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1
Introduction
RAN1#90bis the following agreements have been made related to the support of CSI-RS for beam management:
Agreement:
NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:

· Single resource set with repetition = “OFF”

· UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback

· Single resource set with repetition = “ON”

· UE does not report CRI

· FFS: Further support additional configuration by down selection from the following two alternatives:

· (a) Multiple resource sets, all with repetition = “ON” 

· UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings

· (b) Multiple equal-size resource sets, all with repetition = “OFF”

· UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets
· Note: Not all configurations are applicable for P1/P2/P3

· FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)
In this contribution, the aspects of CSI-RS design for different beam management are discussed.
And as a separated issue, we also discuss how to proper understand the agreements about the multiplexing of CSI-RS with other RS/chanel
Agreement: (from RAN1 90bis)
A CSI-RS resource can be configured on RBs outside CORESET in CORESET symbols from UE perspective.

· Above applies at least for the case where PDCCH and CSI-RS are spatially QCL-ed, and FFS for multi-panel UEs

· FFS: Use case when the above is applicable (ex: CSI reporting for wideband and partial band)

· Note: CSI-RS BW discussion should be taken into account

· Above at least applies for non-slot based cases

Above feature is supported for slot-based transmissions as well
Agreement: (from RAN1 91)
· A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
· Above applies for the case where SS block and CSI-RS are spatially QCL-ed 
· Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 
· Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS
· Above applies for the cases: CSI-RS only used for beam management

2  Discussion on Multiple CSI-RS Resource Set Configurations for DL BM
In RAN1#90bis meeting, it was agreed to perform down-selection between multiple CSI-RS resource set configurations for downlink beam management when higher layer parameter CSI-RS-ResourceRep set to ‘ON/OFF’.
Figure 1 shows an example of multiple NZP-CSI-RS resource configurations for downlink beam management with higher layer parameter CSI-RS-ResourceRep set to ‘ON’. Here, two CSI-RS resource sets are configured with periodic four resources within each set. The configuration enables flexibly various gNB TX beam and UE RX beam sweeping configurations as well as the reporting of the strongest CSI-RS resource set indices associated with different gNB TX beams and resources therein. In other words, the configuration can support DL BM P1 procedure. Since same gNB TX beam is used for the transmission of CSI-RS resources within subframe, no extra TX beam switches is needed for this configuration during subframe. As a result of this, the number of scheduling restrictions is minimized enabling more flexible system operation.
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Figure 1. An example of  multiple CSI-RS resource configutation for beam management with higher layer parameter CSI-RS-ResourceRep set ON.

Observation 1: Multiple NZP-CSI-RS resource set configuration with higher higher layer parameter CSI-RS-ResourceRep set to ‘ON’ can support flexibly different DL BM P1 configurations without imposing additional implementation constraints at gNB-side. 
Figure 2 shows an example of multiple NZP-CSI-RS resource configurations for downlink beam management with higher layer parameter CSI-RS-ResourceRep set to ‘OFF’. Two CSI-RS resource sets are configured with periodic four resources within each set. With respect to CSI-RS-ResourceRep set to ‘ON’ approach, in principal, there is no TDM contstraint for CSI-RS antenna ports associated with resources when  CSI-RS-ResourceRep set to ‘OFF’. As a result of this, simulatanous multi-beam transmission can be enabled. The configuration provides support for gNB TX beam sweeping and limited UE RX beam sweeping configurations. Furthermore, the configuration supports the reporting of the strongest CSI-RS resource indices associated with different gNB TX beams and resources therein. Therefore, the configuration can support DL BM P1 procedure. Due to different gNB TX beam is used for the transmission of CSI-RS resources within subframe, extra TX beam switches are needed during subframe. As a result of this, further scheduling restrictions are imposed resulting inefficient system operation.


[image: image2]
Figure 2 An example of  multiple CSI-RS resource configutation for beam management with higher layer parameter CSI-RS-ResourceRep set OFF.
Observation 2: Multiple NZP-CSI-RS resource set configuration with higher layer parameter CSI-RS-ResourceRep set to ‘OFF’ leads to less efficient system operation compared to the configuration with CSI-RS-ResourceRep set to ‘ON’. 

Proposal 1: Support Multiple NZP-CSI-RS resource set configuration with higher higher layer parameter CSI-RS-ResourceRep set to ‘ON’.
3  Further clarification on CSI-RS multiplexing with other RS/channel

It has been agreed that CSI-RS resource can be configured on the same symbol which is configured with SSB/PBCH. But the CSI-RS resource(s) should be configured outside PRBs of SSB/PBCH PRBs. The agreements are captured in [2] and [3] with difference expression, but it is obvious that the discriptions support the configuration of CSI-RS resource as figure 1.(a) or 1.(b), but figure 1.(c) is not supported. 
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Figure 1. example of supported/not-supproted configuration of CSI-RS resource
Companies have shared evaluation results that if the bandwidth of CSI-RS transmission is not large enough, the accuracy of RSRP measurement could be severely degreed. Comparing figure 1.(a) or 1.(b) with 1.(c), it is obvious that the transmission bandwith of CSI-RS is quite restricted in cases of figure 1.(a) or 1.(b), while benefits would neceissiate these restriction is not clear. 

Thus, in this contribution, we suggest to modify current agreement or add one more agreements that CSI-RS resource can be configured on the symbols configured with SSB/PBCH, but UE expect CSI-RS transmission only outside PRBs of SSB/PBCH. 
And also, due to the similar reason, we support that the configuration of CSI-RS resource overlapped with CORESET should also be supported.

Proposal 2: Configuration of one CSI-RS resource on both upper and lower PRBs than SSB/PBCH or CORESET is supported. 

· When a configuration of CSI-RS resource overlapps with SSB/PBCH PRBS or CORESET, UE does not expect CSI-RS transmission on overlapped PRBs. 

Another importance aspects the agreements shown is that the multiplexing of multiplexing of CSI-RS with SSB/PBCH or CORESET is supported in PRB level but not in the RE level. To properly capture theses agreements, we suggest to modify related dsicriptions on TS 38.211 7.4.1.5.3, 38.214 5.1.6.1.2, and TS 38.214 5.2.2.3.1 which could mislead that RE level multiplexing is supported. 

Proposal 3: To clarify that PRB level multiplexing of CSI-RS with SSB/PBCH or CORESET is supported, some text in RS 38.211 and TS 38.214 should be changed
4  Text proposal to TS 38.211 and TS 38.214
--------------------------------------Following modifications to TS 38.211, chapter 7.4.1.5.3--------------------------------------
7.4.1.5.3
Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence 
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Resource blocks elements overlapping with a configured CORESET, SSB/PBCH or resource elements declared as 'reserved' according to clause 4.4.3 shall be counted in the mapping process but not assumed to be used for transmission of CSI-RS.
--------------------------------------Following modifications to TS 38.211, chapter 5,2,2,3,1--------------------------------------
The UE may be configured the CSI-RS in same OFDM symbols as CORESET, but not in the same resource elementsblocks .

The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements..

The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elementsblocks ., if the higher layer parameter NrofPorts is configured as 1 or 2.

5  Conclusion

Here is the summary of this contribution.
Observation 1: Multiple NZP-CSI-RS resource set configuration with higher higher layer parameter CSI-RS-ResourceRep set to ‘ON’ can support flexibly different DL BM P1 configurations without imposing additional implementation constraints at gNB-side. 

Observation 2: Multiple NZP-CSI-RS resource set configuration with higher layer parameter CSI-RS-ResourceRep set to ‘OFF’ leads to less efficient system operation compared to the configuration with CSI-RS-ResourceRep set to ‘ON’. 

Proposal 1: Support Multiple NZP-CSI-RS resource set configuration with higher higher layer parameter CSI-RS-ResourceRep set to ‘ON’.

Proposal 2: Configuration of one CSI-RS resource on both upper and lower PRBs than SSB/PBCH or CORESET is supported. 

· When a configuration of CSI-RS resource overlapps with SSB/PBCH PRBS or CORESET, UE does not expect CSI-RS transmission on overlapped PRBs. 

Proposal 3: To clarify that PRB level multiplexing of CSI-RS with SSB/PBCH or CORESET is supported, some text in RS 38.211 and TS 38.214 should be changed
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