3GPP TSG-RAN2 Meeting#110 electronic                        R2-2005309
Online, 1st – 12th June, 2020
Agenda Item:
6.15.2
Source: 
Huawei, HiSilicon
Title: 
On the impact of DRX on CLI SRS-RSRP measurement
Document for:
Discussion and decision
1 Introduction
In this contribution, we analyze the impact of DRX on CLI SRS-RSRP measurement and subsequently investigate some possible approaches for addressing this problem.
2 Discussion
2.1 The DRX impact
For mitigating the cross-link interference, the victim UE can be configured to perform CLI SRS-RSRP measurement where measurement resources are SRS resources transmitted by one or multiple aggressor UEs. According to the current measuring rule, only periodic SRS resources can be by configured as CLI measurement resources and the victim UE measures every configured CLI SRS resource based on the corresponding resource configuration [1].

However, if aggressor UEs are configured with DRX function, there would occur a problem for victim UEs when performing CLI SRS-RSRP measurement. Specifically, the aggressor UE cannot transmit periodic or semi-persistent SRS during DRX non-active time due to the restriction of DRX, but the victim UE has no idea about such situation and will assume that all CLI SRS resources are transmitted normally based on the configured measurement resource configuration, resulting in that the victim UE obtains incorrect measuring results.
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Fig.1 An example for CLI SRS-RSRP measurement

Here we take Fig. 1 as an example for illustration. Assume that UE 1 under gNB A causes CLI to UE 2 under gNB B. The gNB B can configure UE 2 to perform CLI measurement on SRS resource transmitted by UE 1 which is obtained from gNB A by gNB information exchange. According to the resource configuration, UE 1 is supposed to transmit SRS periodically at the time 1, 2, 3 and 4, but only transmits SRS at the time 1, 2 and 4 since the time 3 is in DRX non-active time when periodic and semi-persistent SRS transmissions are not allowed. The UE 2, without knowledge about the actual SRS transmission, still performs measurement at time 1, 2, 3 and 4 and applies L1/L3 filtering using these results. However, at time 3, UE 2 cannot obtain normal SRS-RSRP, but e.g. an extremely low value causing the average interference strength to be inaccurate after filtering, which further has a negative impact on the effectiveness of CLI management. For instance, the filtered result of a strong interference can be greatly lowered if the proportion of DRX-caused abnormal SRS-RSRPs among all measured values is high. In this case, the network cannot correctly identify strong inferences and accordingly coordinate scheduling to reduce the CLI caused by these interference sources, which weakens the function of CLI management. 
Observation 1: The accuracy of CLI SRS-RSRP measurement results can be affected if the aggressor UE transmitting the measurement SRS resources is configured with the DRX function.
Therefore, for ensuring the effectiveness and applicability of the CLI measurement, we propose to discuss this issue and investigate possible solutions.
2.2 Potential solutions
As analysed above, the key point of the DRX-impact issue is that the aggressor UE does not transmit SRS based on resource configurations while the victim UE performs measurement at all configured time units. 
Alternative 1: UE implementation
One straightforward solution may be left this to UE implementation, i.e., the UE adopts certain exception handling method to guarantee the measurement accuracy. For example, when obtaining a low measured SRS-RSRP, the UE does not use this result or adjusts filtering to reduce the negative impact brought by this result. Such an idea, however, would be difficult for implementation in practice since it is very complex for UE to identify abnormal results. 
Similar to the issue in current SSB measurement, when the reference signal is not transmitted, the UE would get a low measured result, but conversely, when getting a low measured result, the UE is not able to determine the cause considering that there can be several possible situations. For instance, this may be because the reference signal is not transmitted actually or the reference signal strength is really low due to e.g., larger relative distance or bad communication conditions. 

Observation 2: When obtaining a low measured result, the UE cannot distinguish the case when the reference signal is not transmitted from the case when the reference signal strength is actually low.
Therefore, if we rely on UE implementation to solve this problem, high demands on reasonable and effective strategies would be put on UE otherwise it is possible that the UE misjudges the situation, which deteriorates the CLI measurement. Besides, UEs may have various implementations bringing different outcomes, which is not beneficial for the network to understand the interference situation. 
Observation 3: Up to UE implementation is not a favourable solution since the UE’s behaviour would be complex and different implementations bring differentiated results. 
Hence, we propose to adopt a standardised solution in which the network and the UE can keep in consistence. 
Alternative 2: standardised solution
Referring to the prior art, one promising and simple approach is to let the aggressor UE transmit SRS resources used for CLI measurements irrespective of DRX state, i.e., it is specified that no matter the MAC entity is monitoring PDCCH or not, the MAC entity transmits periodic SRSs which are used as CLI measurement resources. 

By this way, it can be guaranteed that every SRS measurement resource for CLI measurement is transmitted based on given configurations such that the victim UE would not obtain abnormal measured result due to the absence of reference signals, which essentially ensures the accuracy and effectiveness of the CLI measurement. 
Proposal 1: Specify that the SRS used as CLI measurement resources are transmitted regardless of whether the MAC entity is in DRX active time or not when the DRX function is set up.

To realize the proposed solution, there is one more issue to address. Considering that in the current SRS configuration, there is no field indicating CLI related usage, which means the aggressor UE is unable to know which SRS resources would be used as CLI measurement resources for other UEs, we think an enhancement facilitating the UE to at least distinguish SRSs for CLI from other SRSs is necessary.
There may be three options:

· Option 1: a new field is introduced in the SRS resource configuration IE (i.e., SRS-Resource) or the SRS resource set configuration IE (i.e., SRS-ResourceSet) for indicating whether this SRS resource or SRS resource set is used for CLI measurement.
· Option 2: a new SRS resource set IE (e.g., SRS-CLIResourceSet-r16) is defined for configuring the SRS resources used as CLI measurement resources.
· Option 3: the network explicitly notifies the UE which SRS resource(s) or SRS resource set(s) is used for CLI measurement by e.g., indicating the CLI SRS resource index or resource set index to the UE.
All the above three methods can help the aggressor UE to distinguish SRSs for CLI measurement and we can further investigate how to optimise the ASN.1 design. 
Proposal 2: Introduce a method for the UE to distinguish SRSs for CLI measurement from other SRSs. Potential options are:
· Option 1: define a new field in the SRS resource configuration IE (i.e., SRS-Resource) or the SRS resource set configuration IE (i.e., SRS-ResourceSet) indicating whether this SRS resource or SRS resource set is used for CLI measurement.

· Option 2: define a new SRS resource set IE (e.g., SRS-CLIResourceSet-r16) configuring the SRS resources used as CLI measurement resources.

· Option 3: the network explicitly notifies the UE which SRS resource(s) or SRS resource set(s) is used for CLI measurement.

3 Conclusion

In this paper we discuss the DRX impact on CLI SRS-RSRP measurement and investigate possible solutions. Observations and proposals are summarized as below.
Observation 1: The accuracy of CLI SRS-RSRP measurement results can be affected if the aggressor UE transmitting the measurement SRS resources is configured with the DRX function.
Observation 2: When obtaining a low measured result, the UE cannot distinguish the case when the reference signal is not transmitted from the case when the reference signal strength is actually low.
Observation 3: Up to UE implementation is not a favourable solution since the UE’s behaviour would be complex and different implementations bring differentiated results. 

Proposal 1: Specify that the SRS used as CLI measurement resources are transmitted regardless of whether the MAC entity is in DRX active time or not when the DRX function is set up.

Proposal 2: Introduce a method for the UE to distinguish SRSs for CLI measurement from other SRSs. Potential options are:

· Option 1: define a new field in the SRS resource configuration IE (i.e., SRS-Resource) or the SRS resource set configuration IE (i.e., SRS-ResourceSet) indicating whether this SRS resource or SRS resource set is used for CLI measurement.

· Option 2: define a new SRS resource set IE (e.g., SRS-CLIResourceSet-r16) configuring the SRS resources used as CLI measurement resources.

· Option 3: the network explicitly notifies the UE which SRS resource(s) or SRS resource set(s) is used for CLI measurement.

4 References
[1] 3GPP TS 38.331 v16.0.0, Radio Resource Control (RRC) protocol specification.
5 Text proposal
5.1 TP to TS 38.321
5.7
Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].

Unchanged text omitted
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, aperiodic SRS and SRS for CLI measurement defined in TS 38.214 [7] when such is expected.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or ends in the middle of a PDCCH occasion).
5.2 TP to TS 38.331

5.2.1 Option 1-1
6.3.2
Radio resource control information elements

–
SRS-Config
The IE SRS-Config is used to configure sounding reference signal transmissions or to configure sounding reference signal measurements for CLI. The configuration defines a list of SRS-Resources and a list of SRS-ResourceSets. Each resource set defines a set of SRS-Resources. The network triggers the transmission of the set of SRS-Resources using a configured aperiodicSRS-ResourceTrigger (L1 DCI).

SRS-Config information element

-- ASN1START

-- TAG-SRS-CONFIG-START

SRS-Config ::=                          SEQUENCE {

    srs-ResourceSetToReleaseList            SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId    OPTIONAL,   -- Need N

    srs-ResourceSetToAddModList             SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet      OPTIONAL,   -- Need N

    srs-ResourceToReleaseList               SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-ResourceId          OPTIONAL,   -- Need N

    srs-ResourceToAddModList                SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-Resource            OPTIONAL,   -- Need N

    tpc-Accumulation                        ENUMERATED {disabled}                                               OPTIONAL,   -- Need S

    ...,

    [[

    srs-RequestForDCI-Format1-2-r16         INTEGER (1..2)                                                      OPTIONAL,   -- Need S

    srs-RequestForDCI-Format0-2-r16         INTEGER (1..2)                                                      OPTIONAL,   -- Need S

    srs-ResourceSetToAddModListForDCI-Format0-2-r16 SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet OPTIONAL, -- Need N

    srs-ResourceSetToReleaseListForDCI-Format0-2-r16 SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId OPTIONAL,-- Need N

    srs-PosResourceSetToReleaseList-r16     SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSetId-r16

                                                                                                                OPTIONAL,   -- Need N

    srs-PosResourceSetToAddModList-r16      SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSet-r16  OPTIONAL,-- Need N

    srs-PosResourceToReleaseList-r16        SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResourceId-r16  OPTIONAL,-- Need N

    srs-PosResourceToAddModList-r16         SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResource-r16 OPTIONAL    -- Need N

    ]]

}

SRS-ResourceSet ::=                     SEQUENCE {

    srs-ResourceSetId                       SRS-ResourceSetId,

    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL, -- Cond Setup

    resourceType                            CHOICE {

        aperiodic                               SEQUENCE {

            aperiodicSRS-ResourceTrigger            INTEGER (1..maxNrofSRS-TriggerStates-1),

            csi-RS                                  NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            slotOffset                              INTEGER (1..32)                                     OPTIONAL, -- Need S

            ...,

            [[

            aperiodicSRS-ResourceTriggerList            SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))

                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL  -- Need M

            ]]

        },

        semi-persistent                         SEQUENCE {

            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            ...

        },

        periodic                                SEQUENCE {

            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            ...

        }

    },

    usage                                   ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},

    alpha                                   Alpha                                                       OPTIONAL, -- Need S

    p0                                      INTEGER (-202..24)                                          OPTIONAL, -- Cond Setup

    pathlossReferenceRS                     PathlossReferenceRS-Config                                  OPTIONAL, -- Need M

    srs-PowerControlAdjustmentStates        ENUMERATED { sameAsFci2, separateClosedLoop}                OPTIONAL, -- Need S

    ...,

    [[

    pathlossReferenceRS-List-r16            SEQUENCE (SIZE(1..maxNrofSRS-PathlossReferenceRS-r16-1)) OF PathlossReferenceRS-Config

                                                                                                        OPTIONAL  -- Need M
    ]]

}

PathlossReferenceRS-Config ::=              CHOICE {

    ssb-Index                                   SSB-Index,

    csi-RS-Index                                NZP-CSI-RS-ResourceId

}

SRS-PosResourceSet-r16 ::=                  SEQUENCE {

    srs-PosResourceSetId-r16                    SRS-PosResourceSetId-r16,

    srs-PosResourceIdList-r16                   SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-PosResourceId-r16

                                                                                                        OPTIONAL, -- Cond Setup

    resourceType-r16                            CHOICE {

        aperiodic-r16                               SEQUENCE {

            aperiodicSRS-ResourceTriggerList-r16        SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-1))

                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL, -- Need M

            slotOffset-r16                              INTEGER (1..32)                                 OPTIONAL, -- Need S

            ...

        },

        semi-persistent-r16                         SEQUENCE {

            ...

        },

        periodic-r16                                SEQUENCE {

            ...

        }

    },

    alpha-r16                                   Alpha                                                   OPTIONAL, -- Need S

    p0-r16                                      INTEGER (-202..24)                                      OPTIONAL, -- Cond Setup

    pathlossReferenceRS-Pos-r16                 CHOICE {

        ssb-Index-16                                SSB-Index,

        csi-RS-Index-r16                            NZP-CSI-RS-ResourceId,

        ssb-r16                                     SSB-InfoNcell-r16,

        dl-PRS-r16                                  DL-PRS-Info-r16

    }                                                                                                   OPTIONAL, -- Need M

    ...
}

SRS-ResourceSetId ::=                   INTEGER (0..maxNrofSRS-ResourceSets-1)

SRS-PosResourceSetId-r16 ::=            INTEGER (0..maxNrofSRS-PosResourceSets-1-r16)

SRS-Resource ::=                        SEQUENCE {

    srs-ResourceId                          SRS-ResourceId,

    nrofSRS-Ports                           ENUMERATED {port1, ports2, ports4},

    ptrs-PortIndex                          ENUMERATED {n0, n1 }                                       OPTIONAL,   -- Need R

    transmissionComb                        CHOICE {

        n2                                      SEQUENCE {

            combOffset-n2                           INTEGER (0..1),

            cyclicShift-n2                          INTEGER (0..7)

        },

        n4                                      SEQUENCE {

            combOffset-n4                           INTEGER (0..3),

            cyclicShift-n4                          INTEGER (0..11)

        }

    },

    resourceMapping                         SEQUENCE {

        startPosition                           INTEGER (0..5),

        nrofSymbols                             ENUMERATED {n1, n2, n4},

        repetitionFactor                        ENUMERATED {n1, n2, n4}

    },

    freqDomainPosition                      INTEGER (0..67),

    freqDomainShift                         INTEGER (0..268),

    freqHopping                             SEQUENCE {

        c-SRS                                   INTEGER (0..63),

        b-SRS                                   INTEGER (0..3),

        b-hop                                   INTEGER (0..3)

    },

    groupOrSequenceHopping                  ENUMERATED { neither, groupHopping, sequenceHopping },

    resourceType                            CHOICE {

        aperiodic                               SEQUENCE {

            ...

        },

        semi-persistent                         SEQUENCE {

            periodicityAndOffset-sp                     SRS-PeriodicityAndOffset,

            ...

        },

        periodic                                SEQUENCE {

            periodicityAndOffset-p                      SRS-PeriodicityAndOffset,

            ...

        }

    },

    sequenceId                              INTEGER (0..1023),

    spatialRelationInfo                     SRS-SpatialRelationInfo                                 OPTIONAL,   -- Need R

    ...,

    [[

    resourceMapping-r16                     SEQUENCE {

        startPosition-r16                       INTEGER (0..13),

        nrofSymbols-r16                         ENUMERATED {n1, n2, n4},

        repetitionFactor-r16                    ENUMERATED {n1, n2, n4}

    }                                                                                               OPTIONAL,    -- Need R

usedForCLI-r16







ENUMERATED {true}








  OPTIONAL

 -- Need R
    ]]

}

Unchanged text omitted
-- TAG-SRS-CONFIG-STOP

-- ASN1STOP

	SRS-Config field descriptions

	tpc-Accumulation
If the field is absent, UE applies TPC commands via accumulation. If disabled, UE applies the TPC command without accumulation (this applies to SRS when a separate closed loop is configured for SRS) (see TS 38.213 [13], clause 7.3).


	SRS-Resource field descriptions

	cyclicShift-n2
Cyclic shift configuration (see TS 38.214 [19], clause 6.2.1).

	cyclicShift-n4
Cyclic shift configuration (see TS 38.214 [19], clause 6.2.1).

	freqHopping
Includes parameters capturing SRS frequency hopping (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, the network always configures this field such that b-hop > b-SRS.

	groupOrSequenceHopping
Parameter(s) for configuring group or sequence hopping (see TS 38.211 [16], clause  6.4.1.4.2). For CLI SRS-RSRP measurement, the network always configures this parameter to 'neither'.

	nrofSRS-Ports

Number of ports. For CLI SRS-RSRP measurement, the network always configures this parameter to 'port1'.

	periodicityAndOffset-p
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, sl1280 and sl2560 cannot be configured.

	periodicityAndOffset-sp
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1).

	ptrs-PortIndex
The PTRS port index for this SRS resource for non-codebook based UL MIMO. This is only applicable when the corresponding PTRS-UplinkConfig is set to CP-OFDM. The ptrs-PortIndex configured here must be smaller than the maxNrofPorts configured in the PTRS-UplinkConfig (see TS 38.214 [19], clause 6.2.3.1). This parameter is not applicable to CLI SRS-RSRP measurement.

	resourceMapping
OFDM symbol location of the SRS resource within a slot including nrofSymbols (number of OFDM symbols), startPosition (value 0 refers to the last symbol, value 1 refers to the second last symbol, and so on) and repetitionFactor (see TS 38.214 [19], clause 6.2.1 and TS 38.211 [16], clause 6.4.1.4). The configured SRS resource does not exceed the slot boundary. If resourceMapping-r16 is signalled, UE shall ignore the resourceMapping (without suffix). For CLI SRS-RSRP measurement, the network always configures nrofSymbols and repetitionFactor to 'n1'.

	resourceType
Periodicity and offset for semi-persistent and periodic SRS resource (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, only 'periodic' is applicable for resourceType.

	sequenceId
Sequence ID used to initialize pseudo random group and sequence hopping (see TS 38.214 [19], clause 6.2.1).

	spatialRelationInfo
Configuration of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS (see TS 38.214 [19], clause 6.2.1). This parameter is not applicable to CLI SRS-RSRP measurement.

	spatialRelationInfoPos
Configuration of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS/DL-PRS (see TS 38.214 [19], clause 6.2.1).

	srs-RequestForDCI-Format0-2

Indicate the number of bits for "SRS request"in DCI format 0_2. When the field is absent, then the value of 0 bit for "SRS request" in DCI format 0_2 is applied. If the parameter srs-RequestForDCI-Format0-2 is configured to value 1, 1 bit is used to indicate one of the first two rows of Table 7.3.1.1.2-24 in TS 38.212 [17] for triggered aperiodic SRS resource set. If the value 2 is configured, 2 bits are used to indicate one of the rows of Table 7.3.1.1.2-24 in TS 38.212 [17]. When UE is configured with supplementaryUplink, an extra bit (the first bit of the SRS request field) is used for the non-SUL/SUL indication.

	srs-RequestForDCI-Format1-2

Indicate the number of bits for "SRS request" in DCI format 1_2. When the field is absent, then the value of 0 bit for "SRS request" in DCI format 1_2 is applied. When the UE is configured with supplementaryUplink, an extra bit (the first bit of the SRS request field) is used for the non-SUL/SUL indication (see TS 38.214 [19], clause 6.1.1.2).

	srs-ResourceSetToAddModListForDCI-Format0-2

List of SRS resource set to be added or modified for DCI format 0_2 (see TS 38.212 [17], clause 7.3.1).

	srs-ResourceSetToReleaseListForDCI-Format0-2

List of SRS resource set to be released for DCI format 0_2 (see TS 38.212 [17], clause 7.3.1).

	transmissionComb
Comb value (2 or 4 or 8) and comb offset (0..combValue-1) (see TS 38.214 [19], clause 6.2.1).

	usedForCLI
Indicates that the SRS resource is used as CLI measurement resource.


	SRS-ResourceSet field descriptions

	alpha
alpha value for SRS power control (see TS 38.213 [13], clause 7.3). When the field is absent the UE applies the value 1.

	aperiodicSRS-ResourceTriggerList
An additional list of DCI "code points" upon which the UE shall transmit SRS according to this SRS resource set configuration (see TS 38.214 [19], clause 6.1.1.2). When the field is not included during a reconfiguration of SRS-ResourceSet of resourceType set to aperiodic, UE maintains this value based on the Need M; that is, this list is not considered as an extension of aperiodicSRS-ResourceTrigger for purpose of applying the general rule for extended list in clause 6.1.3.

	aperiodicSRS-ResourceTrigger
The DCI "code point" upon which the UE shall transmit SRS according to this SRS resource set configuration (see TS 38.214 [19], clause 6.1.1.2).

	associatedCSI-RS
ID of CSI-RS resource associated with this SRS resource set in non-codebook based operation (see TS 38.214 [19], clause 6.1.1.2).

	csi-RS
ID of CSI-RS resource associated with this SRS resource set. (see TS 38.214 [19], clause 6.1.1.2).

	csi-RS-IndexServingcell

Indicates CSI-RS index belonging to a serving cell

	dl-PRS-ResourceId

The ID of the DL PRS resource, see TS 37.355 [49]

	dl-PRS-ResourceSetId

The ID of the DL PRS resource set, see TS 37.355 [49]

	halfFrameIndex
Indicates whether SSB is in the first half or the second half of the frame. Value zero indicates the first half and value 1 indicates the second half.

	p0
P0 value for SRS power control. The value is in dBm. Only even values (step size 2) are allowed (see TS 38.213 [13], clause 7.3).

	pathlossReferenceRS
A reference signal (e.g. a CSI-RS config or a SS block) to be used for SRS path loss estimation (see TS 38.213 [13], clause 7.3).

	pathlossReferenceRS-Pos
A reference signal (e.g. a CSI-RS config or a SS block or a DL PRS config) to be used for SRS path loss estimation (see TS 38.213 [13], clause 7.3).

	resourceSelection
Indicates whether the configured SRS spatial relation resource is a SRS-Resource or SRS-PosResource.

	resourceType

Time domain behavior of SRS resource configuration, see TS 38.214 [19], clause 6.2.1. The network configures SRS resources in the same resource set with the same time domain behavior on periodic, aperiodic and semi-persistent SRS.

	sfn-SSB-Offset
Indicates the 4 LSBs of the SFN of the cell in which SSB is transmitted

	slotOffset
An offset in number of slots between the triggering DCI and the actual transmission of this SRS-ResourceSet. If the field is absent the UE applies no offset (value 0).

	srs-PowerControlAdjustmentStates
Indicates whether hsrs,c(i) = fc(i,1) or hsrs,c(i) = fc(i,2) (if twoPUSCH-PC-AdjustmentStates are configured) or separate close loop is configured for SRS. This parameter is applicable only for Uls on which UE also transmits PUSCH. If absent or release, the UE applies the value sameAs-Fci1 (see TS 38.213 [13], clause 7.3).

	srs-ResourceIdList
The IDs of the SRS-Resources used in this SRS-ResourceSet. If this SRS-ResourceSet is configured with usage set to codebook, the srs-ResourceIdList contains at most 2 entries. If this SRS-ResourceSet is configured with usage set to nonCodebook, the srs-ResourceIdList contains at most 4 entries.

	srs-ResourceSetId
The ID of this resource set. It is unique in the context of the BWP in which the parent SRS-Config is defined.

	ssb-IndexNcell

Indicates SSB index belonging to a non-serving cell

	ssb-IndexSevingcell

Indicates SSB index belonging to a serving cell

	trp-Id
indicates the TRP ID, see TS 37.355 [49]

	usage
Indicates if the SRS resource set is used for beam management, codebook based or non-codebook based transmission or antenna switching. See TS 38.214 [19], clause 6.2.1. Reconfiguration between codebook based and non-codebook based transmission is not supported.

	


	Conditional Presence
	Explanation

	Setup
	This field is mandatory present upon configuration of SRS-ResourceSet or SRS-Resource and optionally present, Need M, otherwise.

	NonCodebook
	This field is optionally present, Need M, in case of non-codebook based transmission, otherwise the field is absent.

	Pathloss
	The field is mandatory present if pathlossReferenceRS-Pos is included; otherwise it is optionally present, Need R


5.2.2 Option 1-2

6.3.2
Radio resource control information elements

–
SRS-Config
The IE SRS-Config is used to configure sounding reference signal transmissions or to configure sounding reference signal measurements for CLI. The configuration defines a list of SRS-Resources and a list of SRS-ResourceSets. Each resource set defines a set of SRS-Resources. The network triggers the transmission of the set of SRS-Resources using a configured aperiodicSRS-ResourceTrigger (L1 DCI).

SRS-Config information element

-- ASN1START

-- TAG-SRS-CONFIG-START

SRS-Config ::=                          SEQUENCE {

    srs-ResourceSetToReleaseList            SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId    OPTIONAL,   -- Need N

    srs-ResourceSetToAddModList             SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet      OPTIONAL,   -- Need N

    srs-ResourceToReleaseList               SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-ResourceId          OPTIONAL,   -- Need N

    srs-ResourceToAddModList                SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-Resource            OPTIONAL,   -- Need N

    tpc-Accumulation                        ENUMERATED {disabled}                                               OPTIONAL,   -- Need S

    ...,

    [[

    srs-RequestForDCI-Format1-2-r16         INTEGER (1..2)                                                      OPTIONAL,   -- Need S

    srs-RequestForDCI-Format0-2-r16         INTEGER (1..2)                                                      OPTIONAL,   -- Need S

    srs-ResourceSetToAddModListForDCI-Format0-2-r16 SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet OPTIONAL, -- Need N

    srs-ResourceSetToReleaseListForDCI-Format0-2-r16 SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId OPTIONAL,-- Need N

    srs-PosResourceSetToReleaseList-r16     SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSetId-r16

                                                                                                                OPTIONAL,   -- Need N

    srs-PosResourceSetToAddModList-r16      SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSet-r16  OPTIONAL,-- Need N

    srs-PosResourceToReleaseList-r16        SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResourceId-r16  OPTIONAL,-- Need N

    srs-PosResourceToAddModList-r16         SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResource-r16 OPTIONAL    -- Need N

    ]]

}

SRS-ResourceSet ::=                     SEQUENCE {

    srs-ResourceSetId                       SRS-ResourceSetId,

    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL, -- Cond Setup

    resourceType                            CHOICE {

        aperiodic                               SEQUENCE {

            aperiodicSRS-ResourceTrigger            INTEGER (1..maxNrofSRS-TriggerStates-1),

            csi-RS                                  NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            slotOffset                              INTEGER (1..32)                                     OPTIONAL, -- Need S

            ...,

            [[

            aperiodicSRS-ResourceTriggerList            SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))

                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL  -- Need M

            ]]

        },

        semi-persistent                         SEQUENCE {

            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            ...

        },

        periodic                                SEQUENCE {

            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            ...

        }

    },

    usage                                   ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},

    alpha                                   Alpha                                                       OPTIONAL, -- Need S

    p0                                      INTEGER (-202..24)                                          OPTIONAL, -- Cond Setup

    pathlossReferenceRS                     PathlossReferenceRS-Config                                  OPTIONAL, -- Need M

    srs-PowerControlAdjustmentStates        ENUMERATED { sameAsFci2, separateClosedLoop}                OPTIONAL, -- Need S

    ...,

    [[

    pathlossReferenceRS-List-r16            SEQUENCE (SIZE(1..maxNrofSRS-PathlossReferenceRS-r16-1)) OF PathlossReferenceRS-Config

                                                                                                        OPTIONAL,  -- Need M
    usage-v16xy                             ENUMERATED {CLI}











 OPTIONAL  -- Need R
    ]]

}

PathlossReferenceRS-Config ::=              CHOICE {

    ssb-Index                                   SSB-Index,

    csi-RS-Index                                NZP-CSI-RS-ResourceId

}

SRS-PosResourceSet-r16 ::=                  SEQUENCE {

    srs-PosResourceSetId-r16                    SRS-PosResourceSetId-r16,

    srs-PosResourceIdList-r16                   SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-PosResourceId-r16

                                                                                                        OPTIONAL, -- Cond Setup

    resourceType-r16                            CHOICE {

        aperiodic-r16                               SEQUENCE {

            aperiodicSRS-ResourceTriggerList-r16        SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-1))

                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL, -- Need M

            slotOffset-r16                              INTEGER (1..32)                                 OPTIONAL, -- Need S

            ...

        },

        semi-persistent-r16                         SEQUENCE {

            ...

        },

        periodic-r16                                SEQUENCE {

            ...

        }

    },

    alpha-r16                                   Alpha                                                   OPTIONAL, -- Need S

    p0-r16                                      INTEGER (-202..24)                                      OPTIONAL, -- Cond Setup

    pathlossReferenceRS-Pos-r16                 CHOICE {

        ssb-Index-16                                SSB-Index,

        csi-RS-Index-r16                            NZP-CSI-RS-ResourceId,

        ssb-r16                                     SSB-InfoNcell-r16,

        dl-PRS-r16                                  DL-PRS-Info-r16

    }                                                                                                   OPTIONAL, -- Need M

    ...
}

SRS-ResourceSetId ::=                   INTEGER (0..maxNrofSRS-ResourceSets-1)

SRS-PosResourceSetId-r16 ::=            INTEGER (0..maxNrofSRS-PosResourceSets-1-r16)

SRS-Resource ::=                        SEQUENCE {

    srs-ResourceId                          SRS-ResourceId,

    nrofSRS-Ports                           ENUMERATED {port1, ports2, ports4},

    ptrs-PortIndex                          ENUMERATED {n0, n1 }                                       OPTIONAL,   -- Need R

    transmissionComb                        CHOICE {

        n2                                      SEQUENCE {

            combOffset-n2                           INTEGER (0..1),

            cyclicShift-n2                          INTEGER (0..7)

        },

        n4                                      SEQUENCE {

            combOffset-n4                           INTEGER (0..3),

            cyclicShift-n4                          INTEGER (0..11)

        }

    },

    resourceMapping                         SEQUENCE {

        startPosition                           INTEGER (0..5),

        nrofSymbols                             ENUMERATED {n1, n2, n4},

        repetitionFactor                        ENUMERATED {n1, n2, n4}

    },

    freqDomainPosition                      INTEGER (0..67),

    freqDomainShift                         INTEGER (0..268),

    freqHopping                             SEQUENCE {

        c-SRS                                   INTEGER (0..63),

        b-SRS                                   INTEGER (0..3),

        b-hop                                   INTEGER (0..3)

    },

    groupOrSequenceHopping                  ENUMERATED { neither, groupHopping, sequenceHopping },

    resourceType                            CHOICE {

        aperiodic                               SEQUENCE {

            ...

        },

        semi-persistent                         SEQUENCE {

            periodicityAndOffset-sp                     SRS-PeriodicityAndOffset,

            ...

        },

        periodic                                SEQUENCE {

            periodicityAndOffset-p                      SRS-PeriodicityAndOffset,

            ...

        }

    },

    sequenceId                              INTEGER (0..1023),

    spatialRelationInfo                     SRS-SpatialRelationInfo                                 OPTIONAL,   -- Need R

    ...,

    [[

    resourceMapping-r16                     SEQUENCE {

        startPosition-r16                       INTEGER (0..13),

        nrofSymbols-r16                         ENUMERATED {n1, n2, n4},

        repetitionFactor-r16                    ENUMERATED {n1, n2, n4}

    }                                                                                               OPTIONAL    -- Need R    ]]

}

Unchanged text omitted
-- TAG-SRS-CONFIG-STOP

-- ASN1STOP

	SRS-Config field descriptions

	tpc-Accumulation
If the field is absent, UE applies TPC commands via accumulation. If disabled, UE applies the TPC command without accumulation (this applies to SRS when a separate closed loop is configured for SRS) (see TS 38.213 [13], clause 7.3).


	SRS-Resource field descriptions

	cyclicShift-n2
Cyclic shift configuration (see TS 38.214 [19], clause 6.2.1).

	cyclicShift-n4
Cyclic shift configuration (see TS 38.214 [19], clause 6.2.1).

	freqHopping
Includes parameters capturing SRS frequency hopping (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, the network always configures this field such that b-hop > b-SRS.

	groupOrSequenceHopping
Parameter(s) for configuring group or sequence hopping (see TS 38.211 [16], clause  6.4.1.4.2). For CLI SRS-RSRP measurement, the network always configures this parameter to 'neither'.

	nrofSRS-Ports

Number of ports. For CLI SRS-RSRP measurement, the network always configures this parameter to 'port1'.

	periodicityAndOffset-p
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, sl1280 and sl2560 cannot be configured.

	periodicityAndOffset-sp
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1).

	ptrs-PortIndex
The PTRS port index for this SRS resource for non-codebook based UL MIMO. This is only applicable when the corresponding PTRS-UplinkConfig is set to CP-OFDM. The ptrs-PortIndex configured here must be smaller than the maxNrofPorts configured in the PTRS-UplinkConfig (see TS 38.214 [19], clause 6.2.3.1). This parameter is not applicable to CLI SRS-RSRP measurement.

	resourceMapping
OFDM symbol location of the SRS resource within a slot including nrofSymbols (number of OFDM symbols), startPosition (value 0 refers to the last symbol, value 1 refers to the second last symbol, and so on) and repetitionFactor (see TS 38.214 [19], clause 6.2.1 and TS 38.211 [16], clause 6.4.1.4). The configured SRS resource does not exceed the slot boundary. If resourceMapping-r16 is signalled, UE shall ignore the resourceMapping (without suffix). For CLI SRS-RSRP measurement, the network always configures nrofSymbols and repetitionFactor to 'n1'.

	resourceType
Periodicity and offset for semi-persistent and periodic SRS resource (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, only 'periodic' is applicable for resourceType.

	sequenceId
Sequence ID used to initialize pseudo random group and sequence hopping (see TS 38.214 [19], clause 6.2.1).

	spatialRelationInfo
Configuration of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS (see TS 38.214 [19], clause 6.2.1). This parameter is not applicable to CLI SRS-RSRP measurement.

	spatialRelationInfoPos
Configuration of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS/DL-PRS (see TS 38.214 [19], clause 6.2.1).

	srs-RequestForDCI-Format0-2

Indicate the number of bits for "SRS request"in DCI format 0_2. When the field is absent, then the value of 0 bit for "SRS request" in DCI format 0_2 is applied. If the parameter srs-RequestForDCI-Format0-2 is configured to value 1, 1 bit is used to indicate one of the first two rows of Table 7.3.1.1.2-24 in TS 38.212 [17] for triggered aperiodic SRS resource set. If the value 2 is configured, 2 bits are used to indicate one of the rows of Table 7.3.1.1.2-24 in TS 38.212 [17]. When UE is configured with supplementaryUplink, an extra bit (the first bit of the SRS request field) is used for the non-SUL/SUL indication.

	srs-RequestForDCI-Format1-2

Indicate the number of bits for "SRS request" in DCI format 1_2. When the field is absent, then the value of 0 bit for "SRS request" in DCI format 1_2 is applied. When the UE is configured with supplementaryUplink, an extra bit (the first bit of the SRS request field) is used for the non-SUL/SUL indication (see TS 38.214 [19], clause 6.1.1.2).

	srs-ResourceSetToAddModListForDCI-Format0-2

List of SRS resource set to be added or modified for DCI format 0_2 (see TS 38.212 [17], clause 7.3.1).

	srs-ResourceSetToReleaseListForDCI-Format0-2

List of SRS resource set to be released for DCI format 0_2 (see TS 38.212 [17], clause 7.3.1).

	transmissionComb
Comb value (2 or 4 or 8) and comb offset (0..combValue-1) (see TS 38.214 [19], clause 6.2.1).


	SRS-ResourceSet field descriptions

	alpha
alpha value for SRS power control (see TS 38.213 [13], clause 7.3). When the field is absent the UE applies the value 1.

	aperiodicSRS-ResourceTriggerList
An additional list of DCI "code points" upon which the UE shall transmit SRS according to this SRS resource set configuration (see TS 38.214 [19], clause 6.1.1.2). When the field is not included during a reconfiguration of SRS-ResourceSet of resourceType set to aperiodic, UE maintains this value based on the Need M; that is, this list is not considered as an extension of aperiodicSRS-ResourceTrigger for purpose of applying the general rule for extended list in clause 6.1.3.

	aperiodicSRS-ResourceTrigger
The DCI "code point" upon which the UE shall transmit SRS according to this SRS resource set configuration (see TS 38.214 [19], clause 6.1.1.2).

	associatedCSI-RS
ID of CSI-RS resource associated with this SRS resource set in non-codebook based operation (see TS 38.214 [19], clause 6.1.1.2).

	csi-RS
ID of CSI-RS resource associated with this SRS resource set. (see TS 38.214 [19], clause 6.1.1.2).

	csi-RS-IndexServingcell

Indicates CSI-RS index belonging to a serving cell

	dl-PRS-ResourceId

The ID of the DL PRS resource, see TS 37.355 [49]

	dl-PRS-ResourceSetId

The ID of the DL PRS resource set, see TS 37.355 [49]

	halfFrameIndex
Indicates whether SSB is in the first half or the second half of the frame. Value zero indicates the first half and value 1 indicates the second half.

	p0
P0 value for SRS power control. The value is in dBm. Only even values (step size 2) are allowed (see TS 38.213 [13], clause 7.3).

	pathlossReferenceRS
A reference signal (e.g. a CSI-RS config or a SS block) to be used for SRS path loss estimation (see TS 38.213 [13], clause 7.3).

	pathlossReferenceRS-Pos
A reference signal (e.g. a CSI-RS config or a SS block or a DL PRS config) to be used for SRS path loss estimation (see TS 38.213 [13], clause 7.3).

	resourceSelection
Indicates whether the configured SRS spatial relation resource is a SRS-Resource or SRS-PosResource.

	resourceType

Time domain behavior of SRS resource configuration, see TS 38.214 [19], clause 6.2.1. The network configures SRS resources in the same resource set with the same time domain behavior on periodic, aperiodic and semi-persistent SRS.

	sfn-SSB-Offset
Indicates the 4 LSBs of the SFN of the cell in which SSB is transmitted

	slotOffset
An offset in number of slots between the triggering DCI and the actual transmission of this SRS-ResourceSet. If the field is absent the UE applies no offset (value 0).

	srs-PowerControlAdjustmentStates
Indicates whether hsrs,c(i) = fc(i,1) or hsrs,c(i) = fc(i,2) (if twoPUSCH-PC-AdjustmentStates are configured) or separate close loop is configured for SRS. This parameter is applicable only for Uls on which UE also transmits PUSCH. If absent or release, the UE applies the value sameAs-Fci1 (see TS 38.213 [13], clause 7.3).

	srs-ResourceIdList
The IDs of the SRS-Resources used in this SRS-ResourceSet. If this SRS-ResourceSet is configured with usage set to codebook, the srs-ResourceIdList contains at most 2 entries. If this SRS-ResourceSet is configured with usage set to nonCodebook, the srs-ResourceIdList contains at most 4 entries.

	srs-ResourceSetId
The ID of this resource set. It is unique in the context of the BWP in which the parent SRS-Config is defined.

	ssb-IndexNcell

Indicates SSB index belonging to a non-serving cell

	ssb-IndexSevingcell

Indicates SSB index belonging to a serving cell

	trp-Id
indicates the TRP ID, see TS 37.355 [49]

	usage
Indicates if the SRS resource set is used for beam management, codebook based or non-codebook based transmission, antenna switching or CLI management. See TS 38.214 [19], clause 6.2.1. Reconfiguration between codebook based and non-codebook based transmission is not supported.

	


	Conditional Presence
	Explanation

	Setup
	This field is mandatory present upon configuration of SRS-ResourceSet or SRS-Resource and optionally present, Need M, otherwise.

	NonCodebook
	This field is optionally present, Need M, in case of non-codebook based transmission, otherwise the field is absent.

	Pathloss
	The field is mandatory present if pathlossReferenceRS-Pos is included; otherwise it is optionally present, Need R


5.2.3 Option 2
6.3.2
Radio resource control information elements

–
SRS-Config
The IE SRS-Config is used to configure sounding reference signal transmissions or to configure sounding reference signal measurements for CLI. The configuration defines a list of SRS-Resources and a list of SRS-ResourceSets. Each resource set defines a set of SRS-Resources. The network triggers the transmission of the set of SRS-Resources using a configured aperiodicSRS-ResourceTrigger (L1 DCI).

SRS-Config information element

-- ASN1START

-- TAG-SRS-CONFIG-START

SRS-Config ::=                          SEQUENCE {

    srs-ResourceSetToReleaseList            SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId    OPTIONAL,   -- Need N

    srs-ResourceSetToAddModList             SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet      OPTIONAL,   -- Need N

    srs-ResourceToReleaseList               SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-ResourceId          OPTIONAL,   -- Need N

    srs-ResourceToAddModList                SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-Resource            OPTIONAL,   -- Need N

    tpc-Accumulation                        ENUMERATED {disabled}                                               OPTIONAL,   -- Need S

    ...,

    [[

    srs-RequestForDCI-Format1-2-r16         INTEGER (1..2)                                                      OPTIONAL,   -- Need S

    srs-RequestForDCI-Format0-2-r16         INTEGER (1..2)                                                      OPTIONAL,   -- Need S

    srs-ResourceSetToAddModListForDCI-Format0-2-r16 SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet OPTIONAL, -- Need N

    srs-ResourceSetToReleaseListForDCI-Format0-2-r16 SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId OPTIONAL,-- Need N

    srs-PosResourceSetToReleaseList-r16     SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSetId-r16

                                                                                                                OPTIONAL,   -- Need N

    srs-PosResourceSetToAddModList-r16      SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSet-r16  OPTIONAL,-- Need N

    srs-PosResourceToReleaseList-r16        SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResourceId-r16  OPTIONAL,-- Need N

    srs-PosResourceToAddModList-r16         SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResource-r16 OPTIONAL,    -- Need N
    srs-CLIResourceSetToReleaseList-r16     SEQUENCE (SIZE(1..maxNrofSRS-CLIResourceSets-r16)) OF SRS-CLIResourceSetId-r16 OPTIONAL, -- Need N

    srs-CLIResourceSetToAddModList-r16      SEQUENCE (SIZE(1..maxNrofSRS-CLIResourceSets-r16)) OF SRS-CLIResourceSet-r16
  OPTIONAL  -- Need N

    ]]

}

SRS-ResourceSet ::=                     SEQUENCE {

    srs-ResourceSetId                       SRS-ResourceSetId,

    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL, -- Cond Setup

    resourceType                            CHOICE {

        aperiodic                               SEQUENCE {

            aperiodicSRS-ResourceTrigger            INTEGER (1..maxNrofSRS-TriggerStates-1),

            csi-RS                                  NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            slotOffset                              INTEGER (1..32)                                     OPTIONAL, -- Need S

            ...,

            [[

            aperiodicSRS-ResourceTriggerList            SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))

                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL  -- Need M

            ]]

        },

        semi-persistent                         SEQUENCE {

            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            ...

        },

        periodic                                SEQUENCE {

            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            ...

        }

    },

    usage                                   ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},

    alpha                                   Alpha                                                       OPTIONAL, -- Need S

    p0                                      INTEGER (-202..24)                                          OPTIONAL, -- Cond Setup

    pathlossReferenceRS                     PathlossReferenceRS-Config                                  OPTIONAL, -- Need M

    srs-PowerControlAdjustmentStates        ENUMERATED { sameAsFci2, separateClosedLoop}                OPTIONAL, -- Need S

    ...,

    [[

    pathlossReferenceRS-List-r16            SEQUENCE (SIZE(1..maxNrofSRS-PathlossReferenceRS-r16-1)) OF PathlossReferenceRS-Config

                                                                                                        OPTIONAL  -- Need M

    ]]

}

PathlossReferenceRS-Config ::=              CHOICE {

    ssb-Index                                   SSB-Index,

    csi-RS-Index                                NZP-CSI-RS-ResourceId

}

SRS-PosResourceSet-r16 ::=                  SEQUENCE {

    srs-PosResourceSetId-r16                    SRS-PosResourceSetId-r16,

    srs-PosResourceIdList-r16                   SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-PosResourceId-r16

                                                                                                        OPTIONAL, -- Cond Setup

    resourceType-r16                            CHOICE {

        aperiodic-r16                               SEQUENCE {

            aperiodicSRS-ResourceTriggerList-r16        SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-1))

                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL, -- Need M

            slotOffset-r16                              INTEGER (1..32)                                 OPTIONAL, -- Need S

            ...

        },

        semi-persistent-r16                         SEQUENCE {

            ...

        },

        periodic-r16                                SEQUENCE {

            ...

        }

    },

    alpha-r16                                   Alpha                                                   OPTIONAL, -- Need S

    p0-r16                                      INTEGER (-202..24)                                      OPTIONAL, -- Cond Setup

    pathlossReferenceRS-Pos-r16                 CHOICE {

        ssb-Index-16                                SSB-Index,

        csi-RS-Index-r16                            NZP-CSI-RS-ResourceId,

        ssb-r16                                     SSB-InfoNcell-r16,

        dl-PRS-r16                                  DL-PRS-Info-r16

    }                                                                                                   OPTIONAL, -- Need M

    ...
}

SRS-CLIResourceSet-r16 ::=                  SEQUENCE {
    srs-CLIResourceSetId-r16                    SRS-PosResourceSetId-r16,

    srs-CLIResourceIdList-r16                   SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId
                                                                                                        OPTIONAL, -- Cond Setup

    resourceType                            CHOICE {

        aperiodic                               SEQUENCE {

            aperiodicSRS-ResourceTrigger            INTEGER (1..maxNrofSRS-TriggerStates-1),

            csi-RS                                  NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            slotOffset                              INTEGER (1..32)                                     OPTIONAL, -- Need S

            ...,

            [[

            aperiodicSRS-ResourceTriggerList            SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))

                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)  OPTIONAL  -- Need M

            ]]

        },

        semi-persistent                         SEQUENCE {

            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            ...

        },

        periodic                                SEQUENCE {

            associatedCSI-RS                        NZP-CSI-RS-ResourceId                               OPTIONAL, -- Cond NonCodebook

            ...

        }

    },

    alpha-r16                               Alpha                                                 
   OPTIONAL, -- Need S

    p0-r16                                  INTEGER (-202..24)                                      

OPTIONAL, -- Cond Setup

    pathlossReferenceRS-r16                 PathlossReferenceRS-Config                                  OPTIONAL, -- Need M

    srs-PowerControlAdjustmentStates-r16    ENUMERATED { sameAsFci2, separateClosedLoop}                OPTIONAL, -- Need S

    ...
}

SRS-ResourceSetId ::=                   INTEGER (0..maxNrofSRS-ResourceSets-1)

SRS-PosResourceSetId-r16 ::=            INTEGER (0..maxNrofSRS-PosResourceSets-1-r16)
SRS-CLIResourceSetId-r16 ::=            INTEGER (0..maxNrofSRS-CLIResourceSets-1-r16)
SRS-Resource ::=                        SEQUENCE {

    srs-ResourceId                          SRS-ResourceId,

    nrofSRS-Ports                           ENUMERATED {port1, ports2, ports4},

    ptrs-PortIndex                          ENUMERATED {n0, n1 }                                       OPTIONAL,   -- Need R

    transmissionComb                        CHOICE {

        n2                                      SEQUENCE {

            combOffset-n2                           INTEGER (0..1),

            cyclicShift-n2                          INTEGER (0..7)

        },

        n4                                      SEQUENCE {

            combOffset-n4                           INTEGER (0..3),

            cyclicShift-n4                          INTEGER (0..11)

        }

    },

    resourceMapping                         SEQUENCE {

        startPosition                           INTEGER (0..5),

        nrofSymbols                             ENUMERATED {n1, n2, n4},

        repetitionFactor                        ENUMERATED {n1, n2, n4}

    },

    freqDomainPosition                      INTEGER (0..67),

    freqDomainShift                         INTEGER (0..268),

    freqHopping                             SEQUENCE {

        c-SRS                                   INTEGER (0..63),

        b-SRS                                   INTEGER (0..3),

        b-hop                                   INTEGER (0..3)

    },

    groupOrSequenceHopping                  ENUMERATED { neither, groupHopping, sequenceHopping },

    resourceType                            CHOICE {

        aperiodic                               SEQUENCE {

            ...

        },

        semi-persistent                         SEQUENCE {

            periodicityAndOffset-sp                     SRS-PeriodicityAndOffset,

            ...

        },

        periodic                                SEQUENCE {

            periodicityAndOffset-p                      SRS-PeriodicityAndOffset,

            ...

        }

    },

    sequenceId                              INTEGER (0..1023),

    spatialRelationInfo                     SRS-SpatialRelationInfo                                 OPTIONAL,   -- Need R

    ...,

    [[

    resourceMapping-r16                     SEQUENCE {

        startPosition-r16                       INTEGER (0..13),

        nrofSymbols-r16                         ENUMERATED {n1, n2, n4},

        repetitionFactor-r16                    ENUMERATED {n1, n2, n4}

    }                                                                                               OPTIONAL    -- Need R

    ]]

}

Unchanged text omitted
-- TAG-SRS-CONFIG-STOP

-- ASN1STOP

	SRS-Config field descriptions

	tpc-Accumulation
If the field is absent, UE applies TPC commands via accumulation. If disabled, UE applies the TPC command without accumulation (this applies to SRS when a separate closed loop is configured for SRS) (see TS 38.213 [13], clause 7.3).


	SRS-Resource field descriptions

	cyclicShift-n2
Cyclic shift configuration (see TS 38.214 [19], clause 6.2.1).

	cyclicShift-n4
Cyclic shift configuration (see TS 38.214 [19], clause 6.2.1).

	freqHopping
Includes parameters capturing SRS frequency hopping (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, the network always configures this field such that b-hop > b-SRS.

	groupOrSequenceHopping
Parameter(s) for configuring group or sequence hopping (see TS 38.211 [16], clause  6.4.1.4.2). For CLI SRS-RSRP measurement, the network always configures this parameter to 'neither'.

	nrofSRS-Ports

Number of ports. For CLI SRS-RSRP measurement, the network always configures this parameter to 'port1'.

	periodicityAndOffset-p
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, sl1280 and sl2560 cannot be configured.

	periodicityAndOffset-sp
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1).

	ptrs-PortIndex
The PTRS port index for this SRS resource for non-codebook based UL MIMO. This is only applicable when the corresponding PTRS-UplinkConfig is set to CP-OFDM. The ptrs-PortIndex configured here must be smaller than the maxNrofPorts configured in the PTRS-UplinkConfig (see TS 38.214 [19], clause 6.2.3.1). This parameter is not applicable to CLI SRS-RSRP measurement.

	resourceMapping
OFDM symbol location of the SRS resource within a slot including nrofSymbols (number of OFDM symbols), startPosition (value 0 refers to the last symbol, value 1 refers to the second last symbol, and so on) and repetitionFactor (see TS 38.214 [19], clause 6.2.1 and TS 38.211 [16], clause 6.4.1.4). The configured SRS resource does not exceed the slot boundary. If resourceMapping-r16 is signalled, UE shall ignore the resourceMapping (without suffix). For CLI SRS-RSRP measurement, the network always configures nrofSymbols and repetitionFactor to 'n1'.

	resourceType
Periodicity and offset for semi-persistent and periodic SRS resource (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, only 'periodic' is applicable for resourceType.

	sequenceId
Sequence ID used to initialize pseudo random group and sequence hopping (see TS 38.214 [19], clause 6.2.1).

	spatialRelationInfo
Configuration of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS (see TS 38.214 [19], clause 6.2.1). This parameter is not applicable to CLI SRS-RSRP measurement.

	spatialRelationInfoPos
Configuration of the spatial relation between a reference RS and the target SRS. Reference RS can be SSB/CSI-RS/SRS/DL-PRS (see TS 38.214 [19], clause 6.2.1).

	srs-RequestForDCI-Format0-2

Indicate the number of bits for "SRS request"in DCI format 0_2. When the field is absent, then the value of 0 bit for "SRS request" in DCI format 0_2 is applied. If the parameter srs-RequestForDCI-Format0-2 is configured to value 1, 1 bit is used to indicate one of the first two rows of Table 7.3.1.1.2-24 in TS 38.212 [17] for triggered aperiodic SRS resource set. If the value 2 is configured, 2 bits are used to indicate one of the rows of Table 7.3.1.1.2-24 in TS 38.212 [17]. When UE is configured with supplementaryUplink, an extra bit (the first bit of the SRS request field) is used for the non-SUL/SUL indication.

	srs-RequestForDCI-Format1-2

Indicate the number of bits for "SRS request" in DCI format 1_2. When the field is absent, then the value of 0 bit for "SRS request" in DCI format 1_2 is applied. When the UE is configured with supplementaryUplink, an extra bit (the first bit of the SRS request field) is used for the non-SUL/SUL indication (see TS 38.214 [19], clause 6.1.1.2).

	srs-ResourceSetToAddModListForDCI-Format0-2

List of SRS resource set to be added or modified for DCI format 0_2 (see TS 38.212 [17], clause 7.3.1).

	srs-ResourceSetToReleaseListForDCI-Format0-2

List of SRS resource set to be released for DCI format 0_2 (see TS 38.212 [17], clause 7.3.1).

	transmissionComb
Comb value (2 or 4 or 8) and comb offset (0..combValue-1) (see TS 38.214 [19], clause 6.2.1).


	SRS-ResourceSet field descriptions

	alpha
alpha value for SRS power control (see TS 38.213 [13], clause 7.3). When the field is absent the UE applies the value 1.

	aperiodicSRS-ResourceTriggerList
An additional list of DCI "code points" upon which the UE shall transmit SRS according to this SRS resource set configuration (see TS 38.214 [19], clause 6.1.1.2). When the field is not included during a reconfiguration of SRS-ResourceSet of resourceType set to aperiodic, UE maintains this value based on the Need M; that is, this list is not considered as an extension of aperiodicSRS-ResourceTrigger for purpose of applying the general rule for extended list in clause 6.1.3.

	aperiodicSRS-ResourceTrigger
The DCI "code point" upon which the UE shall transmit SRS according to this SRS resource set configuration (see TS 38.214 [19], clause 6.1.1.2).

	associatedCSI-RS
ID of CSI-RS resource associated with this SRS resource set in non-codebook based operation (see TS 38.214 [19], clause 6.1.1.2).

	csi-RS
ID of CSI-RS resource associated with this SRS resource set. (see TS 38.214 [19], clause 6.1.1.2).

	csi-RS-IndexServingcell

Indicates CSI-RS index belonging to a serving cell

	dl-PRS-ResourceId

The ID of the DL PRS resource, see TS 37.355 [49]

	dl-PRS-ResourceSetId

The ID of the DL PRS resource set, see TS 37.355 [49]

	halfFrameIndex
Indicates whether SSB is in the first half or the second half of the frame. Value zero indicates the first half and value 1 indicates the second half.

	p0
P0 value for SRS power control. The value is in dBm. Only even values (step size 2) are allowed (see TS 38.213 [13], clause 7.3).

	pathlossReferenceRS
A reference signal (e.g. a CSI-RS config or a SS block) to be used for SRS path loss estimation (see TS 38.213 [13], clause 7.3).

	pathlossReferenceRS-Pos
A reference signal (e.g. a CSI-RS config or a SS block or a DL PRS config) to be used for SRS path loss estimation (see TS 38.213 [13], clause 7.3).

	resourceSelection
Indicates whether the configured SRS spatial relation resource is a SRS-Resource or SRS-PosResource.

	resourceType

Time domain behavior of SRS resource configuration, see TS 38.214 [19], clause 6.2.1. The network configures SRS resources in the same resource set with the same time domain behavior on periodic, aperiodic and semi-persistent SRS.

	sfn-SSB-Offset
Indicates the 4 LSBs of the SFN of the cell in which SSB is transmitted

	slotOffset
An offset in number of slots between the triggering DCI and the actual transmission of this SRS-ResourceSet. If the field is absent the UE applies no offset (value 0).

	srs-PowerControlAdjustmentStates
Indicates whether hsrs,c(i) = fc(i,1) or hsrs,c(i) = fc(i,2) (if twoPUSCH-PC-AdjustmentStates are configured) or separate close loop is configured for SRS. This parameter is applicable only for Uls on which UE also transmits PUSCH. If absent or release, the UE applies the value sameAs-Fci1 (see TS 38.213 [13], clause 7.3).

	srs-ResourceIdList
The IDs of the SRS-Resources used in this SRS-ResourceSet. If this SRS-ResourceSet is configured with usage set to codebook, the srs-ResourceIdList contains at most 2 entries. If this SRS-ResourceSet is configured with usage set to nonCodebook, the srs-ResourceIdList contains at most 4 entries.

	srs-ResourceSetId
The ID of this resource set. It is unique in the context of the BWP in which the parent SRS-Config is defined.

	ssb-IndexNcell

Indicates SSB index belonging to a non-serving cell

	ssb-IndexSevingcell

Indicates SSB index belonging to a serving cell

	trp-Id
indicates the TRP ID, see TS 37.355 [49]

	usage
Indicates if the SRS resource set is used for beam management, codebook based or non-codebook based transmission or antenna switching. See TS 38.214 [19], clause 6.2.1. Reconfiguration between codebook based and non-codebook based transmission is not supported.

	


	Conditional Presence
	Explanation

	Setup
	This field is mandatory present upon configuration of SRS-ResourceSet or SRS-Resource and optionally present, Need M, otherwise.

	NonCodebook
	This field is optionally present, Need M, in case of non-codebook based transmission, otherwise the field is absent.

	Pathloss
	The field is mandatory present if pathlossReferenceRS-Pos is included; otherwise it is optionally present, Need R
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