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Discussion and Decision
1
Introduction
During the RAN1#88bis meeting, there were some agreements on CSI-RS pattern design [1] as follows:
	Agreements:

· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1

· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2

· FFS: RE patterns for beam management

· FFS: the RE pattern for an X-port CSI-RS resource when X>=8

· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources

· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead
Agreements:
· Support at least CDM-2, CDM-4 and CDM-8

· FFS: Support of no CDM

· FFS: Time-domain and/or frequency-domain CDM can be configured on or off

· Consider CDM pattern design with at least the following aspects

· Measurement target, e.g. CSI acquisition, beam management, fine time/frequency tracking

· A CDM pattern cannot span over more than U OFDM symbols and V subcarriers, FFS the values of U and V

· Full power utilization

Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS

· Value(s) of d are at least d=1,1/2.

· For d<1, PRB-level comb-type transmission is supported.

· FFS whether offset value(s) can be the same or different across antenna ports

· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.

· FFS on the supported combinations of value(s) of x and d. 




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

In terms of CSI-RS pattern design, several issues should be taken into account. One is flexibility, for example, one port could be associated with one antenna port, or one beam port, even for beamforming, it could be analogy beam, or digital beam. In high frequency band, beam measurement is very important, then fast beam acquisition and measurement is necessary. In light of this analysis, for different functionality and scenarios, different pattern or mapping association should be supported. Secondly, the simplicity is one key issue. It is better to have as less component CSI-RS candidates as possible to simplify the pattern design. Thirdly, CDM usage should consider channel variation in adjacent REs and power utilization. Hence, when for the CSI-RS resource configuration with large number of antenna ports, the aggregated number of component CSI-RS pattern needs to be kept with reasonable level. 
Based on some agreements reached in previous meeting, in one hand, we need to downselect some options, in another hand, some remaining points should be provided with concrete design. For one port CSI-RS resource, it is better to have one separate design different from other component CSI-RS pattern. No CDM can be used for single antenna port configuration, meanwhile, since per port FDM pattern is beneficial to beam measurement, then no CDM multiplexing way can be extended to support up to 32 antenna ports within one OFDM sysmbol.  
Proposal 1: Support no CDM usage in CSI-RS pattern design 

· Support single antenna port CSI-RS resource with one RE.
· Allow the mapping from 1 to 32 CSI-RS antenna ports per CSI-RS resource in same OFDM symbol.
When antenna port number X is more than 1, for CSI acquisition purpose, CDM should be supported. Then we need to elaborate all CSI-RS patterns for different antenna ports. Then available agreements are the starting point for further  defining of each antenna port configuration. Basically two principles should be kept in mind, the first one is to minimize the candidates of component CSI-RS, and second one is to control reasonable component aggregation by taking into CDM orthogonality and power utilization. 
Proposal 2: In case of CSI-RS pattern and OCC mapping, support the following options:
· X=2: (M, N)= (2, 1), OCC=2 

· X=4: (M, N)= (4, 1) , (2, 2), OCC=4
· X=8: aggregating 2 component CSI-RS pattern, either (4, 1) or (2, 2), OCC=4 
· X=12:aggregating 3 component CSI-RS, either (4, 1) or (2, 2), OCC=4  

· X=16: aggregating 4 component CSI-RS (4, 1) or (2, 2)
· For OCC=4, CDM used with one component CSI-RS 

· For OCC=8, CDM can’t span over more than 4 consecutive REs in frequency domain or time domain
· X=32: aggregating 8 component CSI-RS (4, 1) or (2, 2), OCC=8
· For OCC=8, CDM can’t span over more than 4 consecutive REs in frequency domain or time domain
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 where self contained feedback can be used. In such a front loaded configuration, the same OFDM symbol as the DMRS should also be allowed. It is up for the scheduler to avoid the collision between the DMRS and CSI-RS. In other words, we do not see a ned for following the LTE principles where all RSs are avoiding each other’s placement. In addition, in UL oriented configuration, the CSI-RS need to have a front loaded placement. 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 3: 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. Normally one RE per por per PRB should be taken as the baseline. In case of more than 8 antenna port configuration, the density can be reduced to ½. If further reduction is used, then necessary evaluation should be conducted. Basically reduced density is only applicable for larger antenna port configuration since overhead is one big problem. Moreover, it is also related to codebook design, since different codebook may have different robustness for channel estimation error. As agreed before, PRB-level comb-type transmission is supported, so far, we didn’t find he benefit of using different offset for different antenna ports. Using same offset will ensure channel measurement alignment among different antenna port. For density value d>1 case, it is assumed for interference measurement. Because it will require UE firstly to make channel estimation and secondly to deduct the estimated CSI to achieve the interference information. However, if upgrading CSI-RS density, it will pay a big expense to implement it since it is UE specific. Meanwhile, NZP-CSI-RS configuration serving channel measurement and interference measurement both is not flexible. Instead, using ZP-CSI-RS and other reference signals can be used for interference measurement.      
Proposal 4: Support one CSI-RS pattern with less than 1 RE/port/PRB density for more than 8 antenna port case.
Proposal 5: No need to support d>1 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 6: Support CSI-RS multiplexing with other channel or reference signals within one OFDM symbol.  
2.2    NZP-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 7:  Support PN sequence uage and configurable sequence ID for one CSI-RS resource. 
2.3    NZP-CSI-RS related paremeters configuration
For NZP-CSI-RS configuration, a few paremteres need to considered. In this section, we only discuss the bandwidth and power control configuration.  

According to the agreements before, CSI-RS should be supported with full bandwith and partial band, but suband based CSI-RS has no conclusion. For partial bandwidth, since its bandwidth is between the full bandwith and suband, it is better to have limited granularity to achieve the trade-off of the complexity and flexibility. For example, if one bit signalling used, then two half of carrier bandwith need to be indicated. If 2 bits are used, one fourth of carrier bandwidth can be indicated. For suband specific CSI-RS, some scenarios can be benefited. If UE is expecting to measure the channel status of one particular bandwidth, subband specific CSI-RS is more convinent from overhead and efficiency prospective. Moreover, if multiple subband CSI-RS are assoiciated with multiple TRP or different density configurations, 
Proposal 8: Support multiple granularity CSI-RS configuration with the following assumption:

· Support partial band with limited granularity, for example, half or one fourth of full bandwith.
· Support subband specific CSI-RS configuration.
In case of power control of CSI-RS, one direct question is how to configure the EPRE ratio between the CSI-RS and PDSCH, furthermore, it is also related to power allocation for multiple antenna ports. If FDM is used for multiple CSI-RS port within one CSI-RS resource, then power borrowing technique can be used. It means one antenna port can use boost the transmission power when multiple port CSI-RS signal is transmitted. Actually it has been applied in LTE system. Another usecase is to implement power boosting for CSI-RS at the expense of power reduction of PDSCH RE with same OFDM symbol. However, it should be careful to study the benefit and potential impairment to system performance. Moreover, it is related to power headroom in RAN4 evalution. Finally, power boosting should take into account RF implemenaton limitation. 
Proposal 9: Support power boosting for multiple antenna port CSI-RS transmission within one OFDM.  
2.4    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 flexible to measure arbitrary signal sources. For the signalling indication, legacy LTE IMR configuration could be reused. 
One additional issue is how to do rate matching. Since ZP-CSI-RS is used for interference measurement, then configuring the ZP-CSI-RS should be within CSI measurement framework. It means we can’t define rate matching specific ZP-CSI-RS. For the rate maching indication in one PDSCH transmission, ZP-CSI-RS and other reference signalling can be indicated separately. 
Proposal 10: Extend the configuration of ZP-CSI-RS and allow the overlapping with other signals to facilitate interference measurement. 
Proposal 11: For rate matching indication, ZP-CSI-RS configuration should be used for the purpose of interference measurement.

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

Proposal 1: Support no CDM usage in CSI-RS pattern design 

· Support single antenna port CSI-RS resource with one RE.

· Allow the mapping from 1 to 32 CSI-RS antenna ports per CSI-RS resource in same OFDM symbol.
Proposal 2: In case of CSI-RS pattern and OCC mapping, support the following options:
· X=2: (M, N)= (2, 1), OCC=2 

· X=4: (M, N)= (4, 1) , (2, 2), OCC=4
· X=8: aggregating 2 component CSI-RS pattern, either (4, 1) or (2, 2), OCC=4 

· X=12:aggregating 3 component CSI-RS, either (4, 1) or (2, 2), OCC=4  

· X=16: aggregating 4 component CSI-RS (4, 1) or (2, 2)
· For OCC=4, CDM used with one component CSI-RS 

· For OCC=8, CDM can’t span over more than 4 consecutive REs in frequency domain or time domain
· X=32: aggregating 8 component CSI-RS (4, 1) or (2, 2), OCC=8
· For OCC=8, CDM can’t span over more than 4 consecutive REs in frequency domain or time domain
Proposal 3: Allow the placement of CSI-RS in front loaded mode as well as in last symbols of the subframe.
Proposal 4: Support one CSI-RS pattern with less than 1 RE/port/PRB density for more than 8 antenna port case.

Proposal 5: No need to support d>1 density.
Proposal 6: Support CSI-RS multiplexing with other channel or reference signals within one OFDM symbol.
Proposal 7:  Support PN sequence uage and configurable sequence ID for one CSI-RS resource.
Proposal 8: Support multiple granularity CSI-RS configuration with the following assumption:

· Support partial band with limited granularity, for example, half or one fourth of full bandwith.

· Support subband specific CSI-RS configuration.
Proposal 9: Support power boosting for multiple antenna port CSI-RS transmission within one OFDM.    
Proposal 10: Extend the configuration of ZP-CSI-RS and allow the overlapping with other signals to facilitate interference measurement. 

Proposal 11: For rate matching indication, ZP-CSI-RS configuration should be used for the purpose of interference measurement.
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