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[bookmark: _GoBack]In 3GPP RAN #71 meeting, work item (WI) on enhancements on FD-MIMO (eFD-MIMO) was agreed for Release 14. According to the WID [1], one of the key objectives of the WI is to specify enhancement on 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. One issue that pertains to all potential CSI-RS enhancements is the wireless resources on which CSI-RS ports are mapped and transmitted. This contribution presents Samsung’s views on following two topics: 1) design principles for the larger numbers of CSI-RS ports, and 2) possible alternatives for CSI-RS overhead reduction.
Issues on non-precoded CSI-RS enhancements for eFD-MIMO
Design principle
To support a large number of CSI-RS antenna ports, the most important issue is to define adequate resources on which CSI-RS is transmitted. For support of 12- and 16-port CSI-RS, various aspects such as CSI-RS RE densities, possible impacts on legacy operation/UEs, CSI-RS power boosting, had been intensively discussed in Release 13. Consequently, using the concept of CSI-RS aggregation, the Rel-13 network is benefitted from high flexibility and good expandability. In addition, CDM-4 CSI-RS port mapping allows full power utilization for CSI-RS transmission with 6dB CSI-RS power boosting despite the larger numbers of CSI-RS ports in Rel-13. Major newly introduced features for Rel-13 non-precoded CSI-RS are as follows:
· CSI-RS aggregation: 12-port and 16-port CSI-RSs comprise three of 4-port CSI-RS configuration and two of 8-port CSI-RS configuration, respectively. 
· CDM-4: For 12-port CSI-RS, each of four CSI-RS ports can be CDMed in the legacy 4-port CSI-RS patterns. For 16-port CSI-RS, each of four CSI-RS ports can be CDMed in the adjacent 4 REs.
For support of 20, 24, 28, 32 port CSI-RS, some of the potential issues on CSI-RS design should be carefully revisited. Lack of time and frequency resources to transmit larger numbers of CSI-RS ports would become more severe in eFD-MIMO. In addition to the increasing number of CSI-RS, some useful scenarios such as hybrid CSI-RS in which non-precoded CSI-RS and UE-specific CSI-RS are jointly utilized might be another factor for increasing the usage of CSI-RS resources. In spite of the potential scarcity in CSI-RS resources, moderate level of reuse factor should be available for managing inter-cell interference control on CSI-RS. Both forward and backward compatibilities will be important in Rel-14 CSI-RS design. Features to avoid or nest legacy CSI-RSs might be a possible way for more efficient resource utilization. Given that co-existence between LTE and 5G is a key issue for efficient management of wireless resources as discussed in our companion contribution [2], future-proof designs should be considered for CSI-RS enhancements in eFD-MIMO. 
It is obvious that enough level of ‘flexiblility’ will be a key feature in Rel-14 CSI-RS design to resolve the above issues. Therefore, it would be beneficial to extend Rel-13 CSI-RS aggregation. Although flexible CSI-RS configuration was already introduced via CSI-RS aggregation, it still uses the legacy CSI-RS RE density of 1 RE/RB/port. Since lower CSI-RS RE densities will enable much more flexible CSI-RS configuration, <1 RE/RB/port CSI-RS RE densities should be investigated in Rel-14.
Based on the discussions above, following observation and proposal can be made:
Observation: New CSI-RS patterns in eFD-MIMO should have enough level of ‘flexibility’ for both backward/forward compatibilities under the considerations on following aspects:
· Avoid/nesting legacy CSI-RS.
· At least moderate level of CSI-RS reuse factor.
· Future proof design, e.g. for LTE/5G co-existence [2].
Proposal 1: Design principles for 20, 24, 28, and 32 port CSI-RS RE mapping in Rel-14 should include
· Extension from Rel-13 CSI-RS aggregation with small granularities, e.g. 2 or 4 port based CSI-RS aggregation
· Functionalities for CSI-RS RE density lower than 1 RE/RB/port.
· CSI-RS power boosting is FFS
Overhead reduction 
According to the WID [1], RAN1 should investigate CSI-RS overhead reduction techniques in Rel-14. As aforementioned, one of the key aspects of CSI-RS overhead reduction is the introduction of lower RE densities than the legacy, i.e. <1 RE/RB/port. It is well known that CSI-RS RE density of 1 RE/RB/port is suitable for less than or equal to 8 CSI-RS ports. However, considering complex relationships between various aspects such as CSI-RS overhead, channel estimation performance according to SNR, and so on, the effect from lower CSI-RS RE density should be carefully studied.
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[bookmark: _Ref447193698]Figure 1. Examples of CSI-RS decomposition for 0.5 RE/RB/port: 
(a) by time domain CSI-RS decomposition, (b) by frequency domain CSI-RS decomposition.
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[bookmark: _Ref447193727]Figure 2. Link throughput performance gains from lower CSI-RS RE densities 
(0.5 RE/RB/port over 1 RE/RB/port): (a) with 4 allocated PRBs, (b) with 20 allocated PRBs
One simple way to realize CSI-RS RE density lower than 1 RE/RB/port is to decompose CSI-RS ports into different time/frequency resources. Figure 1 represents two alternatives of CSI-RS decomposition to meet 0.5 RE/RB/port CSI-RS RE density. Figure 1(a) is for time domain CSI-RS decomposition. In this example, two CSI-RS resources in the different subframes can be aggregated. Figure 1(b) depicts frequency domain CSI-RS decomposition. For instance, CSI-RS subgroup A and subgroup B can be transmitted in the even PRBs and odd PRBs, respectively. Please see Section 5.1 for more details about CSI-RS port mapping.
Figure 2 provides link throughput gains from lower CSI-RS RE densities over legacy 1 RE/RB/port, according to various numbers of TXRUs and SNRs. In other words, link throughput performances with 1 RE/RB/port CSI-RS density are given as 100% for all cases. To investigate potential possibilities, we assume that CSI-RS ports in a CSI-RS resource can be evenly divided into two subgroups and can be transmitted in the different time/frequency resources. Figure 2 shows that the performance loss from the lower CSI-RS RE density is marginal with enough number of TXRUs for almost all SNR region and data bandwidths. Note that above 10% gains are observed in case of 0.5 RE/RB/port with frequency domain decomposition. Therefore, although frequency domain decomposition requires subband transmission of CSI-RS (or CSI-RS puncturing in frequency domain), it is recommended to study both of time and frequency domain CSI-RS decomposition by RAN1 for eFD-MIMO WI.
Another possible enhancement for CSI-RS overhead reduction is subband CSI-RS transmission for a given subset of CSI-RS ports. In this technique, CSI-RS ports are divided into two subgroups, CSI-RS subgroup A and B. We can assume that CSI-RS subgroup A can be transmitted without subsampling, i.e. 1 RE/RB/port will be kept for the CSI-RS ports in this subgroups. On the other hand, CSI-RS subgroup B can be allocated in the given subbands, i.e. CSI-RS RE density of CSI-RS subgroup B will be lower than 1 RE/RB/port. Therefore, at least for the CSI-RS ports in subgroup A are able to keep legacy time/frequency resolution for robust channel estimation.
One of the advanced techniques to reduce non-precoded CSI-RS overhead is partial-port CSI-RS mapping, which can be supported via CLASS B eMIMO-Type with K>1 [4]. In partial-port CSI-RS, multiple CSI-RS resources with small number of CSI-RS ports can be used to measure larger number of CSI-RS ports. Partial-port CSI-RS can be perceived as another way to realize lower CSI-RS RE densities. 
Consequently, at least three alternatives are available for CSI-RS overhead reduction as follows:
· CSI-RS decomposition into different subframes or PRBs
· Subband CSI-RS transmission for a subset of CSI-RS ports
· Partial-port CSI-RS via CLASS B eMIMO-Type with K>1
Based on the discussions above, following proposal can be made:
Proposal 2: For non-precoded CSI-RS overhead reduction, following alternatives should be carefully studied:
· CSI-RS decomposition into different subframes or PRBs
· Subband CSI-RS transmission for a subset of CSI-RS ports
· Partial-port CSI-RS via CLASS B eMIMO-Type with K>1
Conclusions
In this contribution, possible issues on non-precoded CSI-RS enhancements for eFD-MIMO are discussed. Consequently, following observations and proposals can be made:
Observation: New CSI-RS patterns in eFD-MIMO should have enough level of ‘flexibility’ for both backward/forward compatibilities under the considerations on following aspects:
· Avoid/nesting legacy CSI-RS.
· At least moderate level of CSI-RS reuse factor.
· Future proof design, e.g. for LTE/5G co-existence [2].
Proposal 1: Design principles for 20, 24, 28, and 32 port CSI-RS RE mapping in Rel-14 should include
· Extension from Rel-13 CSI-RS aggregation with small granularities, e.g. 2 or 4 port based CSI-RS aggregation
· Functionalities for CSI-RS RE density lower than 1 RE/RB/port.
· CSI-RS power boosting is FFS
Proposal 2: For non-precoded CSI-RS overhead reduction, following alternatives should be carefully studied:
· CSI-RS decomposition into different subframes or PRBs
· Subband CSI-RS transmission for a subset of CSI-RS ports
· Partial-port CSI-RS via CLASS B eMIMO-Type with K>1
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Appendix
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Figure 3. CSI-RS patterns used for CSI-RS RE density evaluation: a) For 1 RE/RB/port, b) For 0.5 RE/RB/port by frequency domain CSI-RS decomposition, c) For 0.5 RE/RB/port by time domain CSI-RS decomposition.

Simulation assumptions
	Parameters (common)
	Value / Comment

	Transmission bandwidth
	10MHz

	Channel model, UE velocity, spatial correlation
	3GPP ETU channel without correlation, 15 km/h

	Antenna configuration
	8/16/24 Tx antennas / 2 Rx antennas

	Detector
	MMSE receiver

	PDCCH / PDSCH configuration
	2 / 12 OFDM symbols per sub-frame

	Modulation, code rates
	Specification CQI based link adaptation

	HARQ
	Synchronous HARQ with Chase Combining (max 4 transmissions)

	Number of allocated PRBs
	4 PRBs / 20 PRBs scheduled

	CSI feedback
	CQI/PMI/RI Mode 1-1 (Codebook-Config is set to ‘1’)

	Feedback delay
	2 msec

	Feedback periodicity 
	5 msec

	Channel estimation for demodulation
	Non-ideal (Within one PRB: FD 3-tap MMSE + TD 2-tap MMSE channel estimation)

	Channel estimation for CQI/PMI/RI computation
	Non-ideal (5 PRB bundling: FD 5-tap MMSE)

	Rank adaptation
	On
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