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1
Introduction
RAN1#89 the following agreements have been make related to the support of CSI-RS for beam management:
Agreements:
· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information

· Information related to CSI-RS resource configuration

· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.

· Information related to number of CSI-RS resources 

· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource

· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit

· FFS signaling details, e.g., explicit indication vs implicit indication

· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 

· FFS: whether different sub-time units have same or different ports
Agreements:

· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· E.g., 
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part
In this contribution, the aspects of CSI-RS design for different beam management procedures are discussed.
2
Motivation

To enable harmonized CSI-RS RE pattern design over different functionalities, commonalities between same and different RS types need to be considered to set the target for multi-functional RS pattern design. In general, by taking into account the discussion related to different RS types and their RE design options in NR, it can be observed that RE-level comb based design principle is widely considered in the context of different RS types, e.g. DMRS for PDSCH, PUSCH, PDDCH and  PBCH as well asl SRS. Therefore, RE-level comb based RS pattern design principle can provide an attractive framework for harmonization between different RS types and functionalities. Naturally, different functionalities may require different RE-level comb structures but they can be separately configured. As result of this, layer 1 specification as well as actual UE and gNB channel estimator implementations and measurement/resource  configurations can be further simplified.  
Observation 1: It is benefical to exploit commonalities in large extend in terms of CSI-RS RE patterns between different CSI-RS designs, i.e. CSI aquisation and beam management as well different RSs, e.g. DMRS (PDSCH, PUSCH, PDCH, PBCH), SRS, targeting for multi-functional RS pattern design. 

3  Discussion on CSI-RS Design for P1-P3
In this section,  CSI-RS design for different DL beam management procedures P1-P3 are considered. To support flexible beam based operation in NR irrespective of antenna array architechture, e.g. digital, hybrid analog-digitalarchitechture,  at gNB and UE side for wide range of carrier frequencies, the utilization of CDM for the multiplexing of APs is relatively limited for a beam management. The reason for this is that the impact of phase-noise at higher carrier frequencies may limit the use of CDM over different symbol/sub-time instants. Furthermore, the use of CDM in time can impose scheduling constraints for CSI-RS with hybrid analog-digital antenna architectures. Due to aforementioned limitiations,  CDM could only be used in frequency domain.   
Observation 2: The feasibility for the usage of CDM for the multiplexing of different APs can be relatively  limited in the case of BM. Hence, instead of using CDM, it is benefical to use FDM between different APs and configure CDM  to be off in resource configurations for BM.

Figure 1 provides different RE-level comb based CSI-RS pattern options for different number of APs, i.e. 1-8. Depending on the number of configured APs, the leftmost RE pattern, can provide support up to 8 APs per CSI-RS symbol/sub-time unit. By using aforementioned CSI-RS RE pattern designs, PRB bundling can be seen as a feasible way to enhance the quality of channel estimates at UE-side. The exact size of PRB bundling window at UE-side needs to be determined with help of simulations.  
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Figure 1 CSI-RS RE pattern options for BM. 
Observation 3: Up to 8 APs per OFDM symbol unit can be supported for CSI-RS for BM.
Observation 4: To enhance the quality of channel estimates at UE-side, it is benefical to use PRB bundling with CSI-RS RE patterns for.  
Figure 2 shows an example of TX beam sweeping configuration for BM P1. Here, it is assumed that TX beams are kept fixed over the number of consecutive time instants, N, where N is configurable by a network. Here, it is assumed that same UE RX beam(s) from single/multiple RX panels are used as with the reception of SS-block with a maximum RSRP value. Therefore, there is a linkage between SS-block index and CSI-RS block enabling UE to use same RX beam(s) as with SS-block reception. This may be a good starting point for further UE RX beam aligment if needed. From specification perspective, additional UE RX beam training can be seen as vendor specific issues in the context of DL BM P1.   

[image: image2]
Figure 2. An example of TX beam sweeping configuration for P1 with 2 CSI-RS APs.
Observation 5: For BM P1 TX beam sweeping configuration, TX beams are kept fixed over the configured number of consecutive time instants N.  
 REF _Ref481650886 \h 
 shows an example of beam sweeping configuration for BM P2. Here, it is assumed that BM P2 CSI-RS APs  have spatial QCL, i.e. RX and/or TX,  association with respect to BM P1 CSI-RS APs. By utilizing this association at UE side, efficient user-specific TX beam sweeping and UE RX beam aligment can be enabled. It is worth noting that similar beam sweeping configuration as in P1 can also be used in P2. 

[image: image3]
Figure 3 An example of beam sweeping configuration for BM P2 CSI-RS. 
CSI-RS for P3 is user-specifically configured to be aperiodic or semi-persistant for beam refinement purpose based on beams indentified in P1. Furthermore, it can be assumed that the CSI-RS design for P3 needs to provide support for enhanced UE RX/TX beamformer training capability with respect to P1 and P2. 

Observation 6: CSI-RS for P3 can be configured to be aperiodic or semi-persistant.

 REF _Ref481708948 \h 
 shows an illustration of beam sweeping configuration for DL BM P3. Here, it is assumed that BM P3 CSI-RS APs  have spatial QCL, i.e. RX and/or TX, association with respect to CSI-RS APs for P1 or P2. By utilizing this association at UE side, efficient user-specific UE RX beam aligment can be enabled.


[image: image4]
Figure 4 An example of beam sweeping configuration for DL BM P3. 
As discussed earlier, a network can flexibly configure a user-specific RX/TX beamformer training by using IFDMA based CSI-RS design with different repetition factor values, k, and the number of antenna ports, NP, according to UE and network needs. Even though UE has also a possibility to request a user-specific training, the network has always control over P3.

Observation 7: By exploiting IFDMA based CSI-RS design for downlink beam management procedure P3, a network can flexibility configure a user-specific RX/TX beamformer training by using IFDMA based CSI-RS design with different repetition factor values, k, and the number of antenna ports, NP, according to UE and network needs.
Proposal 1: To enable support for different multi-TRP deployments as well as TRP implementations in terms of different hardware capabilities up to 32 CSI-RS APs, four consecutive CSI-RS symbols in time with eight APs per symbol can be supported.
Proposal 2: Support RE-level comb CSI-RS design w/ and w/o cyclic shifting for beam management.  

Proposal 3: To enhance the quality of channel estimates for BM, PRB bundling needs to used at UE-side.  

Proposal 4: To support different TX and/or RX sweeping scenarios, different sub-time units options, i.e. larger sub-carrier spacing and IFDMA, can be configured by a network.
4
Numerical Results

In this section, link-level evaluations results on different RE-level comb CSI-RS-RE patterns for P1, P2 and P3 described in Section 3 are provided. The simulation parameters are summarized in Appendix.
Figure 5 and Figure 6 show a relative RSRP degradation loss without and with power boosting for CSI-RS 2 AP associated with different comb options, i.e. 2,3,4,6 and 12, with 60 kHz and 120KHz sub-carrier spacings. Here, only the strongest indentified TX beam associated with CSI-RS AP is shown. It is worth noting that Comb-2 RSRP values are used as  a reference, i.e. 0 dB RSRP degradation, for the rest of the options. As can be seen without any TX power boosting, comb-3,-4 and -6 options are within 2dB degradation range and comb-12 within 5 dB with respect to the comb-2 option. In comparison to this, by using TX power boosting the relative difference between different comb options becomes significantly smaller. 
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Figure 5. RSPR accuracy degradation for Comb-2,4,6,12, w/o power boost and w/ 60 and 120 KHz sub-carrier spacings. 
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Figure 6. RSPR accuracy degradation for COMB-2,3,4,6,12, w/ power boost and 60 and 120 KHz sub-carrier spacings.

Observation 8: To minimize RSRP accuracy degradation, it is beneficial to utilize as large as possible PRB bundling size for CSI-RS BM. Especially, the impact of PRB bundling becomes more important at higher sub-carrier spacings.  

Observation 9: Comb-3,-4 and comb-6 patterns can be seen as an attractive RE pattern options for both 60 and 120 KHz sub-carrier spacings.  

Figure 7 provides RSRP value distributions for four and eight AP RE patterns discussed in  the previous section.  
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Figure 7 RSRP value distributions of Comb-4 based RE patterns for four and eight APs with 60KHz and 120 KHz sub-carrier spacings. 
5
Conclusions
In this contribution, the CSI-RS pattern design for beam management procedures P1-P3 has been considered. 
Based on the discussions, the following observations have been made:

Observation 1: It is benefical to exploit commonalities in large extend in terms of CSI-RS RE patterns between different CSI-RS designs, i.e. CSI aquisation and beam management as well different RSs, e.g. DMRS (PDSCH, PUSCH, PDCH, PBCH), SRS, targeting for multi-functional RS pattern design. 

Observation 2: The feasibility for the usage of CDM for the multiplexing of different APs can be relatively  limited in the case of BM. Hence, instead of using CDM, it is benefical to use FDM between different APs and configure CDM  to be off in resource configurations for BM.

Observation 3: Up to 8 APs per OFDM symbol unit can be supported for CSI-RS for BM.

Observation 4: To enhance the quality of channel estimates at UE-side, it is benefical to use PRB bundling with CSI-RS RE patterns for.  

Observation 5: For BM P1 TX beam sweeping configuration, TX beams are kept fixed over the configured number of consecutive time instants N.  

Observation 6: CSI-RS for P3 can be configured to be aperiodic or semi-persistant.

Observation 7: By exploiting IFDMA based CSI-RS design for downlink beam management procedure P3, a network can flexibility configure a user-specific RX/TX beamformer training by using IFDMA based CSI-RS design with different repetition factor values, k, and the number of antenna ports, NP, according to UE and network needs.
Observation 8: To minimize RSRP accuracy degradation, it is beneficial to utilize as large as possible PRB bundling size for CSI-RS BM. Especially, the impact of PRB bundling becomes more important at higher sub-carrier spacings.  

Observation 9: Comb-3,-4 and comb-6 patterns can be seen as an attractive RE pattern options for both 60 and 120 KHz sub-carrier spacings.  

Based on the dicussions, the following proposals have been made:

Proposal 1: To enable support for different multi-TRP deployments as well as TRP implementations in terms of different hardware capabilities up to 32 CSI-RS APs, four consecutive CSI-RS symbols in time with eight APs per symbol can be supported.
Proposal 2: Support RE-level comb CSI-RS design w/ and w/o cyclic shifting for beam management.  

Proposal 3: To enhance the quality of channel estimates for BM, PRB bundling needs to used at UE-side.  

Proposal 4: To support different TX and/or RX sweeping scenarios, different sub-time units options, i.e. larger sub-carrier spacing and IFDMA, can be configured by a network.
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Appendix – Simulation Assumptions

Table 1 Simulation Assumptions 

	Parameters
	Value

	Carrier Frequency 
	30 GHz

	Channel Model
	CDL-A (100ns),

	Subcarrier spacing
	60 and 120 kHz

	UE velocity
	0 km/h

	eNB antenna array 
	(M,N,P,Mg,Ng) = (4, 8, 2, 1, 1), (M,N,P,Mg,Ng) = (4, 8, 2, 1, 2),  (0.5, 0.5) (  

	UE antenna array 
	M,N,P,Mg,Ng) = (2, 4, 2, 1, 1), (0.5, 0.5) (

	Channel estimation scheme
	Practical, PRB bundling size=6
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