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1
Introduction
	· During the RAN1#88 meeting, there were some agreements on CSI-RS design [1] as follows:
· The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns where

· A component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain

· FFS: Support for more than one component CSI-RS RE pattern definition, i.e., value of Y and Z

· FFS: Supported value(s) of Y and Z, e.g. (Y, Z) = {(1,2), (2,1), (4,1), (8,1), (2,2), (2,4)} 

· FFS: How to apply CDM within a component CSI-RS RE pattern and across multiple component CSI-RS RE patterns

· Note: Depending on the density reduction approach agreement(s), the Y REs of a component CSI-RS RE pattern may be non-adjacent in the frequency domain

· The multiple component CSI-RS RE patterns can be extended across the frequency domain within the configured CSI-RS bandwidth

· At least the following numbers of OFDM symbols for a CSI-RS resource are supported

· N = {1, 2, 4}

· FFS, other value(s) of N

· The N OFDM symbols can be adjacent/non-adjacent

· FFS, down-selection on adjacent/non-adjacent OFDM symbols

· OFDM symbol(s) can be configured to contain CSI-RS only

· FFS: the applicability of above proposals for beam management (e.g., for beam sweeping, for generation of sub-time units)

· FFS on the following aspects:

· Location of N OFDM symbols within a slot

· Replication of RE pattern across the N OFDM symbols

· Supported CDM values

· Exact port number assignment to CSI-RS RE pattern, considering at least CDM of ports and relationship of port numbers to dual polarized antenna elements

· Support for densities D > 1 RE/port/PRB

· Mapping of other physical channels and/or reference signals within the same OFDM symbol(s) as CSI-RS




In this contribution we will address CSI-RS pattern design for CSI acquisition and possible CSI-RS configurations. 
2
Discussion  
The above agreements are referring to CSI-RS, in the following discussion we are considering separately the zero power (ZP) CSI-RS and the non-zero power (NZP) CSI-RS.
2.1    NZP CSI-RS pattern design   

The basic component of a NZP CSI-RS pattern is the component CSI-RS RE which is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain. The component CSI-RS pattern design should be kept simple and extendable. Since the component CSI-RS resource is assumed as one minimum resource unit for CSI-RS pattern formulation, it is better to have as less candidates as possible to simplify the pattern design. Following the definition of component CSI-RS RE pattern of Y adjacent REs in the frequency domain and Z adjacent REs in time domain, we can consider the (Y=2, Z=1) as one baseline option, in which it can support analog beam transmission within one OFDM symbol and carry two antenna port OCC mapping, as shown in the figure 1. It provides one good balance among the power assignment, spreading gain, beam transmission and time/frequency channel variation. In addition, we do not see the benefit for applying base CSI-RS component based on (Y,Z)=(1,2), (2,2), (2,4). Spreading the base component in time is complicating the applicability in above 6GHz deployments where multiple OFDM symbols need to be used for the same CSI-RS transmission. For 4 antenna ports, two aggregated component CSI-RS resources can be used. In case of 8 antenna port, naturally it will include 4 component CSI-RS resources. For more than 8 antenna port case, it may need multiple OFDM symbols to carry configured antenna ports if intended to keep same CSI-RS density. For example in antenna port 16 case, two OFDM symbol based pattern can be considered. In this case, it will require 8 component CSI-RS resources aggregation, where the component CSI-RS is aggregated based on per symbol basis. In case of 32 antenna ports, as one straightforward option, it may include 4 OFDM symbols, where each symbol can carry 8 antenna ports, and in one CSI-RS resource it will cover 16 component CSI-RS resources. 
Based on above analysis, applying one single frequency OCC-2 component CSI-RS has the following benefits:

· Easy to formulate one unified pattern for various antenna port configuration

· Easy to support analogy beamforming transmission  

· Easy to support non-adjacent CSI-RS symbols for one CSI-RS resource  

Therefore, we propose:
Proposal 1: Support (Y, Z) = (2,1) as unique component CSI-RS resource unit. No other base configurations are needed.  

Proposal 2: Support frequency OCC-2 usage for all antenna ports.

Proposal 3: Support per-symbol CSI-RS aggregation based on the basic component CSI-RS unit.
For the CSI-RS pattern design, beside conventional CSI feedback requirement, in NR it would need beam report in certain case. In non analog beamformed implementation there is not a problem for multiple symbol based CSI-RS pattern, however when analog beamfoming is used, having all the CSI-RS in a single OFDM symbol is desired to speed up beam detection and reduce overhead. Note that in this case CSI-RS ports are not used for codebook feedback but rather they are used for beam identification. With one CSI-RS port per polarization, the current 32 CSI-RS ports are allowing the identification and tracking of up to 16 beams. Hence, supporting multiple antenna ports within one OFDM is benefical to system design.
Proposal 4: Allow the mapping of at least up to 32 CSI-RS antenna ports per CSI-RS resource in same OFDM symbol. 
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Figure-1 component CSI-RS and multiple port CSI-RS pattern 

For one complete CSI-RS pattern design framework, there are other technical points to be considered: CSI-RS symbol location, density and multiplexing with other signals.
CSI-RS location

As agreed in previous meeting, front-loaded DMRS will be placed in the front of one subframe. DL control channel is often located in the front of one subframe. For CSI-RS, it may be front-loaded like as DMRS or placed at the end of the subframe. Both such placements may have their own use cases. The front loaded transmission may be used with aperiodic configuration and be used for beam tracking. In UL oriented configuration, the CSI-RS needs to have a front loaded placement as there are no other DL placement options. The last symbol placement would allow for fresh CSI feedback computation. In addition, it can avoid the rate matching problem if have localized CSI-RS in the end of one subframe. 

Proposal 5: Allow the placement of CSI-RS in front loaded mode as well as in last symbols of the subframe.
CSI-RS density

In term of CSI-RS density, it should be allowed to configure different density to meet different requirement of CSI accuracy. This means that 1 RE per-port per PRB is not mandatory to all antenna port number. For larger antenna port case, low CSI-RS density should be supported. For more than 1 RE/port/PRB density, so far no evaluation result can justify the gain. Then further study is needed for its use case and performance gain, especially if using NZP CSI-RS for interference estimation/emulation. One important thing is how to balance the gain of CSI feedback and CSI-RS overhead. In the figure 2, we illustrate one example of 32 antenna port configuration in different denisty. There are two kinds of options: 1) option 1, using 4 OFDM symbols of one slot to carry 32 antenna ports; 2) option 2, bundling multiple PRBs to carry 32 antenna ports within 1 or less than 4 OFDM symbols. Option 2 is better for CSI-RS overhead reduction, while option 1 is better in CSI estimation accuracy and consistency for different antenn port. As one commonality, per symbol basis aggregation is applied for all multiple symbols based on CSI-RS pattern.
Proposal 6: Support one CSI-RS pattern with less than 1 RE/port/PRB density.
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Figure-2  32-port CSI-RS pattern in different density  

CSI-RS multiplexing with other signals 
For the multiplexing of CSI-RS and PDSCH within one OFDM symbol, if digital precoding is used, it should be supported to inherit LTE design. The different thing in new radio is hybrid beamforming or analog beamforming usage, typically, if one analog beam is transmitted in a particular direction, then the multiplexing of this CSI-RS with other directional PDSCH is hard to implement. So for the resource utilization efficiency of CSI-RS symbol, some specific schemes can be considered. One possible solution is enabling FDM based multiple CSI-RS transmission, another is scheduling one same beam directional PDSCH in the same TTI. Basically, it is left to network to implement it based on specific scenario.

Proposal 7: Support CSI-RS multiplexing with other channel or reference signals within one OFDM symbol.              
2.2    ZP CSI-RS consideration

When talking about CSI-RS pattern design, it is also associated with zero-power CSI-RS. In legacy LTE system, zero-power CSI-RS has similar pattern with non-zero power CSI-RS. However, in order to facilitate interference measurement, zero-power CSI-RS location should be more flexible. In accompanied contribution [2], defining separate pattern for ZP CSI-RS from NZP CSI-RS has been considered. To be more specific, the ZP CSI-RS pattern can be a superset of the NZP CSI-RS pattern and allow the overlapping of ZP resources over DMRS, SRS or other signals which may be used for interference measurement.
In case of one ZP CSI-RS resource configuration, the basic resource unit can be aligned with that of NZP-CSI-RS, using same component CSI-RS, also keeping same aggregation rule. But the location should be more flexilble to measure arbitrary signal sources. For the signalling indication, legacy LTE IMR configuration could be reused. 
Proposal 8: Extend the configuration of ZP-CSI-RS and allow the overlapping with other signals to facilitate interference measurement. 
2.3    CSI-RS sequence design
CSI-RS sequence is important to support CSI-RS multiplexing and randomization. Similar to LTE, PN sequence should be used to differentiate the CSI-RS resources. As discussed in section 2.1, we propose OCC-2 sequence is used in the basic component CSI-RS. Then OCC should be used as usual to differentiate different antenna ports.  

For the CSI-RS sequence ID configuration, UE specific identity is one basic feature, however, it doesn’t prevent one CSI-RS resource is configured and shared by one group of UEs, then no need to emphasize UE specific or group specific, instead, CSI-RS sequence ID can be configured with one designated value by the gNB. Furthermore, in order to facilitate CSI-RS reuse, different scambling PN code can be used for inter-beam or inter-TRP, though it may cause new interference, however, if gNB has good knowledge for interference distribution, this configuration will provide more flexibility for CSI-RS resource allocation.  
Proposal 9:  Support configurable sequence ID for one CSI-RS resource. 
3
Conclusions
The contribution is concluded by summarizing our proposals as follows: 

Proposal 1: Support (Y, Z) = (2,1) as unique component CSI-RS resource unit. No other base configurations are needed.   

Proposal 2: Support frequency OCC-2 usage for all antenna ports.

Proposal 3: Support per-symbol CSI-RS aggregation based on the basic component CSI-RS unit.

Proposal 4: Allow the mapping of at least up to 32 CSI-RS antenna ports per CSI-RS resource in same OFDM symbol. 
Proposal 5: Allow the placement of CSI-RS in front loaded mode as well as in last symbols of the subframe.
Proposal 6: Support one CSI-RS pattern with less than 1 RE/port/PRB density.
Proposal 7: Support CSI-RS multiplexing with other channel or reference signals within one OFDM symbol.  
Proposal 8: Extend the configuration of ZP-CSI-RS and allow the overlapping with other signals to facilitate interference measurement. 

Proposal 9: Support configurable sequence ID for one CSI-RS resource. 
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