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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

This contribution presents our views on CSI-RS enhancement to support {20,24,28,32} ports. 
2. Discussion
According to Rel-13 class A, a CSI-RS resource is composed as an aggregation of K CSI-RS configurations, where each CSI-RS configuration has N ports [2]. For 12 port CSI-RS, (N,K)=(4,3), and for 16 port CSI-RS, (N,K)=(8,2). Besides CDM-2, CDM-4 is introduced to achieve full-power utilization.
Following this trend, the {20,24,28,32} port CSI-RS could also be designed by the 2-port, 4-port or 8-port based aggregations. The possible aggregation candidates are given in the following:

· For 20 port construction: (N,K)=(2,10), (4,5)

· For 24 port construction: (N,K)=(2,12), (4,6), (8,3)

· For 28 port construction: (N,K)=(2,14), (4,7)

· For 32 port construction: (N,K)=(2,16), (4,8), (8,4)
Proposal:

· Extend Rel-13 class A CSI-RS aggregation to support {20,24,28,32} ports. 
In addition to the flexible aggregation, reliable CSI-RS coverage is 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 increase, e.g. for 24, 32 port 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. Considering more efficient power utilization, our preference is to focus on CDM-4 for this extension approach. Hence, the Rel-13 CDM-4 4-port and 8-port aggregation could be reused. 
Another disadvantage of this extension scheme lies in that there may be different number of antenna port mapped in different OFDM symbols used for CSI-RS mapping, especially for 20 and 28 port CSI-RS. Figure 1 depicts the Rel-13 12 port CSI-RS RE mapping pattern with CDM-4. For the extension scheme, 20 port CSI-RS could be aggregated by 5 CDM-4 RE groups, e.g. labeled by A/B/C/D/E in the figure. This will cause unbalanced power-boosting for different antenna ports, i.e. the CSI-RS ports mapping to A/B RE group are 3dB boosted while the ports mapping to C/D/E RE group are 4.8dB boosted. As all ports must have the same power, some OFDM symbols will not be transmitted at the maximum power. The same problem also exists for the Rel-13 12 port CSI-RS.
Observations:

· If the 6dB power-boosting assumption is not changed, the full-power utilization will not be achieved for 20 ports and above with either CDM-2 or CDM-4.
· There may be unbalanced power-boosting for different antenna ports for the CSI-RS aggregation approach, which results in some OFDM symbols not being transmitted at the maximum power.
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Figure 1: Rel-13 12 port CSI-RS RE mapping pattern (CDM-4)
If full-power utilization is considered as an important criterion, CDM-8 could be introduced. 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-port pattern used by Rel-13 16 port 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, (N,K)=(8,3) and (N,K)=(8,4) are used for 24 port CSI-RS and 32 port CSI-RS aggregation, respectively. The CDM-8 pattern is also applicable to 20 and 28 port CSI-RS with (N,K)=(8,4). In this way, L antenna ports are multiplexed within a CDM group using OCC=8 sequences. For 20 port CSI-RS, L=5 and for 28 port CSI-RS, L=7. Similarly, as an alternative, we could choose (N,K)=(8,4) with L=6 for 24 port CSI-RS aggregation. Although a total of 32 REs are used for 20 and 28 port CSI-RS, 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 discussed the potential candidates for CSI-RS enhancement. Besides extension of Rel-13 CSI-RS aggregation, we prefer to introduce CDM-8 to support {20,24,28,32} ports. 
Observations:

· If the 6dB power-boosting assumption is not changed, the full-power utilization will not be achieved for 20 ports and above with either CDM-2 or CDM-4.
· There may be unbalanced power-boosting for different antenna ports for the CSI-RS aggregation approach, which results in some OFDM symbols not being transmitted at the maximum power.

Proposals:
· Extend Rel-13 class A CSI-RS aggregation to support {20,24,28,32} ports. 
· Introduce CDM-8 to achieve full-power utilization with 6 dB power-boosting.
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