proposed to use CDM-4 to alleviate the power inefficiency problem. However, in the contribution [2], it shows the CDM-4 only has 0.06% cell average gain and 4.36% cell edge gain over CDM-2, where the gain is very marginal. In the following, we also provide our the simulation results for the comparison between CDM-4 and CDM-2 in Table 1, where the CDM-4 is considered with additional 3 dB power boosting in the channel measurement than the CDM-2 However, the drawbacks, e.g., estimation complexity increasing, CSI-RS reuse factor reduction, and channel estimation decreasing with non-orthogonality of  CDM-4 is not considered in the simulation, which means the performance gain shown in the simulation shows the upper bound of CDM-4.
Table 1: performance gain upper bound of CDM-4 over CDM-2 (16TxRU, FTP, 3D-UMa)

	
	5% - UPT (bps/Hz)
	Upper bound Gain
	50% UPT (bps/Hz)
	Upper bound Gain
	Average UPT (bps/Hz)
	Upper bound Gain

	CDM-2 (6dB power boosting)
	0.89
	-
	2.37
	-
	2.69
	-

	CDM-4 (9dB power boosting)
	0.90
	1.12%
	2.39
	1.2%
	2.72
	0.93%


Table 1 listed the performance comparison between 9dB power boosting and 6dB power boosting in burst buffer case with arrive rate being 3.6. Only 0.93% gain can be achieved for average UE throughput and 1.12% gain for 5% UE throughput in the upper bound. Please note that the performance of CDM-4 may be worse than CDM-2 if the draw backs mentioned above are considered.

In addition, we also did simulations in the full buffer traffic model. Compared the CDM-2, the ideal CDM-4 only obtains 0.04% cell average gain and 3.36% cell edge gain in 3D-UMa scenario. 

From the simulation results, it clearly shows that the upper bound of performance gain of CDM-4 is very marginal. If the drawbacks of CDM-4 are also considered, the performance will be worse. 
On the other hand, it also requires standard efforts to define the CDM-4 mapping to the resource. As CDM-4 requires 4 REs to be closed to each other to keep good orthogonality,  it is challenging to define a dedicated mapping method for each 12 ports or 16 ports CSI-RS configuration that constructed by K legacy CSI-RS resources.
In the following Figure 4 to Figure 9, the typical CDM- 4 mapping schemes are listed for CSI-RS configurations aggregated by different legacy resources.
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Figure 4.Alt 1 scheme for CDM-4 mapping                     Figure 5.Alt 2 scheme for CDM-4 mapping 

In Figure 4 and Figure 5, CDM-4 mapping does not solve the power inefficiency issue as two CSI-RS port group are TDMed and half of the total power is wasted. For example, the total power for port-0 with CDM-4, the power with borrowing from the REs in the same OFDM symbol is:
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 is the power per port per RE. With considering of CDM-4, the total power of port-0 is:
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From (2), it is clear that only half of power can be used for each port, i.e., the problem of power efficiency is not soved by CDM-4 in these cases.
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Figure 6.Alt 3 scheme for CDM-4 mapping                     Figure 7.Alt4 scheme for CDM-4 mapping 
For CDM-4 decoding, the channels for the REs on the same colour in Figure 6 and Figure 7 are need to be assumed the same. However, in Figure 6 and Figure 7, the 4 REs are far away. So, the orthogonality of CDM-4 decoding cannot be well guaranteed. 
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Figure 8.Alt 5 scheme for CDM-4 mapping                     Figure 9.Alt 6 scheme for CDM-4 mapping
Alt 5 in Figure 8 and Alt 6 in Figure 9 can achieve relatively better orthogonality than other alternatives. However, there is only 1 CSI-RS configuration is most suitable for the CDM-4 mapping which lead to the CSI-RS reuse factor to be 1.
Therefore, it is proposed to reuse the legacy CDM-2 and the CSI-RS port definition for the CSI-RS resource for 16 ports.

Proposal 4: For 16 and 12 ports CSI-RS, reuse the legacy CDM- 2.  

Only Alt 5 and Alt 6 in Figure 8 and Figure 9 can keep good orthogonality. However, due to the CSI-RS is used for channel estimation, it should support the cases that UE with high mobility. There will be performance loss for the Alt.5 if the UE is with high velocity. Please note that it is different with the DMRS with CDM-4, which aims to high order MU-MIMO with lower mobility. So, if CDM-4 is supported by all the companies, only Alt.6, i.e., all of ports with CDM-4 being located in the middle two OFDM symbols ma be better.
Observation: If CDM-4 is supported, only the Alt.6, i.e., all of the ports with CDM-4 being located in the 9th and 10th OFDM symbols as shown in Figure 9 may be acceptable.  
5 Conclusions
In the section, we give our analysis on 12 and 16 ports CSI-RS enhancements scheme. And we proposed that: 

Proposal 1: For 16 ports CSI-RS, only (N, K) = (8, 2) should be defined.
Proposal 2: For 12 ports CSI-RS, only (N, K) = (4, 3) should be defined.
Proposal 3: For 12 ports and the two CSI-RS port groups span across two OFDM symbol pairs, they are transmitted on different OFDM symbols in an alternating manner across adjacent PRB pair. 
Proposal 4: For 16 and 12 ports CSI-RS, reuse the legacy CDM- 2.  

Observation: If CDM-4 is supported, only the Alt.6, i.e., all of the ports with CDM-4 being located in the 9th and 10th OFDM symbols as shown in Figure 9 may be acceptable.
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Appendix: Simulation assumptions
	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	Antenna 

configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees.

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMa

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	PF 

	traffic model
	FTP 1 with arrive rate 3.6  and Full buffer

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, 
Max paired UE number: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Ideal feedback

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

	Handover margin
	3 dB
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