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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]After the study item of Rel-13, a new WID proposal on Elevation beamforming/FD-MIMO was approved in RAN#68 meeting [1]. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 
· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS
· SRS capacity improvement
· Support for SRS transmission with 4TX antennas as a second priority
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas [RAN1]
· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
· Specify higher layer support of enhancements listed above [RAN2]
· Specify the necessary UE (if any) core requirements [RAN4]
In this contribution, we provided our views on configurations of CSI-RS port number, CSI-RS resource, and CSI-RS pattern for non-precoded CSI-RS-based scheme. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Configuration for the number of CSI-RS ports
To exploit elevation beamforming benefit, two dimensional TxRU array can be formed after mapping between antenna elements and TxRUs. In the non-precoded CSI-RS-based scheme, one TxRU mapping one CSI-RS port can be used to maximize the freedom of channel measurement. To support 12 and 16 CSI-RS ports by extending the existing numbers {1, 2, 4, 8} of CSI-RS ports, RRC signalling to configure the number of CSI-RS ports and CSI-RS resources should be revised.
As described in the Figure 1a, M is the number of CSI-RS ports in one column of one polarization, and N is the number of CSI-RS ports in one row of both polarizations, MxN is the total number of CSI-RS ports. So when M = 1, N with values of {1, 2, 4, 8} presents the legacy number of CSI-RS ports. For the same number of total CSI-RS ports, different configurations of MxN represent different CSI-RS configurations, which may be needed to inform UE of the difference, e.g. two configurations ( MxN is 6x2 and 3x4) for 12 ports, and three configurations (2x8, 4x4, 8x2) for 16 CSI-RS ports. 
Although 12 ports and 16 ports have been approved to be discussed in Rel-13 work item, the configurations for 12 ports with 6x2 and 16 ports with 8x2 are not valuable since too much CSI-RS ports cannot introduce obvious performance gain when only two CSI-RS ports are in the horizontal domain. Therefore, to simplify the configurations of CSI-RS ports and to reduce overhead of CSI-RS and RRC signalling, we can limit the maximum value of M as 4 in Rel-13 work item, which is shown in Figure 1b.
[image: C:\Users\2171490101502\Desktop\图片2.png]                   [image: C:\Users\2171490101502\Desktop\图片7.png]  
         Figure 1a CSI-RS ports with MxN                  Figure 1b CSI-RS ports with MxN under M<=4
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1: Limit maximum number of CSI-RS ports in the vertical domain as 4. 
To distinguish the different CSI-RS ports configurations with same total number, independent configuration for horizontal domain and vertical domain is a straightforward extension. In this case, 2 bits RRC signalling indicates the number of CSI-RS ports in horizontal domain {1,2,4,8}, and the other 2 bits RRC signalling indicates the number of CSI-RS ports in vertical domain {1,2,3,4}. 
Another method to configure the number of CSI-RS ports is composite configuration for H/V domain, which lists all configurations in Figure 1b as 
{1, 2, 4(1x4), 8(1x8), 4(2x2), 8(2x4), 16(2x8), 12(3x4), 8(4x2), 16(4x4)}
To further reduce UE complexity and RRC signalling overhead, some configurations with the same total number of CSI-RS ports may be transparent for UE, e.g. 4(1x4) and 4(2x2), 8(1x8) and 8(4x2). Furthermore, there may be unnecessary to distinguish 8(2x4) with other 8 port configurations if the new codebook cannot introduce enough performance gain. After removing the redundant configurations, there may be some reserved indications even 3bits RRC signalling are used to configure the number of CSI-RS ports, e.g.    
3 bits: {1, 2, 4(1x4, or 2x2), 8(1x8, or 2x4, or 4x2), 12(3x4), 16(2x8), 16(4x4), reserved}
Based on aforementioned analysis, we propose 
Proposal 2: Composite configuration for the number of CSI-RS ports in horizontal domain and in vertical domain should be adopted.
Configuration for CSI-RS resources
As time limitation of Rel-13 work item, the new 12 and 16 CSI-RS port resource can be constricted within the legacy CSI-RS resource pool [2]. Since maximum available resource is 40 REs for a normal subframe, which is enough for 16 CSI-RS ports, we propose to transmit new CSI-RS ports in one TTI and one PRB pair, and keep same CSI-RS density as that of the legacy CSI-RSs for avoiding decay of channel estimation. 
Proposal 3: Transmit all CSI-RS ports in one TTI, and keep CSI-RS density as 1RE/port for 12 and 16 CSI-RS ports.
To use nested structure, 16 CSI-RS ports should be the aggregation of two 8-port CSI-RS resources. However, if the non-overlapped method is adopted, the reuse factor for 16 port CSI-RS pattern is only 2, and one 8-port CSI-RS resource is always unused. To increase potential resource configurations, two arbitrary 8-port CSI-RS resources can be chosen to aggregate 16 CSI-RS ports, and this will lead to [image: ]candidates for FDD, where many CSI-RS resources are partial overlapped. In this case, the existing 5 bits are enough to indicate 16 port CSI-RS resource position. 
However, for 12 CSI-RS ports, there will be too many candidates if three arbitrary 4-port CSI-RS resources or one arbitrary 8-port with one arbitrary 4-port are used. Then, this will lead to more complexity and RRC overhead. So we propose partial overlapping between two contiguous resource configurations as described in Figure 2.

[image: C:\Users\2171490101502\Desktop\图片8.png]
Figure 2 Partial overlapping between two contiguous resource configurations
By this method, the resource for 12 CSI-RS ports are aggregated by three “so called contiguous” 4-port CSI-RS resources and two adjacent configurations have one 4-port resource overlapped. Then, there are 10 potential candidates for FDD, which is equal to the number of candidates of existing 4-port CSI-RS configurations. Also, the similar way can be used to 16 CSI-RS ports.
Proposal 4: Partial overlapping CSI-RS configurations can be considered as described in this contribution.
Alternatively, for 12 CSI-RS ports, 16-port CSI-RS resource can be configured for simplicity, and also for avoiding power boosting issues as described in our companion contribution [3]. In this case, there are 4 REs muted as described in Figure 3.
Proposal 5: For 12 CSI-RS ports, 16-port CSI-RS resource can be configured for simplicity, and also for avoiding power boosting issues.
[image: ]
Figure 3 16-port CSI-RS resource for 12 CSI-RS ports
CSI-RS pattern
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]After CSI-RS resource allocation, the mapping between CSI-RS ports and CSI-RS resources should be considered carefully. For 16 CSI-RS ports, two CSI-RS group can map on two 8-port CSI-RS resources. To improve channel estimation, inter-group hopping can be considered. As shown in Figure 4, CSI-RS port 0 ~ 7 map on the first 8-port CSI-RS resource, and port 8 ~ 15 map on the second 8-port CSI-RS resource for RB#m. But for RB#m+1, port 0 ~ 7 map on the second 8-port CSI-RS resource and port 8 ~ 15 map on the first 8-port CSI-RS resource. By the hopping, the complete channel information can either be achieved in one PRB pair, or in adjacent PRBs with same OFDM symbols.
Proposal 6: CSI-RS group hopping should be considered to improve channel estimation.
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Figure 4 CSI-RS port hopping
3 Conclusion
In this contribution, we provided some proposals for non-precoded CSI-RS-based scheme as follows
Proposal 1: Limit maximum number of CSI-RS ports in the vertical domain as 4.
Proposal 2: Composite configuration for the number of CSI-RS ports in horizontal domain and in vertical domain should be adopted.
Proposal 3: Transmit all CSI-RS ports in one TTI, and keep CSI-RS density as 1RE/port for 12 and 16 CSI-RS ports.
Proposal 4: Partial overlapping CSI-RS configurations can be considered as described in this contribution.
Proposal 5: For 12 CSI-RS ports, 16-port CSI-RS resource can be configured for simplicity, and also for avoiding power boosting issues.
Proposal 6: CSI-RS group hopping should be considered to improve channel estimation.
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