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1. Introduction

In RAN1#86 meeting, following agreements are captured in the chairman’s note regarding the enhancements of newly supported non-precoded CSI-RS ports in eFD-MIMO.
	Agreements:

· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk = 8, where Mk is the same for all k

· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where, at least for CDM-2, Mk is the same for all k 

· FFS whether Mk = 8 is also supported,  and if so, whether Mk is the same or different for different k for CDM-4

· FFS port indexing

· In Rel-14, CDM-2 and CDM-4 is supported. 

· For CDM-2, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs. 

· FFS CDM-4 port numbering

Working Assumption:

· CDM-8 is supported for at least {24,32} port CSI-RS

· FFS CSI-RS aggregation and CDM mapping details

· FFS additional REs other than legacy CSI-RS RE

Agreement: 

At least for Class A NZP CSI-RS with more than 16 CSI-RS ports:

· All ports in a CSI-RS resource are transmitted within the same subframe 

· i.e. CSI-RS overhead reduction is done in the frequency domain

· CSI-RS density d ∈ {1,1/2, and at least one other value <= 1/3} RE/RB/port 

· Other values of d are not precluded (e.g. 2/3, ¾)

· FFS whether different ports in a CSI-RS resource may have different densities

· FFS PDSCH rate matching in the REs in PRBs with no CSI-RS ports within a group  

· Opt-1: comb like transmission

· Opt-2: frequency domain measurement restriction

· FFS the detailed signalling design




In this contribution, we further discuss the remaining details for aggregation of 20-, 24-, 28- and 32-port CSI-RS designs and mechanism for CSI-RS overhead reduction for Rel-14 eFD-MIMO. 

2. Remaining details on {20, 24, 28, 32} CSI-RS port aggregation
1) Port Aggregation
In the last meeting, it was agreed that 24 and 32 CSI-RS ports are constructed by the aggregation of legacy 8 CSI-RS ports. When CDM-4 is configured, there are still two alternatives of aggregation for 20 and 28 CSI-RS port as follows:
Alt. 1: allows same Mk values for all k

Alt. 2: allows different Mk values for different k

The main purpose of Alt. 2 is enabling CSI-RS resource sharing with legacy Rel-13 or Rel-12 UEs which can support at most 16 or 8 NZP CSI-RS ports, respectively, for reducing the overall CSI-RS overhead. Specifically, Alt. 2 aims to share the newly supported 20- and 28- CSI-RS resources with the Rel-13 16-port CSI-RS. Although sharing {20-, 28-} CSI-RS resources with Rel-13 16-port CSI-RS may maximize the CSI-RS reusing efficiency, Alt. 2 may increase signalling overhead and make the port numbering more complicated. Besides, Alt. 1 can also support to share with Rel-13 12-port CSI-RS by proper port numbering. In addition, if Alt. 2 is supported, RE locations for the CDM-4 pattern can be different according to the Mk values, i.e., for Mk=4, CDM-4 is applied to non-adjacent REs located in legacy 4-port pattern, and for Mk=8, CDM-4 is applied to adjacent 2 by 2 REs in legacy 8-port pattern. Therefore, the performance of channel estimation may be varying per aggregated CSI-RS resource k with Mk ports, if following Alt. 2. Due to these reasons, we prefer Alt. 1 when CDM-4 is configured.
Proposal 1: Adopt (M, K)=(4, 5) for 20 ports CSI-RS, and (M, K)=(4, 7) for 28 ports when CDM-4 is configured.
2) Port numbering with CDM-4
In the case of CDM-4, CSI-RS ports in Rel-13 are sequentially numbered according to the aggregated CSI-RS resources, and thus this port numbering cannot be adopted in Rel-14 if the CSI-RS resource sharing is supported. However, port numbering rule may be diverged according to the supported Rel-14 antenna port layout. Examples for port sharing are depicted in Figure 1 and Figure 2.  Figure 1 shows the port layouts for 24-ports where (a) represents the port layout for (N1,N2)=(3,4) and (b) is for (N1,N2)=(4,3). In the plot, dashed-box indicates the CSI-RS ports shared by Rel-13 UE configured to 16-ports.  It is obvious that shared CSI-RS ports port layout for Rel-13 UE is limited according to the configured port layout for Rel-14 UE, as in Figure 1. As observed in Figure 2, the port numbering rule is also varied according to shared port layout, and thereby it is hard to obtain one unified equation for port numbering. For these reasons, RAN1 may need to down-select supported CSI-RS port layout(s) for CSI-RS port sharing when CDM-4 is configured, or support multiple port numbering rules to be configured as illustrated in Figure 2. 
Proposal 2: RAN1 may need to determine supported CSI-RS port layout(s) for CSI-RS port sharing when CDM-4 is configured or support multiple port numbering rules.
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Figure 1. Examples of CSI-RS port sharing for 24-port  
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Figure 2. Examples of CSI-RS port numbering for 24-port  
3) CDM-8
To ensure the coverage, full power transmission of CSI-RS ports is important. In Rel-14, power boost-up of CSI-RS transmission by CDM-4 may not be satisfactory due to the large number of CSI-RS ports. Thus, CDM-8 is a good candidate for solving this issue. Considering legacy 8-port aggregation in order to construct 24- and 32-port CSI-RS, CDM-8 designs in Figure 3 can be considered. In Figure 3 (a), there are 10 4-port CSI-RS which is a subset of legacy 8-port CSI-RS. Then, the CDM-8 can be applied to the two 4-port CSI-RS within the configured CSI-RS resources. For instance, {0,1,2,3,5,6} 4-port are configured for 24-port CSI-RS, then CDM-8 can be constructed by choosing  two 4-port CSI-RS out of 6 4-port CSI-RS. Selection of two 4-port can be configured by higher layer signalling or can be specified in TS 36.211.  Figure 3 (b) represents an example of 32-port CSI-RS design with CDM-8. In this design, legacy 8-port is divided by 4 alphabets, i.e., A, B, C and D, and CDM-8 is applied to the REs with the same alphabet. Although this design has a merit of the full power transmission of CSI-RS ports, it is only applicable to 32-port CSI-RS. Regarding a port numbering of CDM-8, we can simply reuse port numbering rule applied in Rel-13 CDM-4 as in equation (1).
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Figure 3. Examples of CDM-8 design
Proposal 3: Consider Figure 3 for 24- and 32-port CSI-RS design with CDM-8. 
3. Discussion on overhead reduction in CSI-RS design
To increase the cell reuse factor and reduce the overall network CSI-RS overhead, FDM-based CSI-RS design may be considered. In the FDM-based CSI-RS design, two PRB pairs are employed to construct the new CSI-RS ports. In this case, the CSI-RS density becomes 0.5 RE/RB/port. However, if such FDM-based CSI-RS design is adopted with lower CSI-RS density (<1 RE/RB/port), the channel may not be accurately estimated by the FDM-based CSI-RS. 
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Figure 4. CDF of sum of normalized path gain exceeding a certain path delay  
To observe the degradation of channel estimation accuracy, Figure 4 presents the CDF of sum of normalized path gain exceeding path delay of 4.70, 2.78, 1.39 and 0.69 μs in the 3D-UMi scenario with (4,4,2,32) antenna configuration. In order to ensure robustness for the ISI, the maximum excess delay of dominant multi paths from serving cell should be less than the cyclic prefix (CP) length which is given by 4.7 μs in LTE system. As shown in the plot, about 1% of total UEs with less than 1% of their total path gain has the maximum delay exceeding the CP length of 4.7 μs, and this means that CSI-RS density of 1 RE/RB/port can accurately estimate the channel.  
If we consider CSI-RS design with FDM across two adjacent RB, the CSI-RS port is transmitted every 2 RB, and CSI-RS signal in time domain is repeated 2*12 times with each being 1/(2*12) OFDM duration. Therefore, to ensure the robustness in ISI, the delay spread should be contained within 66.7/(2*12)=2.78 μs which corresponds to the green curves in Figure 4. As we can observe, maximum delay of about 6% of total UEs exceed the X=2.78 μs, and the sum of normalized path gain is less than 5% in most cases. The performance degradation due to the inaccurate channel estimation is expected to be severe as the number of FDMed RB increases. Here, the cases of X=1.39 μs and X=0.69 μs correspond to the FDMed across 3 and 4 RBs, respectively. It is obvious that FDMed across 3 RBs provides more accurate channel estimation performance compared to the FDMed across 4 RBs. Thus, if we need to specified one more CSI-RS density, we prefer to have a CSI-RS density of 1/3 RE/RB/port.
4. Conclusion
In this contribution, we discussed the remaining details on 20-, 24-, 28- and 32-port CSI-RS designs for non-precoded CSI-RS to support eFD-MIMO. The observations and proposals based on the discussion are given below:
Proposal 1: Adopt (M, K)=(4, 5) for 20 ports CSI-RS, and (M, K)=(4, 7) for 28 ports when CDM-4 is configured.

Proposal 2: RAN1 may need to determine supported CSI-RS port layout(s) for CSI-RS port sharing when CDM-4 is configured or support multiple port numbering rules.
Proposal 3: Consider Figure 3 for 24- and 32-port CSI-RS design with CDM-8. 
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