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1
Introduction

The current ASP definitions for configuration of CSI references signals (CSI RS) are incomplete and cannot be used in test cases. ( Definitions need to be replaced to fulfil test case requirements.
Currently in TS 38.523-1 there are measurement test cases (8.1.3.1.13, 8.1.3.1.14, 8.2.3.9.1 and 8.2.3.10.1) in which the UE shall report measurement of CSI RS for a  neighbouring cell and there is one test case (7.1.1.1.4) about beam failure recovery, but there are no test cases e.g. for CSI reporting.
( For the time being the ASP definitions shall be focussed on pure configuration of CSI RS according to TS 38.211 clause 7.4.1.5. Further requirements e.g. regarding CSI IM or triggering aperiodic CSI RS are not considered yet and may require further investigations and extensions when there are additional requirements for signalling conformance test cases (NOTE: ZP-CSI-RS configuration is out of scope of this document as it does not affect any RS transmission to be done by the SS but is mainly for rate matching; nevertheless ZP-CSI-RS configuration is provided to the SS already as being part of PDSCH-Config).
RRC signalling provides two ways for configuration of CSI RS at the UE (see e.g. TS 38.211 clause 7.4.1.5.1):
a) NZP-CSI-RS-Resources (contained in CSI-MeasConfig of ServingCellConfig) or
b) CSI-RS-Resource-Mobility (contained in MeasConfig)
Variant b) is used by measurement test cases when the configuration affects neighbouring cells whereas variant a) is expected to be used when CSI-RS shall be configured for the serving cell, e.g. in the beam failure test case (NOTE: So far test case 7.1.1.1.4 does not specify any CSI-RS configuration at the UE at all).
The major difference between variants a) and b) is, that according to TS 38.211 clause 7.4.1.5.3 for variant a) the frequency band used for CSI-RS is relative to a given BWP whereas for variant b) it is relative to a point A which according to TS 38.331 is given by MeasObjectNR.refFreqCSI-RS.

2
Proposal
The following ASP changes are proposed to allow implementation and verification of multi-beam test cases:

1. Even though configuration variant a) is associated with a BWP (bwp-id in CSI-ResourceConfig), for variant b) there does not even need to be a BWP configured for a neighbouring cell with CSI-RS.
( CSI configuration to be moved from NR_DownlinkBWP_Type to NR_CellConfigPhysicalLayerDownlink_Type and consequently group CSI_Reference_Signals  moved into group PhysicalLayer_Downlink (and renamed to CSI_Configuration)
2. There is no need to distinguish variant a) and b) for configuration of the system simulator but ASN.1 types of variant a) can be used for both variants as in fact ASN.1 definitions for variant b) are a subset of variant a), where being relevant for SS configuration.
3. As working assumptions and in accordance to TS 38.331 for variant b) the UE gets configured with MeasObjectNR.refFreqCSI-RS being point A of the measured cell (Note: this is missing in the test prose so far) 
( In general CSI-RS-CellMobility.csi-rs-MeasurementBW.startPRB should be set to ‘offsetToCarrier’ of the cell as per default RBstart is 0 for the BWP (Note: currently CSI-RS-CellMobility.csi-rs-MeasurementBW.startPRB is hard coded to 0 for test cases 8.2.3.9.1 and 8.2.3.10.1). 
For SS configuration the ‘freqBand’ is provided as for variant a). In addition, as for variant b) there does not need to be any BWP configured in the neighbouring cell, the SS gets the offset between point A and where freqBand starts (what is the start of the BWP, if any).

4. For extendibility (e.g. if configuration of CSI-IM is required in a future test case) the CSI configuration shall be a union currently with only one branch for CSI-RS.
ASP Definitions
	



	  type record NR_DownlinkBWP_Type {                                     /* Configuration of single BWP at the SS */

    BWP_Id                              Id                    optional, /* Initial BWP:    0

                                                                         * Dedicated BWP:  1..4 */

    NR_ASN1_BWP_Type                    BWP                   optional, /* Frequency domain location and bandwidth, subcarrier spacing, cyclic prefix */

    NR_BWP_PDCCH_Configuration_Type     Pdcch                 optional,

    NR_BWP_PDSCH_Configuration_Type     Pdsch                 optional,

    NR_ASN1_SPS_Config_Type             Sps                   optional /* BWP-DownlinkDedicated.SPS-Config */


  };

	  type record NR_CellConfigPhysicalLayerDownlink_Type {                 /* physical layer configuration at the SS for the downlink of a cell

                                                                           !!!! NR-NOTE: there is no AntennaGroup (NR_DownlinkAntennaGroupConfig_Type); specifc antenna group configuration may be described in part 3 if needed !!!! */

    NR_ASN1_FrequencyInfoDL_Type        FrequencyInfoDL       optional, /* carries information about location of SSB and reference resource block (point A) in frequency domain

                                                                           and about associated frequency bands (list of FreqBandIndicatorNR) */

    NR_SSB_Config_Type                  SSPbchBlock           optional, /* Configuration of SS/PBCH-block transmission */

    NR_PDSCH_CellLevelConfig_Type       PdschCellLevelConfig  optional, /* Cell-level configuration of PDSCH being applicable independent from the BWP a PDSCH is associated to */

    NR_DownlinkBWPs_Type                BWPs                  optional, /* Configuration of DL BWPs and their associated physical channels and signals */
    NR_CSI_Config_Type                  CsiConfig             optional  /* Configuration of CSI Reference Signals */
  };

  

	  group CSI_Configuration {













  type union NR_CSI_RS_Periodicity_Type {                               /* NOTE: may be extended with 'Aperiodic' branch if needed */

    CSI_ResourcePeriodicityAndOffset    PeriodicityAndOffset            /* periodicity and slot offset as used by NZP-CSI-RS-Resource for periodic and semi-persistent configuration;

                                                                           the periodicity is given in the number of slots whereas CSI-RS-Resource-Mobility.slotConfig specifies the periodicity in millseconds

                                                                           => to configure the CSI-RS configuration corresponding to CSI-RS-Resource-Mobility the periodicity needs to be converted depending on the numerology */

  };

  type record NR_NZP_CSI_RS_Config_Type {                               /* Channel-state information reference signal (CSI) according to TS 38.211 clause 7.4.1.5, TS 38.214 clause 5.1.6.1 and clause 5.2.2.3;

                                                                           the UE may be configured with non-zero-power (NZP) CSI-RS by 

                                                                           a) NZP-CSI-RS-Resource (contained in CSI-MeasConfig) or 

                                                                           b) CSI-RS-Resource-Mobility (contained in MeasConfig) 
                                                                           (according to TS 38.211 clause 7.4.1.5.1) */

    ScramblingId                        ScramblingId          optional, /* INTEGER(0..1023); Scrambling ID for CSI-RS as provided to the UE in NZP-CSI-RS-Resource.scramblingID or CSI-RS-Resource-Mobility.sequenceGenerationConfig */

    CSI_RS_ResourceMapping              ResourceMapping       optional, /* resource mapping as used in NZP-CSI-RS-Resource;

                                                                           there is the following mapping with CSI-RS-CellMobility

                                                                           - frequencyDomainAllocation: 

                                                                           For CSI-RS-Resource-Mobility there are row1 or row2 only

                                                                           - nrofPorts: 

                                                                           One port for CSI-RS-Resource-Mobility (according to TS 38.211 Table 7.4.1.5.3-1 for Row=1 and Row=2)

                                                                           - firstOFDMSymbolInTimeDomain (l0): 

                                                                           same for CSI-RS-ResourceMapping and CSI-RS-Resource-Mobility

                                                                           - firstOFDMSymbolInTimeDomain2 (l1): 

                                                                           Not present for CSI-RS-Resource-Mobility (there is no l1 for Row=1 and Row=2 in Table 7.4.1.5.3-1 of TS 38.211)

                                                                           - cdm-Type: 

                                                                           No CDM for CSI-RS-Resource-Mobility (according to Row=1 and Row=2 in Table 7.4.1.5.3-1 of TS 38.211)

                                                                           - density: 

                                                                           ENUMERATED {d1,d3} for CSI-RS-CellMobility to be mapped to CHOICE (one, three) of CSI-RS-ResourceMapping

                                                                           - freqBand: 

                                                                           According to TS 38.331 

                                                                           a) CSI-FrequencyOccupation specifies the frequency range for CSI-RS relative to a given BWP (CSI-ResourceConfig.bwp-id) whereas 

                                                                           b) CSI-RS-CellMobility specifies the position relative to point A (given by MeasObjectNR.refFreqCSI-RS)

                                                                           => As there is no equivalent to CSI-ResourceConfig.bwp-id for variant b), 'OffsetToFreqBand' is used to fully specify the frequency range (see below) */

    integer                             OffsetToFreqBand      optional, /* The frequency band for CSI-RS starts at OffsetToFreqBand + ResourceMapping.freqBand.startingRB from point A.

                                                                           a) When the UE is configured with NZP-CSI-RS-Resource:

                                                                           ResourceMapping.freqBand shall be set to the same value as signalled to the UE and OffsetToFreqBand shall be set offsetToCarrier + BWP.RB_Start.

                                                                           (NOTE: in general RB_Start is 0 in BWP.locationAndBandwidth: i.e. BWP.RB_Start=0 => OffsetToFreqBand = offsetToCarrier)

                                                                           b) When the UE is configured with CSI-RS-CellMobility:

                                                                           OffsetToFreqBand and ResourceMapping.freqBand.startingRB shall be set so that 

                                                                           OffsetToFreqBand + ResourceMapping.freqBand.startingRB = CSI-RS-CellMobility.csi-rs-MeasurementBW.startPRB.

                                                                           (NOTE: In general it shall be 

                                                                           OffsetToFreqBand = offsetToCarrier and 

                                                                           ResourceMapping.freqBand.startingRB = CSI-RS-CellMobility.csi-rs-MeasurementBW.startPRB - offsetToCarrier) */

    NR_CSI_RS_Periodicity_Type          Periodicity           optional,

    integer                             Attenuation           optional  /* Beam power: reference power for CSI-RS transmissions relative to the actual reference cell power (MaxReferencePower - Attenuation of cell power);

                                                                           see NR_SSB_Beam_Type */

  };

  type record of NR_NZP_CSI_RS_Config_Type NR_NZP_CSI_RS_ConfigList_Type;       /* Array with set of CSI reference signals; each CSI-RS may belong to a different beam */
  type union NR_CSI_Config_Type {                                       /* Primitive for configuration CSI for the given cell at the SS

                                                                           NOTE: further branches may be added e.g. to support CSI-IM */

    NR_NZP_CSI_RS_ConfigList_Type       CSI_RS,                         /* Configuration of CSI reference signals:

                                                                           Configuration of CSI reference signals does not necessarily mean that there is CSI reporting but CSI-RS is also needed for 

                                                                           - link monitoring (beam failure scenarios) and 

                                                                           - neighbouring cell measurement.

                                                                           For these cases periodic CSI-RS is used and may be started immediately (TimingInfo=Now) or at a specific point in time with periodicity as specified by Periodicity.PeriodicityAndOffset.

                                                                           Semi-persistent CSI-RS could be realised in the same way as periodic CSI-RS (but with specific TimingInfo).

                                                                           Aperiodic CSI-RS is not considered so far 

                                                                           (NOTE: For simple cases of aperiodic CSI-RS NR_CSI_RS_Periodicity_Type may be extended with an 'Aperiodic' branch but e.g. combination of periodic and aperiodic CSI-RS would require a more complex approach, e.g. with explicit trigger for the transmission of the CSI-RS) */
      Null_Type                           None

  };
  } // End sub-sub-sub-sub-group CSI_Configuration


3
Further issues
3.1
Test model and prose issues

· Potential collisions of CSI-RS with SSB and system information scheduling (see TS 38.214 clause 5.1.6.1): 
may be avoided by appropriate periodicity/offset

· Potential instability (rate matching) when CSI-RS is configured at the SS already but not on the UE yet (or the other way round):
may be avoided by using TimgInfo!=Now.
3.2
Prose issues
· all test cases:
Core specs do not define a concrete relationship between SSBs and beams or between CSI-RS’ and beams (even “beam” is not clearly defined anywhere) and especially there is no a priori relation between an SSB index and a CSI-RS index ( Test case prose shall avoid any assumptions like this.
( test cases shall define power level for SSB transmissions (as done in R5-194855) and CSI-RS transmission but not refer to beams.
· Test cases 8.2.3.9.1 (Table 8.2.3.9.1.3.3-14B) and 8.2.3.10.1 (Table 8.2.3.10.1.3.3-14C): 
csi-rs-MeasurementBW.startPRB is hard-coded to 0 but depends on offsetToCarrier.
· Test case 7.1.1.1.4: 
There are no CSI-RS resources configured at the UE at all;
assumption: UE to be configured with NZP-CSI-RS-Resources (variant a);
if so: TCI states may need to be configured as well
· …
