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1
Introduction
During the RAN1#87 meeting, there were the agreements on CSI-RS transmission and configuration [1] as follows:

Agreements on CSI-RS transmission:
· NR supports semi-persistent CSI-RS transmissions

· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically

· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.

· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions

· FFS: Details on signaling mechanisms

Agreements on CSI-RS resource pooling:
· Support UE specific RRC configuration of one or more CSI-RS resource sets
· As one operation example, CSI-RS resources within a set can be dynamically shared amongst users

· Support dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users

· Allocation can be aperiodic (single-shot)

· Allocation can be on a semi-persistent basis

· Note: semi-persistent CSI-RS transmission is periodic while allocated

· Study the following aspects

· Signaling mechanism for dynamic allocation/de-allocation

· e.g. via MAC CE or L1 control signaling, via hierarchical control signaling with MAC-CE and DCI
· De-allocation may or may not be dynamically signaled at a later point in time

· Signaling mechanism for slot configuration (i.e., periodicity, subframe offset like in LTE)

· Signaling format for dynamic indication of CSI-RS resource(s)

· Signaling overhead reduction approaches

· e.g., structured groupings of CSI-RS resources and/or allocation scheme utilizing a combination of RRC configuration and dynamic signaling

· Methods to support resources of variable number of ports

· e.g. Aggregation of resources of a smaller number of ports
· Note: CSI-RS can be NZP

· FFS: ZP
· Note: mapping of CSI-RS resources with TRP(s) is an implementation issue
In this contribution we will address CSI-RS configuration for CSI acquisition usage, in case of CSI-RS based beam management, one companion contribution [1] has provided detailed analysis. 
2
Discussion  
2.1    Two-step CSI acquisition 
In NR CSI CSI information, there could be two kinds of CSI information, one is beam information, and another is instant channel and interference information. In different transmission schemes, gNB can apply suitable CSI information to formulate different beamforming or precoding operation. As agreed, CSI-RS can be used for beam management and beam reporting, so the first type CSI-RS, beam specific CSI-RS, will provide fundamental beam information. For instant CSI information, conventional CSI-RS, the second type CSI-RS, can used to estimate the channel information and acquire implicit or explicit CSI feedback. More specifically, for hybrid beamforming, these two level CSI information can be classified as analog beam information and digital precoding information. For digital beamforming, second type CSI-RS can be working independently to provide beam and precoding vector information, similar as legacy LTE. One new thing in NR is that the second type CSI-RS would possibly include multiple different direction ports within one CSI-RS resource. However, the first level beam information is still beneficial to basic beam acquisition and beam measurement. For example, P-1 procedure can provide basic beam coverage information, and P-3 procedure can be used to refine the beam width or direction. Naturally It can reduce the effort of the second type CSI-RS to perform beam selection. 

Overall, the beam specific CSI-RS can provide basic beam information, especially analog beam acquistion, and CSI acquistion based CSI-RS is used for instant CSI acquisition. These two kinds of CSI information can be acquired by two type of CSI-RS, working in hierarchical way. In case of CSI utilization in data transmission, it could be tailored according to real transmission scheme.       
Proposal 1: Support hierarchical CSI acquisition with beam specific CSI-RS and instant CSI acquisition based CSI-RS.
2.2    CSI-RS pattern design   

For the first type CSI-RS, in our companion contribution, there are detailed description for its pattern design. Here we focus on pattern discussion of second type CSI-RS, CSI acquistion based CSI-RS. Within one NR subframe, fron-loaded DMRS has been agreed. DL control channel may be placed in the front of one subframe. Then the available symbol position for CSI-RS could be in the middle or the end of the subframe. On the other hand, CSI-RS resource configuration needs to meet different requirements, including density and antenna port number. Meanwhile, it should be noted on how to avoid rate matching problem of PDSCH resource if arbitrary CSI-RS placing is applied. Then it is better to have one compact resource room for CSI-RS placement. Considering available OFDM symbols and CSI-RS capacity demand, placing the CSI-RS for CSI acquisition in the last one or two OFDM symbols is desired, shown in the figure 1.

 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



                           Figure-1 CSI-RS symbols location 
Proposal 2: Consider the last one or two OFDM symbols of one subframe for CSI-RS transmission.
The REs available for RS signals placement is scarce. As we have mentioned before, frontloaded DMRS is one agreement for DMRS placement. The philosophy of RS placement in LTE was that different RS types were not overlapping with eachother. A particular case are ZP and NZP CSI-RS which are designed on the same REs. Such non-overlapping principle does not need to be followed in NR. In other words, any RS type could occupy any RE location as long as that REs are not utilized by other RS at a particular time. Taking the example of CSI-RS from the above figure, such CSI-RS symbols could be allocated also in frontloaded manner, if DMRS are not present. Certainly one needs some final rules when multiple RS types need to be utilized by the UE, but in principle we could achieve a more flexible RS configurability with such overlapping principle in mind.
Proposal 3: Consider the possibility of flexible definition of RS, sharing the same REs.

For concrete CSI-RS pattern design, it needs to address different scenarios and different requirements. Compared to TDM or FDM, CDM still has some benefits in power allocation and high order port indication. For below 6GHz, time domain OCC may be used. For high frequency band, above 6Ghz, due to possible time domain phase noise, time domain spreading may have some problems, so if frequency selectivitiy is low in high frequency band, frequency domain OCC may be considered. 
For different number of antenna ports, in order to simplify the resource element (RE) index, aggregation of CSI-RS RE should be considered. For example, 2-port CSI-RS resource is associated with one 2-RE group or resource unit, and 4-port resource could includs two 2-port RE group. For FDM, this aggregation is only accumulated with multiple resource units. But if CDM is used to differentiate the antenna port, spreading code needs to be designed to specific antenna port indexing. Moreover, in the CSI-RS resource assignment with larger number of antenna port, one PRB may not be enough to accommodate one resource group, so it could be distributed in multiple PRBs .   
Proposal 4: Consider OCC and CDM usage in CSI-RS pattern design.
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. As one desired design, ZP-CSI-RS could be located in any location of one subframe. If it is located in the PDSCH range of neighboring cell, it can be used to measure neighboring cell data interference. If it is located in DMRS position of neighboring cell, it will can measure signal power of DMRS. If the ZP-CSI-RS is overlapped with neighbouring cell SRS, it could be used to measure the interference from the neighboring cell via SRS measurement. In this sense, conventional ZP-CSI-RS design has been extended, and then it is not limited to NZP-CSI-RS location, finally it is more like one general interference measurement resource configuration.    
Proposal 5: Extend ZP-CSI-RS definition and pattern to facilitate interference measurement, including the overlap of ZP CSI-RS with DMRS and/or SRS pattern.   
2.3    CSI-RS resource configuration

Depending on CSI measurement purpose, it is possibly configured with multiple CSI-RS resource in LTE system. In CoMP scenario, multiple CSI-RS resources are used to measure different cell or TP CQI. For multiple beam case, each CSI-RS resource may be associated with one unique beam. In new radio system, it is possibly configured with multiple CSI-RS resources to acquire different level CSI information. Actually it has been agreed to take this design in LTE R14 hybrid CSI-RS discussion. Therefore, configuring multiple CSI-RS resources may become one natural choice in CSI-RS configuration. In this context, in order to fufill requirements of multiple services QoS and different CSI measurement purposes, different CSI-RS resource can have different bandwidth and density configuration. Dense and short period CSI-RS may give accurate and timely CQI measurement. Bandwidth configuration is also related to measurement accuracy and service requirement, for example, wideband CSI-RS can be used to report long term wideband CSI, while partial bandwidth can be used to measure finer CSI or make CQI measurement of specific service.     
Proposal 6: Support multiple CSI-RS resources configuration for one UE.  
· Different CSI-RS resources can be associated to same or different TRPs.
· Different CSI-RS resources may have different density.
· Different CSI-RS resources may target different level CSI information acquisition.  
· Different CSI-RS resources may have diferent bandwidth configuration.

2.4    Dynamic CSI-RS management  
In past several meetings, there were a lot of discussions on dynamic CSI-RS configuration. In our view, aperiodic, periodic or semi-persistant CSI-RS should have specific signaling configuration to enable dynamic CSI-RS management. In case of aperiodic CSI-RS, it is quite simple, basically using DCI is sufficient to enable it. 
For semi-persistant CSI-RS, signalling may involve RRC signalling, MAC signalling or physical layer signalling. Actualy it is also related to CSI-RS resource pooling and sharing implementation, since one CSI-RS resource can be shared by a few users with semi-persistant CSI-RS. Generally speaking, RRC signalling can carry some semi-static indication, while MAC or DCI signalling can carry some instant and dynamic indication. DCI is more accurate in timing control of CSI-RS transmission activation and deactivation, while MAC CE can carry more indications but with some ambiguity in timing. Due to limited DCI capacity, it is necessary to put more indications in RRC signalling or MAC CE. For simple activation or deactivation, one bit indication in DCI can be used. For more information indication, including specific CSI-RS time pattern and CSI-RS resource index, MAC CE can take it. We may use hierachical signalling to conduct dynamic CSI-RS management: use RRC to indicate CSI-RS resource pool configuration, including CSI-RS pattern, period, antenna port of each resource; use MAC CE to indicate CSI-RS index and time transmission pattern; use DCI to indicate instant activation or deactivation. In sometime, MAC CE can be also used to indicate activation and deactivation of CSI-RS. The underlying reason is to alleviate DCI overhead.
In order to improve CSI-RS utilization efficiency and make flexible configuration of periodic CSI-RS, it is possible to use dynamic command to adjust CSI-RS transmission period or density. For example, when 5 ms period is configured, then 10 ms or 20 ms CSI-RS periodicity can be easily adjusted by 1 bit or 2 bits instant command. In diffent UE speed or different traffic status, CSI-RS period can be changed to match real needs. When changing the CSI-RS period or density, it is possible to configure multiple users to share one fixed period CSI-RS resource. Consequently, CSI-RS resource sharing is not limited to aperiodic or semi-persistant CSI-RS.
Proposal 7: Limit DCI overhead in the indication of CSI-RE resource pooling

· Use 1 bit or 2 bits to indicate CSI-RS resource index and activation/deactivation
Proposal 8: If MAC CE is used, allow MAC CE to fulfill the more paremeters configuration for semi-persistant CSI-RS resource, at least including 

· CSI-RS resource activation/deactivation
· CSI-RS resource time duration or specific time pattern

· CSI-RS resource index 
Proposal 9: Support periodic CSI-RS with dynamic periodicity or density adjustment to enable multiple user sharing.

3
Conclusions
The contribution is concluded by summarizing our proposals as follows: 

Proposal 1: Support hierarchical CSI acquisition with beam specific CSI-RS and instant CSI acquisition based CSI-RS.

Proposal 2: Consider the last one or two OFDM symbols of one subframe for CSI-RS transmission.
Proposal 3: Consider the possibility of flexible definition of RS, sharing the same REs.

Proposal 4: Consider OCC and CDM usage in CSI-RS pattern design   

Proposal 5: Extend ZP-CSI-RS definition and pattern to facilitate interference measurement, including the overlap of ZP CSI-RS with DMRS and/or SRS pattern.   

Proposal 6: Support multiple CSI-RS resources configuration for one UE.  
· Different CSI-RS resource can be associated to same or different TRPs.

· Different CSI-RS resources may have different density.

· Different CSI-RS resources may target different CSI information acquisition.  
· Different CSI-RS resources may have diferent bandwidth configuration.

Proposal 7: Limit DCI overhead in the indication of CSI-RE resource pooling

·  Use 1 bit or 2 bits to indicate CSI-RS resource index and activation/deactivation
Proposal 8: If MAC CE is used, allow MAC CE to fulfill the more paremeters configuration for semi-persistant CSI-RS resource, at least including 

· CSI-RS resource activation/deactivation

· CSI-RS resource time duration or specific time pattern

· CSI-RS resource index 

Proposal 9: Support periodic CSI-RS with dynamic periodicity or density adjustment to enable multiple user sharing.
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