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1. Introduction

At the last RAN1 meeting, RS used for NR DL based RRM measurement was discussed and RAN1 made following agreements and conclusions [1].

	Agreements:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
· Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 
· FFS: Detailed signaling or format
Agreements:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded
Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows

· Define SS block RSRP and CSI-RS RSRP as

· SS block RSRP : measured RSRP from SSS

· FFS additional use of PBCH-DMRS for measurement 

· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode

Agreements:
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.

· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block

· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.

· NR cell ID for time reference of CSI-RS(s) is informed to the UE
Conclusions:
· For Mobility

· Following remaining issues need to be finalized in the next meeting
· Properties of CSI-RS for RRM measurement for L3 mobility, e.g.,
· Timing of CSI-RS for RRM measurement for L3 mobility

· Bandwidth of CSI-RS for RRM measurement for L3 mobility

· Numerology of CSI-RS for RRM measurement for L3 mobility

· The number of REs in the freq. domain of CSI-RS for RRM measurement for L3 mobility
· Resource mapping and parameters of CSI-RS for RRM measurement for L3 mobility

· Configuration of CSI-RS parameters for RRM measurement for L3 mobility

· Details on SS block RSRP

· Whether to use of additional PBCH-DMRS for measurement


At the last RAN1 meeting, CSI-RS design for CSI-acquisition was also discussed in MIMO session and following agreements were made [1].

	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 discuss on the configuration and properties of CSI-RS for L3 mobility for RRM measurement in CONNECTED mode. Different mapping/multiplexing structures for multiple TX beams are considered.
2. Discussion on CSI-RS configuration
In LTE, CSI-RS based RSRP measurement has been supported from Rel-12. The configuration for discovery signal-based measurement includes discovery signals measurement timing configuration (DMTC) and the duration of discovery signal occasion for the frequency. In addition, CSI-RS configurations are also signaled, including CSI-RS-ID, physical cell ID, scrambling ID, resource configuration, subframe offset, and CSI-RS individual offset. Up to 96 CSI-RS configurations can be signaled in a measurement object. In NR, similar configuration framework can be considered for CSI-RS based RRM measurement. However, it may be too much configuration if UE-specific explicit configuration signaling for each CSI-RS configuration is applied for CSI-RS based RRM measurement. At the last RAN1 meeting, it was agreed to minimize configuration overhead, reporting overhead, and UE complexity and to support measurement of a large number of beams.
Observation 1:
· If configuration framework for CSI-RS based RSRP measurement in LTE is reused in NR CSI-RS based RRM measurement, it may cause too much configuration overhead due to UE-specific explicit configuration signaling and large number of beams to be measured.
Different from IDLE mode RS such as NR-SS, CSI-RS for RRM measurement can be turned on and off. But once a CONNECTED UE is configured with CSI-RS based RRM measurement, the UE may need to monitor CSI-RS at least for a while in order to identify appropriate TRxPs or beams for UE mobility handling. Therefore, at least periodic CSI-RS transmission for RRM measurement can be supported in order to simplify UE assumption/behavior for CSI-RS based RRM measurement. In multi-beam scenario, CSI-RS for RRM may be used to measure individual beam or TRxP especially when IDLE mode RS cannot be used for such purpose. Then, CSI-RS for different beams or TRxPs should be able to be distinguished via some parameter(s), e.g., antenna port (e.g., OCC), CSI-RS resource configuration (e.g., time/frequency resource location), scrambling ID, etc. 
A general configuration method like following can be considered to reduce configuration overhead.
· NR supports common resource configuration for CSI-RS based RRM measurement
· UE performs RRM measurement based on common resource configuration information and reports measured results (e.g., RSRP) of the best N detected CSI-RS resources and associated information, which could identify individual beam or TRxP
The common resource configuration for CSI-RS based RRM measurement contains at least one of the following information: CSI-RS resource set (e.g., time/frequency resource pool), periodicity of resource set, time offset of resource set, antenna port assumption (e.g., number of CSI-RS antenna ports used in the resource set), etc. Based on this common resource configuration information, UE may measure CSI-RS based RSRP for each CSI-RS resource/port/scrambling ID within resource set without using explicit configuration signaling for each CSI-RS resource/port/scrambling ID. In UE reporting, the associated information could be the index of CSI-RS resource configuration, antenna port index, cell ID/scrambling ID, etc. 
Regarding the signaling to carry common resource configuration for CSI-RS, either UE-common signaling or UE-group-common (e.g., SS block-specific or beam-specific) signaling can be considered. For example, if SIB (part of other SI) is used to carry such common resource configuration, the SIB transmitted on different beams could be the same or different. 
· Option 1: For UE-common signaling, the SIB on different beams carries CSI-RS configurations for all SS blocks and the association information between each CSI-RS configuration and SS block. By reading a SIB, UE can get all CSI-RS configurations. 
· Option 2: For UE-group-common signaling, SIB on different beams carries different CSI-RS configurations associated with a certain unit, e.g., the transmitted beam. By reading a SIB, UE can get the CSI-RS configurations associated with the transmitted beam. UE can be triggered or configured to read multiple SIBs to get more CSI-RS configurations if needed.
For L3 mobility, UE needs to perform RRM measurement both for serving cell and neighboring cells. Regarding common resource configuration for serving cell and neighboring cells, following options can be considered.

· Option 1: Common resource configuration includes CSI-RS configuration for serving cell and neighboring cells. Either single common signaling (e.g., certain SIB) or separate common signaling (e.g., different SIBs) can be used for CSI-RS configuration for serving cell and neighboring cells. This configuration method can largely reduce the configuration overhead but limit the configuration flexibility at the same time, especially for neighboring cells. Because it is difficult for gNB to select appropriate common CSI-RS configurations (beam directions) of neighboring cells for UEs in different locations. On top of common resource configuration, gNB can down select or update the CSI-RS to be measured by a UE via dedicated RRC signaling to further reduce the measurement overhead or to increase configuration flexibility.
· Option 2: Common resource configuration includes CSI-RS configuration for serving cell only. CSI-RS configuration of neighboring cells is notified in UE dedicated signaling. gNB could select appropriate CSI-RS configurations (beam directions) of neighboring cells for the UE based on UE’s reporting of NR-SSS measurement results of neighboring cells. This configuration method shows some trade-off between configuration overhead and configuration flexibility.
For the general configuration method as described above, since NR may support different mapping/multiplexing structures of CSI-RS for different antenna configurations and beamforming schemes, it may be applicable for different cases in different ways.

Case 1
In Case 1, for example, multiple CSI-RS on different beams are transmitted within a RB by using different CSI-RS resource and/or antenna port, which can be realized by digital/hybrid beamforming. 
Example#1-1: gNB configures common resource configuration for CSI-RS based RRM measurement via higher layer signalling. UE assumes the detected cell ID from NR-SS as scrambling ID of CSI-RS for measurement so that UE can autonomously derive scrambling ID of CSI-RS. UE tries to measure all possible CSI-RS resources/ports within the configured CSI-RS resource set (time/frequency resource pool), and reports the best N RRM measurement results with associated CSI-RS configuration index, antenna port index and cell ID. Fig. 1 shows an example of common resource configuration and CSI-RS resource mapping in Case 1. The CSI-RS resource configuration index and antenna port index are used to distinguish a beam within a cell. In the example, UE will try to measure 12*2 beams for a detected cell. 
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Figure 1 An example of CSI-RS resource configuration in Case 1
Example#1-2: However, the reporting overhead may be too large if UE needs to report CSI-RS configuration index, antenna port index, and cell ID for each of N results. To reduce the reporting overhead, gNB can also configure the CSI-RS-ID for associated information via higher larger signaling, e.g., for the combination set of CSI-RS resource configuration index, antenna port index, and cell ID. UE measures all CSI-RS resources associated with configured CSI-RS-IDs within the configured CSI-RS resource set and reports the best N RRM measurement results with associated CSI-RS-IDs. UE reporting overhead can be reduced significantly based on appropriate indexing of CSI-RS-ID, e.g., cell-specific or UE(-group)-specific indexing starting from #0 to minimize required number of bits for CSI-RS-ID reporting.
Example#1-3: In above examples, UE may try to measure all configured CSI-RS resources even though maybe only some CSI-RS (beams) are directed to the UE. To reduce UE measurement complexity and power consumption, UE can measure partial CSI-RS resources within the configured CSI-RS resource set. The detection and measurement results based on SS block can be used to down-select the CSI-RS (beams) to be measured. For example, on top of common resource configuration, gNB can also configure or update the set of CSI-RS-IDs to be measured for a UE via dedicated RRC signaling based on UE’s reporting of SS block measurement results. In another example, UE can down-select the CSI-RS to be measured by itself based on SS block measurement results if gNB configures association information (e.g., QCL) between SS block index and CSI-RS-ID via higher layer signaling. In both examples, UE can measure only partial CSI-RS resources and thus UE measurement complexity is reduced and power consumption is saved.
Case 2
In Case 2, multiple beams are transmitted on CSI-RS resources in different symbols/slots (TDMed), or different PRBs (FDMed), or different symbols/slots and PRBs (combination of TDMed and FDMed). The examples are shown in Fig. 2. For example, TDMed case is applicable to analogue BF configuration at gNB.

Example#2: The common resource information for CSI-RS based RRM measurement should include the CSI-RS resource set of symbols/slots/RBs. Since different beams can be distinguished by symbols/slots and/or PRBs, UE can report such associated information with RRM measurement results to identify each beam. For example, in Fig. 2 (a), UE reports best N measurement results with associated time unit index and cell ID. In Fig. 2 (b), UE reports best N measurement results with associated frequency unit index and cell ID. In Fig. 2 (c), UE reports best N measurement results with associated time/frequency unit index and cell ID. In the measurement, UE assumes the detected cell ID as scrambling ID of CSI-RS. 

[image: image2]
Figure 2 Examples of CSI-RS multiplexing (TDMed, FDMed, combination of TDMed and FDMed) for multiple TX beams
Proposal 1:
· NR supports following CSI-RS configuration and measurement/reporting methods for NR RRM measurement based on CSI-RS in CONNECTED mode.
· gNB configures at least common resource configuration for CSI-RS based RRM measurement.
· The common resource configuration for CSI-RS based RRM measurement contains at least one of the following information: CSI-RS resource set (e.g., time/frequency resource pool), periodicity of resource set, time offset of resource set, antenna port assumption (e.g., number of CSI-RS antenna ports used in the resource set)
· The common resource configuration is carried in UE-common signaling or UE-group-common signaling.

· The common resource configuration includes CSI-RS configuration for serving cell only, or for serving cell and neighboring cells. 

· On top of common resource configuration, gNB can configure CSI-RS-IDs to be measured via dedicated signaling or association information between CSI-RS configuration and SS block index via UE-common signaling or UE-group-common signaling.
· UE performs CSI-RS based RRM measurement based on common resource configuration information and reports measured results (e.g., RSRP) of the best N detected CSI-RS resources and associated information, which could identify the beam. The associated information could be following in different cases:
· CSI-RS configuration index, antenna port index, and cell ID

· CSI-RS-ID and cell ID

· CSI-RS-ID

· Time/frequency unit index and cell ID

3. Discussion on CSI-RS properties
In addition to CSI-RS configuration, the properties of CSI-RS for RRM measurement for L3 mobility should also be discussed.
Timing
Even though CSI-RS for RRM measurement can be turned on and off, once a CONNECTED UE is configured with CSI-RS based RRM measurement, at least periodic CSI-RS transmission should be supported for UE RRM measurement. The minimum periodicity of CSI-RS transmission could be 20 ms, which is the same as SS block. In addition to periodic CSI-RS transmission for RRM measurement, aperiodic mechanism for CSI-RS based RRM measurement can also be considered. For example, when L1/L2 beam measurement results for all configured beams are not good, UE may request aperiodic CSI-RS transmission and reporting for L3 RRM measurement so that gNB can reconfigure the set of CSI-RS for L1/L2 beam management procedure.
Bandwidth
There are two options for bandwidth of CSI-RS transmission for RRM measurement, default bandwidth or configurable bandwidth. The default bandwidth may be the same as SS block including NR-PBCH or certain bandwidth notified in NR-PBCH. Even though RRC signaling overhead is reduced with the default bandwidth, it largely limits the flexibility of CSI-RS transmission and measurement. Therefore, RRC signaling configured bandwidth is preferred to enable the flexibility of CSI-RS transmission and possible narrow band measurement based on CSI-RS. In addition, different UEs may have different bandwidth capabilities in NR. For example, if a UE has limited bandwidth capability and is configured with UE-specific operating bandwidth, UE can assume that CSI-RS is transmitted in the full bandwidth.
Numerology
Similar as bandwidth, two options of default and configurable methods are possible. For default method, the numerology could be the same as SS block including NR-PBCH. However, considering the flexibility of CSI-RS transmission, it is preferred to use RRC signaling to configure the numerology of CSI-RS.
RE density and resource mapping
At the last RAN1 meeting, some agreements were made for RE pattern of CSI-RS for CSI-acquisition in MIMO section. It could save our effort if such design can be reused for CSI-RS for RRM measurement. Before that, we need to investigate the measurement accuracy with different parameter sets of RE density and bandwidth first. The number of REs per CSI-RS port should enable obtaining sufficient accuracy for the beam level measurements. 
In this section, we evaluate the RSRP estimation error based on CSI-RS with different RE density and bandwidth. Three bandwidths of 5 MHz with 15 kHz subcarrier spacing, 10 MHz with 15 kHz subcarrier spacing, and 40 MHz with 60 kHz subcarrier spacing are assumed as just few examples. The RSRP measurement accuracy in single cell scenario without interfering TRP, in multi-cell scenario with 2 interfering TRPs, and in multi-cell scenario with interference coordination based on muting scheme are evaluated. In different scenarios, three CSI-RS RE densities such as 1 RE/RB/port/symbol with 2 symbols, 1 RE/RB/port/symbol with 1 symbol, and ½ RE/RB/port/symbol (every two RBs are used) with 1 symbol are compared. The other evaluation assumptions are the same as those in [2].

Tables 1, 2 and 3 show the RSRP estimation error in different scenarios in different bandwidths. 5% and 95% CDF points of RSRP estimation error and the RSRP estimation error range from 5% to 95% are given. For all the three bandwidths cases, we can observe that multi-cell scenario with 2 interfering TRPs has much worse RRM measurement performance than single cell scenario. However, if the interference coordination based on muting scheme is utilized in multi-cell scenario, the RSRP measurement accuracy is largely improved and could be similar as that in single cell scenario. In addition, higher CSI-RS RE density could achieve better RSRP measurement performance. In the tables, the cases with red data fulfill the RSRP measurement accuracy requirement (-4, 4) if 2dB implementation margin is considered, and the cases with blue data have RSRP error range within 8 dB from 5% to 95% CDF points. For 5 MHz bandwidth, only the cases with CSI-RS RE density of 1 RE/RB/port with 2 symbols could provide sufficient measurement accuracy with one-shot measurement in single cell scenario and multi-cell scenario with muting scheme. Compared with 5MHz, 10MHz bandwidth could achieve better performance in the aspects of RSRP measurement accuracy and RSRP error range from 5% to 95% CDF points. Even CSI-RS RE density of 1 RE/RB/port with 1 symbol could fulfil the measurement accuracy in some cases in 10 MHz bandwidth. The number of REs in 10 MHz bandwidth with 15 kHz subcarrier spacing and 40 MHz bandwidth with 60 kHz subcarrier spacing is the same, and thus the performance gap between the two scenarios is not so obvious. From the Tables 2 and 3, we can see that compared with 10 MHz bandwidth with 15 kHz subcarrier spacing, 40 MHz bandwidth with 60 kHz subcarrier spacing could achieve better performance in the aspect of RSRP error range from 5% to 95% CDF points but have less cases that fulfil the RSRP measurement accuracy requirement (-4, 4).
Table 1: RSRP estimation error in 5 MHz with 15 kHz subcarrier spacing
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Table 2: RSRP estimation error in 10 MHz with 15 kHz subcarrier spacing
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Table 3: RSRP estimation error in 40 MHz with 60 kHz subcarrier spacing
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Based on the evaluation results above, we can observe that CSI-RS RE densities of 1 RE/RB/port with 2 symbols could provide sufficient measurement accuracy with one-shot measurement in single cell scenario and multi-cell scenario with muting scheme in 5/10/40 MHz bandwidth and in multi-cell scenario without muting scheme in 10/40 MHz bandwidth. CSI-RS RE densities of 1 RE/RB/port with 1 symbol could also provide sufficient measurement accuracy with one-shot measurement in some cases in single cell and multi-cell scenarios in 10/40 MHz bandwidth. Therefore, the RE density of CSI-RS for RRM measurement may be able to reuse the CSI-RS design for CSI-acquisition discussed in MIMO section. The CSI-RS RE mapping pattern should be further studied with consideration for different possible beamforming schemes.
Observation 2:
· CSI-RS RE densities of 1 RE/RB/port with 2 symbols could provide sufficient measurement accuracy with one-shot measurement in single cell scenario and multi-cell scenario with muting scheme in 5/10/40 MHz bandwidth.
· CSI-RS RE densities of 1 RE/RB/port with 2 symbols could provide sufficient measurement accuracy with one-shot measurement in multi-cell scenario without muting scheme in 10/40 MHz bandwidth.
· CSI-RS RE densities of 1 RE/RB/port with 1 symbol could provide sufficient measurement accuracy with one-shot measurement in some cases in single cell and multi-cell scenarios in 10/40 MHz bandwidth.
Proposal 2:
· NR supports following CSI-RS properties for RRM measurement for L3 mobility.
· Timing: CSI-RS for RRM measurement can be turned on and off. At least periodic CSI-RS transmission is supported, and aperiodic CSI-RS transmission should be further studied.
· Bandwidth: Bandwidth of CSI-RS for RRM measurement can be configured in RRC signaling.
· Numerology: Numerology of CSI-RS for RRM measurement can be configured in RRC signaling.
· RE density and mapping: The RE density of CSI-RS for RRM measurement may be able to reuse the CSI-RS design for CSI-acquisition. The RE mapping pattern of CSI-RS should be further studied with consideration for different possible beamforming schemes.
4. Conclusion 

In this contribution, we discussed on the configuration and properties of CSI-RS for L3 mobility for RRM measurement in CONNECTED mode. We made following observations and proposals. 

Observation 1:
· If configuration framework for CSI-RS based RSRP measurement in LTE is reused in NR CSI-RS based RRM measurement, it may cause too much configuration overhead due to UE-specific explicit configuration signaling and large number of beams to be measured.
Observation 2:
· CSI-RS RE densities of 1 RE/RB/port with 2 symbols could provide sufficient measurement accuracy with one-shot measurement in single cell scenario and multi-cell scenario with muting scheme in 5/10/40 MHz bandwidth.
· CSI-RS RE densities of 1 RE/RB/port with 2 symbols could provide sufficient measurement accuracy with one-shot measurement in multi-cell scenario without muting scheme in 10/40 MHz bandwidth.
· CSI-RS RE densities of 1 RE/RB/port with 1 symbol could provide sufficient measurement accuracy with one-shot measurement in some cases in single cell and multi-cell scenarios in 10/40 MHz bandwidth.
Proposal 1:
· NR supports following CSI-RS configuration and measurement/reporting methods for NR RRM measurement based on CSI-RS in CONNECTED mode.
· gNB configures at least common resource configuration for CSI-RS based RRM measurement.
· The common resource configuration for CSI-RS based RRM measurement contains at least one of the following information: CSI-RS resource set (e.g., time/frequency resource pool), periodicity of resource set, time offset of resource set, antenna port assumption (e.g., number of CSI-RS antenna ports used in the resource set)
· The common resource configuration is carried in UE-common signaling or UE-group-common signaling.

· The common resource configuration includes CSI-RS configuration for serving cell only, or for serving cell and neighboring cells. 

· On top of common resource configuration, gNB can configure CSI-RS-IDs to be measured via dedicated signaling or association information between CSI-RS configuration and SS block index via UE-common signaling or UE-group-common signaling.
· UE performs CSI-RS based RRM measurement based on common resource configuration information and reports measured results (e.g., RSRP) of the best N detected CSI-RS resources and associated information, which could identify the beam. The associated information could be following in different cases:
· CSI-RS configuration index, antenna port index, and cell ID

· CSI-RS-ID and cell ID

· CSI-RS-ID

· Time/frequency unit index and cell ID

Proposal 2:
· NR supports following CSI-RS properties for RRM measurement for L3 mobility.
· Timing: CSI-RS for RRM measurement can be turned on and off. At least periodic CSI-RS transmission is supported, and aperiodic CSI-RS transmission should be further studied.
· Bandwidth: Bandwidth of CSI-RS for RRM measurement can be configured in RRC signaling.
· Numerology: Numerology of CSI-RS for RRM measurement can be configured in RRC signaling.
· RE density and mapping: The RE density of CSI-RS for RRM measurement may be able to reuse the CSI-RS design for CSI-acquisition. The RE mapping pattern of CSI-RS should be further studied with consideration for different possible beamforming schemes.
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