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1 Introduction

In RAN1 Adhocmeeting, the following agreement is achieved on CSI-RS for beam management [1]:
Agreements:
· Indication of QCL assumption associated with subset of QCL parameters between the antenna ports of two RS resources is supported based on following alternatives, and RAN1 will down select it

· Alt. 1: Which of the subset of QCL parameters are configured by gNB

· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined

· Alt. 3: QCL types are pre-defined
Subsequently, in RAN1 #89meeting, the following agreement and working assumption are achieved on CSI-RS for beam management [2]:
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

· 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: 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
· 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, more aspects of CSI-RS for beam management are further discussed and subsequently our views are drawn accordingly. 
2 Discussion on CSI-RS for beam management 
In multi-antenna systems, CSI measurement is key point but the CSI-RS overhead may become a bottleneck especially when we have numerous beams in massive MIMO systems. In NR MIMO which may need more CSI-RS for massive connectivity and high number of antennas, the expectation of RS overhead reduction for CSI measurement is increasing. We propose to adopt multi-level design for high efficiency.
For MIMO system with analog beam management, the first-level reference can be sent on multiple narrow beams to cover a wide angular direction and received with wide beams for coarse beam selection. The second level reference can be sent on narrower beams in pre-selected directions and received with narrow beams for fine beam alignment. 
Here we also consider multi-levels for both single beam and multi-beam operation.
· For single-beam operation, non-precoded CSI-RS can be the first level reference resource.  Second level reference resource can refer to beamformed CSI-RS. 

· For multi-beam operation, beam measurement RS CSI-RS can be used for the first level reference resource.  beamformed CSI-RS for beam refinementas the second level reference resource. 

In this section, we give detailed design to reveal how to support multi-level CSI-RS in beam management.
2.1 QCL issues 

As shown in Figure 1, the first level CSI-RS for beam management is transmitted with some beams, e.g. B1-B8. After measured the first level CSI-RS, UE can feed back some candidate beam(s) to gNB with grouping information according to spatial QCL parameter e.g. angle of arrival. For instance, transmit beam B2 and B3 correspond to same receive beam RX1, B4 and B5 correspond to same receive beam RX2. Then the selected beam B2 is the reference beam of the second level CSI-RS associated with refined beams B2a-B2d, and the selected beams B4 is the reference beam of the second level CSI-RS associated with refined beams B4a-B4d. Since the associated beams in the second level CSI-RS are QCL’ed with the reference beam/port w.r.t. the spatial QCL parameter, the same RX beam is used. Based on the reference beam information in QCL indication, UE can use the corresponding RX beam to receive and measure CSI-RS in the second level.
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Figure 1 CSI-RS associated with reference beam

To be more specific, given information via previous beam management, beam sweeping containing beam refinement and recovery is to search beams neighboring previously desirable beams or to probe beams from alternative beam resource pool. It should be noticed that the RSs serving for previous beam management might consist of mobility RS, cell-specific RS and CSI-RS, etc. QCL-based association between previous RS ports and probing CSI-RS ports is used for assisting UE-side beamforming/reception. TRP then configures one or more CSI-RS ports or beam IDs which are QCLed with previously desirable beams, i.e., P2-related beam sets.  If TRP/UE would like to perform subsequent beam sweeping or beam refinement e.g. based on P3, UE also needs to know which possible set of Rx beams should be use based on the association with the previously desirable beams.  Which exact Rx beams can be transparent to TRP and only number of Rx beams required to be swept should be fed back to TRP so that the TRP knows how to send next level of CSI-RS resources (i.e. number of repetitions). Subsequently TRP transmits corresponding RS, e.g., CSI-RS or multi-shot DMRS, for DL channel measurement. 

Proposal 1： NR should support CSI-RS ports partial QCLed, i.e., w.r.t only spatial QCL parameter at UE sides, associated with reference beam(s)/port(s) of mobility RS, cell-specific RS or CSI-RS at certain time unit(s).

Proposal 2：Support UE feedback to assist TRP to configure CSI-RS resources for P3 procedure .

The spatial QCL relationship between two CSI-RS signaling means that the TX beams serving for these two CSI-RS signaling are the same or similar i.e. not necessarily be exactly the same. It is because that we would have tolerance on some difference among different CSI-RS in terms of spatial QCL. Taking into account P-2 procedure, we should have one definition of spatial QCL assumption to support Tx beam sweeping around the previous Tx beams, or the case from wide to narrow beams. Multiple levels of QCL assumption (e.g. tight and soft) on spatial QCL may help to identify different angular ranges of the matching beams.  
Observation 1：The spatial QCL relationship between two RSs demonstrates that the TX beam(s)/precoder(s) serving for these two RSs are similar with obeying certain constraint for spatial parameter, instead of keeping their Tx beam(s)/precoder(s) unchanged.
Proposal 3：Study the need of multi-level spatial QCL assumption, e.g., tight or loose spatial QCL 
2.2 Resource sharing and Tx-Rx beam sweeping 

Considering large CSI-RS overhead for UE-specific beam management, the signaling of port density and measurement restriction settings should be included in CSI-RS resource settings, in order to serve multiple UE with objective of minimizing RS overhead. 
CSI-RS port density setting is per CSI-RS resource and indicates the pre-specific CSI-RS pattern with respect to enable CSI-RS ports. It can indicate the number of repeats for each CSI-RS resource to facilitate UE Rx beam sweeping and time/frequency tracking. If one CSI-RS resource/port is configured with >1 port density in time/frequency domain, ID of this CSI-RS resource/port is mapped into more than one physical resources with the same Tx beam/precoder. This design is beneficial not only for Rx beam sweeping and time/frequency tracking, but also for simple signaling/feedback design. By doing this, different resources/ports can be identified with different beams. Then UE doesn’t need extra signaling to distinguish Tx beams, and QCL indication can be simplified. Moreover, as different resource/port ID can be distinguished by Tx beams, it also would simplify CRI based beam information feedback. Additionally, other parameters indicating resource/port repeating information, e.g., time/frequency offset, can be configured along with the density setting.
Measurement restriction setting, e.g., through utilizing bitmap format, is to describe which CSI-RS resources can be measured or reported by UEs according to UE specific requirement. Use case of this resource-level measurement restriction setting is to facilitate resource sharing among different UEs. One example can be found in Figure 2, where TRP would like to train joint 4 Rx and 2 Tx beams for UE-1 and 5 Rx and 2 Tx beams for UE-2. It can be observed that the CSI-RS overhead would be saved while the maximal latency of beam sweeping for any UEs is being reduced.
Observation2：UE-group specific CSI-RS for beam sweeping saves the overall CSI-RS overheads and reduce the latency of any UEs through configuring full or part of CSI-RS resources for more than one UE.
Proposal 4： CSI-RS setting can include parameters of port density and measurement restriction 

· In port density settings, parameters indicating repetition of CSI-RS port should be contained.
Proposal 5： Within one measurement restriction duration, it should be assumed that Tx beams associated with the same antenna port from the same or different resources are kept unchanged. 
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Figure 2 CSI-RS setting for UE-group specific beam sweeping
2.3 Overhead and latency reduction 
Three options are proposed to reduce overhead and latency on CSI-RS for beam management. Among them, one method of overhead reduction is to use different numerologies between data and CSI-RS. As described in Figure 3, the larger subcarrier space can be used for CSI-RS compared with data. Then within fixed duration, more CSI-RS symbols can be transmitted. This scheme is much useful for analog beam switching within short duration. 
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Figure 3 Lager subcarrier space for CSI-RS

Furthermore, if different numerology regions are FDMed within one frequency band, the measurement results based on CSI-RS in one numerology region may be used for another numerology region. As shown in Figure 4, two numerology regions are multiplexed by FDM. Although the fast/fine CSI derived from CSI-RS in numerology region 1 may not be accurate for service in numerology region 2, some long term/wideband channel information, like analog beam selection, long term precoder can be used for numerology region 2.  
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Figure 4 CSI-RS transmission in different numerology region

Compared with this option, option 1, i.e., IFDMA-based approach, has the following drawbacks. 

 1. For Opt-1, when CSI-RS is partial-band, the signal in time domain is not the exact replication of the original signal after padding zero and IFFT. Special considerations as well as extra UE complexity are needed for this case. 

 2. Opt-1 imposes drawbacks on beam switching for Tx beams. For example, it’s hard to indicate particular Tx beams through CRIs. Special considerations as well as extra UE complexity are needed for Tx beam switching. 

Based on the above analysis, we propose to adopt Opt-2 for overhead and latency reduction.
Proposal 6: CSI-RS with different numerologies should be supported in NR.

2.4 CSI-RS for DL-resource-limited slot
In NR, as the time-domain size of DL part in one self-contain slot can be dynamically changed on demand, there may not exist enough resource for CSI-RS. For example, only one OFDM symbol is reserved for DL data and DMRS in one slot.  Also, some urgent traffic e.g. URLLC traffic may pre-empt and puncture the transmission of CSI-RS especially for the case of beam management occupying the entire slot. This is a critical issue for periodic and semi-persistent CSI-RS in NR, for which CSI-RS resource is reserved through RRC.  Several potential solutions can be identified as follows.

Solution 1: CSI-RS shares overlapping pattern with DMRS or other RS. Then DMRS resources can be used to do CSI/beam measurement. For CSI acquisition, this is beneficial for better interference measurement. For beam management, it is beneficial for fast Rx beam adjustment though multi-shot DMRS [3].

Solution 2: CSI-RS can be located in PDCCH region. For periodic and semi-persistent CSI-RS, CSI-RS resource can be reserved in PDCCH region, and DCI can be used to indicate whether CSI-RS is transmitted in DL data region or PDCCH region.

Solution 3: CSI-RS can be configured with a set of candidate slot offsets. Then CSI-RS is transmitted in the first slot with sufficient DL resource in this configured time window.

Solution 4: Disabling signaling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  

Proposal 7：NR should consider the following solutions to the issue of CSI-RS in DL-resource-limited slot.

· Solution 1: CSI-RS shares overlapping pattern with DMRS or other RS. 
· Solution 2: CSI-RS can be located in PDCCH region.

· Solution 3: CSI-RS can be configured with a set of candidate slot offsets.
· Solution 4: Disabling signaling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  
2.5 Bandwidth of CSI-RS for beam management
In this section, we investigate the impact of beam selection with different bandwidth of CSI-RS and with different CCs.  The simulation under CDL-A channel model is conducted to investigate experienced channel properties for four adjacent CCs. Total 2000 UEs are dropped within this simulation and detailed simulation configurations can be found in Appendix.  For each UE, the best Tx-Rx beam pair is selected according to calculated RSRP per CC. As shown in Figure 2, for some UEs, due to frequency selectivity, both the selected Tx and Rx beams are varying per CC. The statistical results listed in Table 1 show that different beam pairs are selected by different bandwidths of CSI-RS used for beam pair selection.  More than 20% UE selects different subband beam compared to WB beam.  Frequency selectivity is observed and it is not desirable to only consider beam selection by wideband RSRP only.  

Table 2 shows different beam pairs are selected by different CC with each CC for more than 20% UEs. It demonstrates that it is hard for the network to determine whether the ports across two CCs can be QCL’ed, even only w.r.t spatial Rx parameters. With UE feedback, accurate QCL relationship can be established which is beneficial to beam-based transmission and reception for each CC. Meanwhile, the complexity and overhead for CSI feedback and channel tracking can also be reduced.
Table 1 Comparison of selected beam pair for different bandwidths used for beam pair selection
	
Bandwidth used for beam pair selection
	Same beam pair as WB (168RB)
	Different with as WB (168RB)

	40 PRB
	83.14%
	16.86%

	10 PRB
	76.86%
	23.14%

	5 PRB
	76.29%
	23.71%
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Figure 5 Illustration of beam selection for four CCs
Table 2 Comparison of selected beam pair for different CCs used for beam pair selection (each CC has 138PRB~=100MHz)
	CC Index
	Same beam pair as the 1st CC
	Different with the 1st CC

	2nd CC
	71.70%
	28.30%

	3rd CC
	78.65%
	21.35%

	4th CC
	77.90%
	22.10%


Observation3: A good portion of UEs select different best beam pair on partial bandwidth compared to the best beam pair of wideband.
Observation4: A good portion of UEs select different best beam pair on a CC compared to the best beam pair of adjacent CCs. It is hard for the network to determine whether CSI-RS resources across two CCs can be QCL’ed.
Based on the observations, we have the following proposals:

Proposal 8:  NR supports configuration of partial band CSI-RS for beam management and allows UE beam selection/grouping based on partial band or subband RSRP. 

Proposal 9:  UE-assisted QCL association across different CCs w.r.t. at least the spatial QCL parameter is supported by UE feedback. Beam reporting across CC can be considered as a form of this feedback.
3  Conclusions

In this contribution, we analyze CSI-RS for beam management and provide the following observation and proposals.

Observation 1：The spatial QCL relationship between two RSs demonstrates that the TX beam(s)/precoder(s) serving for these two RSs are similar with obeying certain constraint for spatial parameter, instead of keeping their Tx beam(s)/precoder(s) unchanged.
Observation2：UE-group specific CSI-RS for beam sweeping saves the overall CSI-RS overheads and reduce the latency of any UEs through configuring full or part of CSI-RS resources for more than one UE.
Observation3: A good portion of UEs select different best beam pair on partial bandwidth compared to the best beam pair of wideband.
Observation4: A good portion of UEs select different best beam pair on a CC compared to the best beam pair of adjacent CCs. It is hard for the network to determine whether CSI-RS resources across two CCs can be QCL’ed.
Proposal 1： NR should support CSI-RS ports partial QCLed, i.e., w.r.t only spatial QCL parameter at UE sides, associated with reference beam(s)/port(s) of mobility RS, cell-specific RS or CSI-RS at certain time unit(s).

Proposal 2：Support UE feedback to assist TRP to configure CSI-RS resources for P3 procedure.

Proposal 3：Study the need of multi-level spatial QCL assumption, e.g., tight or loose spatial QCL
Proposal 4： CSI-RS setting can include parameters of port density and measurement restriction 

· In port density settings, parameters indicating repetition of CSI-RS port should be contained.
Proposal 5： Within one measurement restriction procedure, it should be assumed that Tx beams associated with the same antenna port from the same or different resources are kept unchanged. 
Proposal 6: CSI-RS with different numerologies should be supported in NR.

Proposal 7：NR should consider the following solutions to the issue of CSI-RS in DL-resource-limited slot.

· Solution 1: CSI-RS shares overlapping pattern with DMRS or other RS. 
· Solution 2: CSI-RS can be located in PDCCH region.

· Solution 3: CSI-RS can be configured with a set of candidate slot offsets.
Solution 4: Disabling signaling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  
Proposal 8:  NR supports configuration of partial band CSI-RS for beam management and allows UE beam selection/grouping based on partial band or subband RSRP. 

Proposal 9:  UE-assisted QCL association across different CCs w.r.t. at least the spatial QCL parameter is supported by UE feedback. Beam reporting across CC can be considered as a form of this feedback.
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5 Appendix

Table 3 Simulation assumptions
	Channel Model
	CDL-A (DS = 100 ns)

	UE velocity
	3km/h

	Subcarrier space
	60kHz

	FFT Size
	2048*4

	Bandwidth per CC
	100 MHz

	Channel estimation
	Ideal

	Number of Drops
	2000

	Antenna configuration
	gNB: (M,N,P,Mg,Ng)=(4,8,0,1,1) 

UE: (M,N,P,Mg,Ng)=(2,4,0,1,1)
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