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1.  Introduction
This discussion paper discusses the remaining issue in Rel-18 SL positioning, BW aggregation in RRC_CONNECTED and RRC_INACTIVE, respectively, and corresponding TPs are provided based on TS38.331-i10 [1].
2.  Discussion
SL positioning
Contents of UAI for SL positioning
In RAN2#124 [2], the following agreement is achieved:
	Transmission of SidelinkUEInformationNR for SL-PRS is needed for the UE to let gNB know the UE’s interest in SL-PRS transmission or the UE’s no longer interested.
The UE uses UAI to request CG configuration when periodic SL-PRS transmissions are needed.


The legacy RRC procedure for SL data resource allocation is:
1. gNB broadcasts SIB12 to indicate SL allowed frequencies
2. UE sends SUI to indicate the interested SL frequencies
3. gNB schedules UE to send UAI for CG request
4. UE sends UAI for CG request
5. gNB sends dedicated RRC signaling containing CG config
Basically the RRC procedure of SL PRS resource allocation has the same procedure with that of SL data resource allocation. 
In the latest 38.331-i10, the UAI for periodic SL PRS request is specified as follows:
	SL-PRS-UE-AssistanceInformationNR-r18 ::= SEQUENCE (SIZE (1..maxNrofSL-PRS-TxConfig-r18)) OF SL-PRS-TxInfo-r18
 
SL-PRS-TxInfo-r18 ::=                 SEQUENCE {
    sl-PRS-Periodicity-r18                ENUMERATED {ms100, ms200, ms300, ms400, ms500, ms600, ms700, ms800, ms900, ms1000, spare6,
                                                        spare5, spare4, spare3, spare2, spare1},
    sl-PRS-Priority-r18                   INTEGER (1..8)                                                            OPTIONAL,
    sl-PRS-DelayBudget-r18                INTEGER (0..1023)                                                         OPTIONAL,
    sl-PRS-Bandwidth-r18                  ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz35, mhz40,
                                                      mhz45, mhz50, mhz60, mhz70, mhz80, mhz90, mhz100}             OPTIONAL,
    ...

}



There are two issues in these UAI for SL positioning:
· sl-PRS-Priority-r18 and sl-PRS-DelayBudget-r18 are already contained in SUI SL-PRS-QoS-Info-r18. So these two should be deleted from UAI.
· Current UAI only contains SL-PRS periodicity, but it does not say the time when the periodicity starts. In legacy the default behaviour is that, the periodicity starts at subframe#0 of SFN#0. however the time of the first periodic SL-PRS arrival is unpredictable. If the SL PRS periodicity starts at subframe#0 of SFN#0, when UE has an unpredictable first periodic SL-PRS transmission arrival right after a transmission occasion, UE has to wait until until next SL-PRS transmission occasion to transmit the SL-PRS. But if the time offset is provided, UE can start transmitting SL-PRS immediately. Therefore, UAI for periodic SL-PRS request should contain timingOffset IE, similar like the IE contained in SL data request, this IE is to indicate the SL-PRS periodicity start position. To be specific, this value indicates the time offset between an estimated start of UE’s first SL-PRS transmission time and subframe#0 of SFN#0. 
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Figure 1. Example of UE reporting time offset, and UE not reporting time offset
SL-TrafficPatternInfo-r16::=          SEQUENCE {
    trafficPeriodicity-r16                ENUMERATED {ms20, ms50, ms100, ms200, ms300, ms400, ms500, ms600, ms700, ms800, ms900, ms1000},
    timingOffset-r16                      INTEGER (0..10239),
    messageSize-r16                       BIT STRING (SIZE (8)),
    sl-QoS-FlowIdentity-r16               SL-QoS-FlowIdentity-r16
}
	timingOffset
This field indicates the estimated timing for a packet arrival in a sidelink logical channel. Specifically, the value indicates the timing offset with respect to subframe#0 of SFN#0 in milliseconds.


According to the above modification suggestions, we provide the TP for UAI as below:
	SL-PRS-UE-AssistanceInformationNR-r18 ::= SEQUENCE (SIZE (1..maxNrofSL-PRS-TxConfig-r18)) OF SL-PRS-TxInfo-r18

SL-PRS-TxInfo-r18 ::=                 SEQUENCE {
    sl-PRS-Periodicity-r18                ENUMERATED {ms100, ms200, ms300, ms400, ms500, ms600, ms700, ms800, ms900, ms1000, spare6,
                                                        spare5, spare4, spare3, spare2, spare1},
    sl-PRS-Priority-r18                   INTEGER (1..8)                                 OPTIONAL,
sl-PRS-DelayBudget-r18                INTEGER (0..1023)                              OPTIONAL
timingOffset-r16                      INTEGER (0..10239),
}




Proposal 1: RAN2 to agree the following changes for UAI and adopt the corresponding TP provided above:
· Delete sl-PRS-Priority-r18 and sl-PRS-DelayBudget from UAI
· Add timingOffset IE in UAI for periodic SL-PRS request, similar like the IE contained in SL data request, this value indicates the time offset between an estimated start of UE’s first SL-PRS transmission time and subframe#0 of SFN#0. 
SRS BW aggregation
 SRS BW aggregation in RRC CONNECTED
RAN1’s LS R1-2401708[3] says that SRS BW aggregation should consider the maximum number of linkage as 32 :
	Agreement
RAN1 understands that the current RRC ASN.1 only supports single “aggregated combination”, in which only one SRS resource set from each of the 2 or 3 carriers are aggregated, e.g. CC#1 SRS resource set 1 + CC#2 SRS resource set 2 + CC#3 SRS resource set 3. RAN1 suggests to extend the number of such “aggregated combinations” to up to 32. Send an LS to RAN2 and RAN3.


Current 38.331-i10 has implemented the feature, but is incorrect:
	RRCReconfiguration-v1800-IEs ::=        SEQUENCE {
    srs-PosResourceSetLinkedForAggBWList-r18 SetupRelease { SRS-PosResourceSetLinkedForAggBWList-r18 }     OPTIONAL, -- Need M
    nonCriticalExtension                    SEQUENCE {}                                                    OPTIONAL
}
SRS-PosResourceSetLinkedForAggBWList-r18 ::= SEQUENCE (SIZE(1..maxNrOfLinkedSRS-PosResourceSet-r18)) OF SRS-PosResourceSetLinkedForAggBW-r18

maxNrOfLinkedSRS-PosResourceSet-r18     INTEGER ::= 2       -- Maximum number of linked SRSPosResourceSets that can be aggregated across CCs



Since maximum 16 SRS resource sets per carrier are supported based on the TS 38.331 as below, it is straightforward to support 16 (up to 16 SRS SRS resource set per CC)×2(up to 2 CC group combinations per UE) = 32 linage combinations, where in each linage combination, there can be 2 or 3 linked resource sets. See figure 2 for an example.
	maxNrofSRS-PosResourceSets-r16          INTEGER ::= 16      -- Maximum number of SRS Positioning resource sets in a BWP.


[image: SRS BW]
Figure 2. example of 16*2=32 linage combinations in RRC_CONNECTED
Therefore, the corresponding signaling should be designed as a two-level structure, the first level is up to 32 linage combinations, the second level is 2 or 3 SRS resource sets per linage combination. The example TP is shown as in Annex.
Proposal 2: For SRS aggregation in RRC_CONNECTED, define up to 32 linage combinations per UE, wherein in each linage combination, define up to 3 linked SRS resource sets. Adopt the corresponding TP in Annex.
 SRS BW aggregation in RRC INACTIVE 
Current 38.331-i10 gives the following ASN.1 to introduce SRS BW aggregation in RRC_INACTIVE:
	
SuspendConfig ::=                   SEQUENCE {
    srs-PosRRC-Inactive-v1800           SetupRelease { SRS-PosRRC-Inactive-v1800 }                          OPTIONAL,   -- Need M
}
SRS-PosRRC-Inactive-v1800 ::=                SEQUENCE {
    srs-PosRRC-AggBW-InactiveConfigList-r18      SetupRelease { SRS-PosRRC-AggBW-InactiveConfigList-r18 }         OPTIONAL,  -- Need M
    ...
}
SRS-PosRRC-AggBW-InactiveConfigList-r18  ::=  SEQUENCE (SIZE (1..2)) OF  SRS-PosResourceSetLinkedForAggBW-r18




But the current interpretation implies a RRC INACTIVE UE can only be provided with one linage combination, in the linage combination, up to 3 SRS resource sets are linked. We think somehow the RRC_INACTVIE UE should also be provided linage combinations larger than 1, similar principle as that in RRC_CONNECTED.
RAN1’s agreement for RRC_INACTIVE is as follows:
	Agreement
To support intra-band contiguous SRS bandwidth aggregation for UE in RRC_INACTIVE state, frequency information (e.g. point A, offset to carrier) of one or two additional carriers with respective SRS configurations should be provided to the UE, where the newly introduced carrier(s) and the carrier of the initial BWP should be intra-band contiguous carriers.


This means RRC_INACTIVE is different from RRC_CONNECTED that, there can be only one CC group, the CC group contains up to 3 linked carriers. In the CC group, since each carrier can only be configured with up to 16 SRS resource sets, so each CC group can only be configured with up to 16 SRS resource set combinations. So the total linage combination per UE in RRC_INACTIVE equals to 1 (one CC group)×16 (up to 16 SRS SRS resource set per carrier) =16 linage combinations. As seen in the figure 3, each red circle represents a linage combination.
[image: BW in INACTIVE]
Figure 3. example of 16*1=16 linage combinations in RRC INACTIVE
Based on above analysis, we provide the TP in Annex to modify the ASN.1 part of SRS BW aggregation in RRC_INACTIVE.
Proposal 3: For SRS BW aggregation in RRC INACTIVE, support up to 16 linkage combination per UE, RAN2 to adopt the TP from Annex for SRS BW aggregation in RRC_INACTIVE.
Also as RAN1’s agreement above, the Rel-18 added SRS carriers should be linked with Rel-17 SRS carriers, they should be intra-band contiguous carriers. So if SRS-PosRRC-AggBW-InactiveConfigList-r18 is present, the SRS-PosRRC-InactiveConfig-r17 should also be present. 
So in each linkage combination, the gNB should contain at least one Rel-17 SRS carrier and corresponding SRS resource set ID, and contain 1 or 2 additional Rel-18 carrier and corresponding SRS resource set ID.
Proposal 4: Capture in field description that if SRS-PosRRC-AggBW-InactiveConfigList-r18 is present, the SRS-PosRRC-InactiveConfig-r17 should also be present.
3.  Conclusion
In this contribution, we propose the following observation and proposals:
SL positioning
Proposal 1: RAN2 to agree the following changes for UAI and adopt the corresponding TP provided above:
· Delete sl-PRS-Priority-r18 and sl-PRS-DelayBudget from UAI
· Add timingOffset IE in UAI for periodic SL-PRS request, similar like the IE contained in SL data request, this value indicates the time offset between an estimated start of UE’s first SL-PRS transmission time and subframe#0 of SFN#0. 
BW aggregation
Proposal 2: For SRS aggregation in RRC_CONNECTED, define up to 32 linage combinations per UE, wherein in each linage combination, define up to 3 linked SRS resource sets. Adopt the corresponding TP in Annex.
Proposal 3: For SRS BW aggregation in RRC INACTIVE, support up to 16 linkage combination per UE, RAN2 to adopt the TP from Annex for SRS BW aggregation in RRC_INACTIVE.
Proposal 4: Capture in field description that if SRS-PosRRC-AggBW-InactiveConfigList-r18 is present, the SRS-PosRRC-InactiveConfig-r17 should also be present.
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5.  Annex: SRS BW aggregation in RRC CONNECTED and RRC INACTIVE
–	RRCReconfiguration
The RRCReconfiguration message is the command to modify an RRC connection. It may convey information for measurement configuration, mobility control, radio resource configuration (including RBs, MAC main configuration and physical channel configuration) and AS security configuration.
Signalling radio bearer: SRB1 or SRB3
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
RRCReconfiguration message
-- ASN1START
-- TAG-RRCRECONFIGURATION-START
 
<omitted>
 
RRCReconfiguration-v1800-IEs ::=        SEQUENCE {
    needForInterruptionConfigNR-r18         ENUMERATED { disabled, enabled }                               OPTIONAL, -- Need M
    aerial-Config-r18                          SetupRelease { Aerial-Config-r18 }                          OPTIONAL, -- Need M
    sl-IndirectPathAddChange-r18            SetupRelease { SL-IndirectPathAddChange-r18 }                  OPTIONAL, -- Need M
    n3c-IndirectPathAddChange-r18           SetupRelease { N3C-IndirectPathAddChange-r18 }                 OPTIONAL, -- Need M
    n3c-IndirectPathConfigRelay-r18         SetupRelease { N3C-IndirectPathConfigRelay-r18 }               OPTIONAL, -- Need M
    otherConfig-v1800                       OtherConfig-v1800                                              OPTIONAL, -- Need M
    srs-PosResourceSetLinkedForAggBWCombinationList-r18 SetupRelease { SRS-PosResourceSetLinkedForAggBWCombinationList-r18 }     OPTIONAL, -- Need M
    ltm-Config-r18                          SetupRelease {LTM-Config-r18}                                  OPTIONAL, -- Need M
    nonCriticalExtension                    SEQUENCE {}                                                    OPTIONAL
}
 <omitted>
 SRS-PosResourceSetLinkedCombinationList-r18	::= SEQUENCE (SIZE(1..maxNrOfLinkedCombinationConnected-r18)) OF SRS-PosResourceSetLinkedForAggBWList-r18

SRS-PosResourceSetLinkedForAggBWList-r18 ::= SEQUENCE (SIZE(12..maxNrOfLinkedSRS-PosResourceSet-r18)) OF SRS-PosResourceSetLinkedForAggBW-r18
 
-- TAG-RRCRECONFIGURATION-STOP
-- ASN1STOP
	SRS-PosResourceSetLinkedCombinationList
This field indicates the configured linked combinations of SRS resource sets for bandwidth aggregation.

	SRS-PosResourceSetLinkedForAggBWList
This field indicates the list of linked SRS resource sets and corresponding linked carriers in each linked combinations.



–	RRCRelease
The RRCRelease message is used to command the release of an RRC connection or the suspension of the RRC connection.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
RRCRelease message

<omitted>
SuspendConfig ::=                   SEQUENCE {
  <omitted>

    srs-PosRRC-Inactive-v1800           SetupRelease { SRS-PosRRC-Inactive-v1800 }                          OPTIONAL,   -- Need M
  <omitted>

}
<omitted>

 
SRS-PosRRC-Inactive-v1800 ::=                SEQUENCE {
    srs-PosRRC-AggBW-InactiveConfigLinkedList-r18      SetupRelease { SRS-PosRRC-AggBW-InactiveConfigLinkedList-r18 }         OPTIONAL,  -- Need M
    srs-PosTx-Hopping-r18                        SetupRelease { SRS-PosTx-Hopping-r18 }                           OPTIONAL,  -- Need M
    ...
}
 <omitted>

 SRS-PosRRC-AggBW-InactiveConfigLinkedList-r18	::= SEQUENCE (SIZE(1..maxNrOfLinkedCombinationInactive-r18)) OF SRS-PosRRC-AggBW-InactiveConfigList-r18
SRS-PosRRC-AggBW-InactiveConfigList-r18  ::=  SEQUENCE (SIZE (21..maxNrOfLinkedSRS-PosResourceSet-r182)) OF  SRS-PosResourceSetLinkedForAggBW-r18
 
 <omitted>

-- TAG-RRCRELEASE-STOP
-- ASN1STOP
	RRCRelease-IEs field descriptions

	cellReselectionPriorities
Dedicated priorities to be used for cell reselection as specified in TS 38.304 [20]. The maximum number of NR carrier frequencies that the network can configure through FreqPriorityListNR and FreqPriorityListDedicatedSlicing together is eight. If the same frequency is configured in both FreqPriorityListNR and FreqPriorityListDedicatedSlicing, the frequency is only counted once.

	cnType
Indicate that the UE is redirected to EPC or 5GC.

	deprioritisationReq
Indicates whether the current frequency or RAT is to be de-prioritised.

	deprioritisationTimer
Indicates the period for which either the current carrier frequency or NR is deprioritised. Value minN corresponds to N minutes.

	measIdleConfig
Indicates measurement configuration to be stored and used by the UE while in RRC_IDLE or RRC_INACTIVE.

	mpsPriorityIndication
Indicates the UE can set the establishment cause to mps-PriorityAccess for a new connection following a redirect to NR or set the resume cause to mps-PriorityAccess for a resume following a redirect to NR. If the target RAT is E-UTRA, see TS 36.331 [10]. The gNB sets the indication only for UEs authorized to receive MPS treatment as indicated by ARP and/or QoS characteristics at the gNB, and it is applicable only for this instance of release with redirection to carrier/RAT included in the redirectedCarrierInfo field in the RRCRelease message.

	multicastConfigInactive
Indicates the multicast service(s) that can be received in RRC_INACTIVE in the serving cell where the multicast service(s) was received in RRC_CONNECTED and optionally the corresponding configuration. The presence of this field indicates the UE is configured to receive MBS multicast in RRC_INACTIVE; otherwise, the UE is not configured to receive MBS multicast in RRC_INACTIVE.

	noLastCellUpdate
Presence of the field indicates that the last used cell for PEI shall not be updated. When the field is absent, the PEI-capable UE shall update its last used cell with the current cell. The UE shall not update its last used cell with the current cell if the AS security is not activated.

	redirectedCarrierInfo
Indicates a carrier frequency (downlink for FDD) and is used to redirect the UE to an NR or an inter-RAT carrier frequency, by means of cell selection at transition to RRC_IDLE or RRC_INACTIVE as specified in TS 38.304 [20]. Based on UE capability, the network may include redirectedCarrierInfo in RRCRelease message with suspendConfig if this message is sent in response to an RRCResumeRequest or an RRCResumeRequest1 which is triggered by the NAS layer (see 5.3.1.4 in TS 24.501 [23]).

	srs-PosRRC-Inactive
SRS for positioning configuration during RRC_INACTIVE state. The configuration also includes bandwidth aggregation and frequency hopping.

	srs-PosRRC-InactiveValidityAreaNonPreConfig
Contains the SRS for positioning configuration to be applied immediately and which is valid across a number of cells comprising a validity area during RRC_INACTIVE state.

	srs-PosRRC-InactiveValidityAreaPreConfigList
Contains the SRS for positioning configurations to be applied when a trigger for an event is met and which is valid across a number of cells comprising a validity area during RRC_INACTIVE state. For each validity area, the UE is preconfigured with only one SRS for positioning configuration.
The below fields for the respective IEs are configured commonly in the validity area when srs-PosRRC-InactiveValidityAreaPreConfigList/ srs-PosRRC-InactiveValidityAreaNonPreConfig is configured:
IE SRS-PosReseourceSet: srs-PosResourceSetId,	srs-PosResourceSetIdList, srs-PosResourceIdList, resourceType, alpha, p0
IE SRS-PosResource: srs-PosResourceId, transmissionComb, resourceMapping, freqDomainShift, freqHopping, resourceType, groupOrSequenceHopping, sequenceID

	srs-PosTx-Hopping
Contains configuration related to the SRS for Positioning with frequency hopping for RRC_INACTIVE state.

	suspendConfig
Indicates configuration for the RRC_INACTIVE state. The network does not configure suspendConfig when the network redirect the UE to an inter-RAT carrier frequency or if the UE is configured with a DAPS bearer.

	voiceFallbackIndication
Indicates the RRC release is triggered by EPS fallback for IMS voice as specified in TS 23.502 [43].

	SRS-PosRRC-InactiveConfig field descriptions

	bwp-NUL
BWP configuration for SRS for Positioning during the RRC_INACTIVE state in Normal Uplink Carrier. If the field is absent UE is configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.

	bwp-SUL
BWP configuration for SRS for Positioning during the RRC_INACTIVE state in Supplementary Uplink Carrier. If the field is absent UE is configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.

	inactivePosSRS-RSRP-ChangeThreshold
RSRP threshold for the increase/decrease of RSRP for time alignment validation as specified in TS 38.321 [3].

	inactivePosSRS-TimeAlignmentTimer
TAT value for SRS for positioning transmission during RRC_INACTIVE state as specified in TS 38.321 [3]. The network always configures this field when srs-PosRRC-Inactive-r17 is configured.

	srs-PosConfigNUL
SRS for Positioning configuration in RRC_INACTIVE state in Normal Uplink Carrier.

	srs-PosConfigSUL
SRS for Positioning configuration in RRC_INACTIVE state in Supplementary Uplink Carrier.

	srs-PosResSetLinkedForAggBWInactiveList
This field indicates the SRS resource sets across carriers which are linked for SRS bandwidth aggregation in RRC_INACTIVE state as defined in clause 6.2.1.4 of TS 38.214 [19].

	srs-PosRRC-AggBW-InactiveConfigList
SRS for positioning configuration with additional one or two carrier(s) configuration where the primary carrier is provided by srs-PosRRC-Inactive-r17 for bandwidth aggregation and to be used in RRC_INACTIVE state.

	SRS-PosRRC-InactiveConfig field descriptions

	SRS-PosRRC-AggBW-InactiveConfigLinkedList
This field indicates the linked combination(s) of SRS resource sets for bandwidth aggregation in RRC_INACTIVE.

	SRS-PosRRC-AggBW-InactiveConfigList
This field indicates the list of additional linked SRS resource sets and the corresponding additional carriers in each linked combination. The additional carrier(s) indicated in this IE and the carrier of initial UL BWP should be intra-band contiguous carriers. If this field is present, the SRS-PosRRC-InactiveConfig shall be present. 


–	SRS-PosResourceSetLinkedForAggBW
The IE SRS-PosResourceSetLinkedForAggBW provides the SRS Positioning Resource Sets that are linked for bandwidth aggregation.
SRS-PosResourceSetLinkedForAggBW information element
-- ASN1START
-- TAG- SRS-POSRESOURCESETLINKEDFORAGGBW-START
 
SRS-PosResourceSetLinkedForAggBW-r18	::= SEQUENCE {
    srs-PosResourceSetLinked-r18             SRS-PosResourceSetId-r16,
    freqInfo-r18                             ARFCN-ValueNR                                             OPTIONAL,  -- Need R
    ul-bwp-ID-r18                            BWP-Id                                                    OPTIONAL,  -- Cond ConnectedMode
    scs-SpecificCarrier-r18                  SCS-SpecificCarrier                                       OPTIONAL,  -- Need R
    ...
}
 
-- TAG- SRS-POSRESOURCESETLINKEDFORAGGBW-STOP
-- ASN1STOP
	SRS-PosResourceSetLinkedForAggBW field descriptions

	freqInfo
Indicates the SRS Positioning Resource set carrier frequency that is linked for bandwidth aggregation.

	scs-SpecificCarrier
A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies)defined for a carrier. Defined in relation to Point A and to be used for SRS for positioning bandwidth aggregation.

	srs-PosResourceSetLinked
Indicates the SRS Positioning Resource set that is linked for bandwidth aggregation.

	ul-bwp-ID
Indicates the SRS Positioning Resource set uplink bandwidth ID that is linked for bandwidth aggregation.


 
	Conditional Presence
	Explanation

	ConnectedMode
	The field is mandatory present when bandwidth aggregation is performed in RRC_CONNECTED state and SRS for positioning is configured in the same carrier as data for bandwidth aggregation, otherwise it is absent Need R.



–	Multiplicity and type constraint definitions
maxNrOfLinkedCombinationConnected-r18 INTEGER ::= 32	       -- Maximum number of linked combinations of SRS resource sets across CCs in RRC CONNECTED state

maxNrOfLinkedCombinationInactive-r18 INTEGER ::= 16	       -- Maximum number of linked combinations of SRS resource sets across CCs in RRC INACTIVE state

maxNrOfLinkedSRS-PosResourceSet-r18     INTEGER ::= 23       -- Maximum number of linked SRSPosResourceSets that can be aggregated across CCsper linked combination
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