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1 Introduction
In the RAN # 86, the following agreements and working assumptions were made with respect to non-precoded CSI-RS [1]
· 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
In this contribution we provide our views on support of CDM-8 including CSI-RS aggregation and CDM mapping details and usage of additional REs other than legacy CSI-RS RE.
2. Discussion on support of CDM-8 for {24, 32} port CSI-RS
In Rel-13 the OCC-4 was introduced to support full power utilization for CSI-RS transmission. The OCC-4 spreading is applied to 4 CSI-RS antenna ports within the same CSI-RS resource. For Rel-14 NZP CSI-RS resource the issue of the full power utilization should be also considered by extending the existing OCC-4 spreading to OCC-8. Comparing to Rel-13 NZP CSI-RS design, to avoid the power boosting above 6dB, the OCC-8 spreading should be applied across the two or more aggregated CSI-RS resources to provide CSI-RS antenna port transmission at least across 4 OFDM symbols. Since Rel-13 or earlier release legacy UEs do not support OCC-8 spreading of the CSI-RS, port sharing is not a consideration in the design of the Rel-14 OCC-8 spread CSI-RS. However, there are other compatibility issues that can be considered while designing Rel-14 OCC-8 spread CSI-RS.
1. Compatible resource element map: In Rel-13, a predetermined pattern of resource elements (RE) per physical resource block (PRB) are assigned for the transmission of CSI-RS, depending on the use case scenario. An example pattern of 40 RE’s consisting of five 8 port CSI-RS resources is shown in Fig.1.  These patterns were carefully designed considering the uniform frequency spacing, reuse factor, avoidance of collision with cell specific RS and control channel, etc. Also since the RE’s used for CSI-RS transmission are not available for the PDSCH data, the PDSCH channel is appropriately rate-matched in the sub-frames containing CSI-RS. 
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Figure-1: An example CSI-RS pattern consisting of 40 RE/PRB in LTE Rel-13.
The Rel-14 CDM-8 CSI-RS supporting {24, 32} antenna ports can be designed to use a sub-set of the RE’s from the pattern shown in Fig-1, thus maintaining the backward compatibility in terms of the RE map used for the CSI-RS transmission. This would have less adversarial impact on the performance of the legacy UE’s due to puncturing or rate matching of data in the CSI-RS sub-frames.
2. Compatible definition of CSI-RS resource: In Rel-13 LTE a CSI-RS resource consisting of 2 ports, 4 ports and 8 ports is well defined. For example, in Fig-1, each RE that has same first letter (say A) belongs to the CSI-RS 8 port resource. The support for higher number of CSI-RS ports is provided by aggregation of multiple CSI-RS resources. The definition of a CSI-RS resource enables efficient signalling of the mapping of the antenna port indices to the physical resource such as an RE. If the Rel-13 definition of the CSI-RS resource is used in designing Rel-14 CDM-8 CSI-RS, it will reduce the signalling overhead as well as impact on the specification for support of OCC-8. 
Another option is to completely redefine a new CSI-RS pattern and a new definition of CSI-RS resource for Rel-14 CDM-8 CSI-RS. We discuss each of these options in detail in the next sections.
2.1 Rel-13 Compatible CSI-RS pattern and resource definition
In this section, we discuss the design options of Rel-14 NZP OCC-8 CSI-RS using the Rel-13 CSI-RS pattern and the resource definition. 
2.1.1 Support of 24 CSI-RS ports: A 24 CSI-RS ports are supported using aggregation of three CSI-RS 8 ports, as shown in Fig-2. The Rel-13 CDM-4 port indexing is used to obtain port indices after the aggregation of the CSI-RS resources. The CDM-8 spreading is applied to CSI-RS of antenna ports belonging to the same resource. 
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Figure-2: An example design of Rel-14 OCC-8 CSI-RS for 24 ports. Each color corresponds to a CSI-RS 8 port resource. The CDM-8 spreading is applied to the CSI-RS of the antenna ports belonging to the same CSI-RS resource.
2.1.2 Support of 32 CSI-RS ports: A 32 CSI-RS ports are supported using aggregation of four CSI-RS 8 ports, as shown in Fig-3. The Rel-13 CDM-4 port indexing is used to obtain port indices after the aggregation of the CSI-RS resources. The CDM-8 spreading is applied to CSI-RS of antenna ports belonging to the same resource.
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Figure-3: Two example designs of Rel-14 OCC-8 CSI-RS for 32 ports. Each color corresponds to a CSI-RS 8 port resource. The CDM-8 spreading is applied to the CSI-RS of the antenna ports belonging to the same CSI-RS resource.
We note that while the above mentioned designs for NZP OCC-8 {24, 32} ports are compatible with both the Rel-13 CSI-RS pattern and the CSI-RS resource definition, full power utilization is not achieved. For example, a maximum power boosting of 4.77 dB, rather than allowed maximum of 6dB, can be applied to the CSI-RS of ports mapped to CSI-RS resources B, C and D, while no power boosting can be applied to CSI-RS of ports mapped to resource A or E. Hence, although in certain scenarios such as 24 port CSI-RS, it provides gain over OCC-4, overall it does not provide full power utilization of OCC-8 spreading. 
Observation 1: Rel-14 NZP OCC-8 CSI-RS design cannot achieve full power utilization if restricted to using Rel-13 CSI-RS pattern and resource definition.
Proposal 1: FFS impact of the sub-optimal power utilization of the Rel-14 NZP OCC-8 CSI-RS design on the CSI estimation performance, due to enforcing the Rel-13 CSI-RS pattern and resource definition.
2.2 New CSI-RS pattern and or resource definition
2.2.1 New CSI-RS resource definition
New Rel-14 CSI-RS 8 port resources are defined as shown in Fig.4. All the RE belonging to same letter (or color) in the Fig.4 correspond to the new Rel-14 CSI-RS 8 port resource. Note, that although the CSI-pattern is a subset of the 40 RE CSI-RS pattern of Rel-13, the definition of the Rel-14 CSI-RS 8 port resource is non-compatible. The Rel-14 NZP {24, 32} CSI-RS ports are supported using aggregation of three or four new CSI-RS 8 ports respectively. The Rel-13 CDM-4 port indexing is used to obtain port indices after the aggregation of the CSI-RS resources. The CDM-8 spreading is applied to CSI-RS of antenna ports belonging to the same resource.
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Figure-4: All the RE belonging to same letter (or color) form a new Rel-14 CSI-RS 8 port resource. The Rel-14 NZP {24, 32} CSI-RS ports are supported using aggregation of three or four new CSI-RS 8 ports respectively. The CDM-8 spreading is applied to the CSI-RS of the antenna ports belonging to the same CSI-RS resource.
Note that since the CSI-pattern is a subset of the Rel-13 CSI-pattern, there is no additional (as compared to Rel-14 OCC-4 CSI-RS sub-frames with similar port number) degradation in the performance of the legacy UE’s data channel due to rate matching in the CSI-RS sub-frames. Further, note that the design in Fig-4 achieves full power utilization of OCC-8 spreading.
Observation 2: Full power utilization of OCC-8 can be achieved for {24, 32} CSI-RS ports while keeping the CSI-RS pattern compatible with Rel-13 if Rel-14 CSI-RS 8 port resource is defined. 

Proposal 2: Redefinition of Rel-14 CSI-RS 8 port resource should be considered for Rel-14 OCC-8 CSI-RS.

Proposal 3: FFS impact of the Rel-14 CSI-RS resource definition on the CSI signalling.
2.2.2 New CSI-RS resources
In Rel-10 CSI-RS signals were designed in such way to avoid possible collision with other reference signals such as CRS. More specifically the OFDM symbols used for CSI-RS are different from the OFDM symbols used for CRS transmission. Such design assumption for CSI-RS perfectly avoids the collision with CRS for any CRS shift. For Rel-14 timeframe, it is expected that most of the devices would be already capable of DM-RS support for at least TM9. Therefore, the CRS transmission in every downlink subframe would not be critical from the system perspective. Under given assumption and to reduce the overhead associated with simultaneous CRS and DM-RS transmission, the CRS-free subframes (e.g. MBSFN subframes) should be also considered as realistic assumption for the networks supporting Rel-14 FD-MIMO. For such subframes, the additional resource elements of the downlink subframe can be released for CSI-RS transmission to increase the number of CSI-RS configurations. More specifically, the OFDM symbol 3, 4 and or 7, 8 may be considered as possible candidate symbols for Rel-14 NZP CSI-RS transmission (see Figure 5). Introduction of the additional REs for NZP CSI-RS would provide easier way to support OCC-8 and therefore should be considered for specification.
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Figure 5: Candidate CSI-RS resource elements for Rel-14 specification  
NZP Rel-14 {24, 32} CSI-RS ports with OCC-8 can be supported using the candidate CSI-RS resource elements of Fig. 5 as shown in Fig.6. Further, it provides full power utilization of OCC-8 spreading. 
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Figure 5: NZP Rel-14 CSI-RS {24 , 32} ports using candidate CSI-RS resource elements from Fig.5. 

Proposal 4: For Rel-14 NZP CSI-RS, consider additional resource elements for CSI-RS transmission assuming CRS-less subframes (e.g. MBSFN subframes).

  Proposal 5: FFS the impact of the rate-matching on the performance of the legacy UEs due to non-compatibility of the CSI-RS pattern.
Summary

In this contribution we provide our views about the structure of NZP CSI-RS with OCC-8 for {24, 32} antenna ports including RE map, antenna port indexing, signalling aspects. The following proposals and observations were made:

Observations:

1. Rel-14 NZP OCC-8 CSI-RS design cannot achieve full power utilization if restricted to using Rel-13 CSI-RS pattern and resource definition.
2. Full power utilization of OCC-8 can be achieved for {24, 32} CSI-RS ports while keeping the CSI-RS pattern compatible with Rel-13 if Rel-14 CSI-RS 8 port resource is defined. 
Proposals:
1. FFS impact of the sub-optimal power utilization of the Rel-14 NZP OCC-8 CSI-RS design on the CSI estimation performance, due to enforcing the Rel-13 CSI-RS pattern and resource definition.
2. Redefinition of Rel-14 CSI-RS 8 port resource should be considered for Rel-14 OCC-8 CSI-RS.

3. FFS impact of the Rel-14 CSI-RS resource definition on the CSI signalling.
4. For Rel-14 NZP CSI-RS, consider additional resource elements for CSI-RS transmission assuming CRS-less subframes (e.g. MBSFN subframes).

5. FFS the impact of the rate-matching on the performance of the legacy UEs due to non-compatibility of the CSI-RS pattern.
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