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1. Introduction
After RAN1#107 meeting, RAN2 has received some liaisons from RAN1 asking for signaling support of RAN1 agreements. Section 2 is to share some views on these LSs, respectively. In addition, the corresponding draft LS can be found in our contribution.
2. Discussion
2.1. Latency improvement for PRS measurement with MG
In the last several RAN1 meetings, the agreements about PRS measurement with MG are as follows, and in the LS[1], RAN1 needs RAN2 to discover the signaling design:
	Agreement of RAN1#107
Preconfiguration of MG(s) in RRC is supported from RAN1 perspective.
· Each MG in the preconfiguration is associated with an ID
· The information in the UL MAC CE for MG activation request by the UE can be one ID associated with the preconfiguration of the MG
Send an LS to RAN2 and RAN3
Agreement of RAN1#107
Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE


According to the agreement above, only option 2 involves the RAN2 spec impact. The basic procedure option 2 is, firstly, serving gNB pre-configures multiple sets of measurement gap configuration, each of them is associated with an ID; secondly, when UE receives these MGs, UE can choose one to activate via UL MAC-CE. For the first step, one reference design is to add a new IE parallel to MeasGapConfig in 38.331. In this IE, there should be a list containing multiple elements of MeasGapConfig, each element is associated with an ID. The maximum number of the IDs can either be UE capability or default signaling. Furthermore, this new IE should also be quoted by MeasConfig, which is the parent node of MeasGapConfig. For the second step, at least an ID should be embedded in a new MAC-CE. 
Proposal 1: Support to add a new IE parallel to MeasGapConfig in 38.331 for pre-configuration of MG.
Here gives an example design of the new IE: 
[bookmark: _Toc60777253][bookmark: _Toc83740208]–	PreMeasGapConfig
The IE PreMeasGapConfig specifies the several pre-configured measurement gap configurations.
PreMeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START
PreMeasGapConfig-r17 ::=                   SEQUENCE {
PreMeasGapConfigList-r17 ::=    SEQUENCE (SIZE (1..maxNrofPreMeasGapConfig-r17)) OF MeasGapConfig
}
-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP
–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    preconfigMG_ID-r17   PreconfigMG_ID-r17
gapFR2              SetupRelease { GapConfig }                     OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1              SetupRelease { GapConfig }                       OPTIONAL,   -- Need M
    gapUE              SetupRelease { GapConfig }                        OPTIONAL    -- Need M
    ]]
}
PreconfigMG_ID-r17   ::= INTEGER(0..maxNrofPreMeasGapConfig-r17)
-------------------------unchanged part is omitted-------------------------------------------
-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP
	MeasGapConfig field descriptions

	PreconfigMG_ID
This IE specifies the ID of pre-configured measurement gap configurations for UE to make MG activation request. 


2.2. PRS processing window
RAN1 has sent an LS[2] asking RAN2 to take below agreements into account and decide whether DL MAC CE is feasible for indicating the activation of the PRS processing window:
	Agreement of RAN1#107
PRS processing window request to the gNB by the LMF is supported from RAN1 perspective.
· It is up to RAN3 to design the necessary information to be transferred in the NRPPa message.
· Note: It is up to gNB to determine the usage of measurement gap or PRS processing window
· Include it in the LS to RAN2 and RAN3.

Agreement of RAN1#107
For PRS processing window configuration and indication, at least the following mechanism is supported
· RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.
Include it in the LS to RAN2 and request RAN2 to decide whether DL MAC CE is feasible for this indication.


For the issue that RAN1 asks, when there are multiple PRS processing windows configured via RRC signaling, DL MAC CE activation is necessary to choose one for UE. When there is only one PRS processing window configured, MAC CE provides semi-persistent control of activating the PRS processing window. That is to say, DL MAC CE activation is benefit for reducing ‘always-on’ function. Therefore, we think RRC configuration+MAC CE activation is feasible and it is a normal design for PRS processing window.
From RAN2’s perspective, the pre-configuration for PRS processing window configuration is rather similar with pre-configured MG configuration analysed above. Basic signaling design will be that, serving gNB configures multiple PRS processing windows, each of them associates with an ID. Then, a new DL MAC-CE is introduced to choose one ID to activate corresponding PRS processing window for UE. 
Proposal 2: From RAN2 point of view, RRC configuration+MAC CE activation is feasible for PRS processing window configuration.
Proposal 3: From RAN2 point of view, the pre-configuration for PRS processing window configuration is rather similar with pre-configured MG configuration: serving gNB configures multiple PRS processing windows, each of them associates with an ID. Then, a new DL MAC-CE is introduced to choose one ID to activate corresponding PRS processing window for UE. 
2.3. TRP beam/antenna information
Another LS[3] from RAN1 is about TRP beam/antenna information, and RAN2 is asked to design signallilng between LMF and UE:
	Agreement of RAN1#107
From the RAN1 perspective, for the TRP beam/antenna information to be optionally provided by the LMF to the UE for UE-based DL-AoD:
· The LMF provides the quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· Note: the peak power per angle is not provided
· Note: up to RAN3 to decide how the TRP beam information is provided to the LMF for both UE-assisted and UE-based
· Send an LS to RAN2/RAN3 to decide on the signaling details


Firstly, this signaling is provided by LMF as assistance data for UE-based DL-AoD, so it is better embedded in NR-PositionCalculationAssistance IE:
- NR-PositionCalculationAssistance
The IE NR-PositionCalculationAssistance is used by the location server to provide assistance data to enable UE‑based downlink positioning.
-- ASN1START
NR-PositionCalculationAssistance-r16 ::= SEQUENCE {
	nr-TRP-LocationInfo-r16   NR-TRP-LocationInfo-r16				OPTIONAL,	-- Need ON
	nr-DL-PRS-BeamInfo-r16   NR-DL-PRS-BeamInfo-r16				OPTIONAL,	-- Need ON
	nr-RTD-Info-r16		   NR-RTD-Info-r16						OPTIONAL,	-- Need ON
	nr-trpBeamAntennaInformation-r17   NR-trpBeamAntennaInformation-r17                  OPTIONAL,	-- Need ON
...
}
-- ASN1STOP
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Furthermore, within one TRP, for each angle, there is a PRS resource with the highest power. For the other PRS resources at this angle, the relative power of other PRS resources and the PRS resource with the highest power is provided. The PRS resource with the highest power may be different for different angles. Therefore, the PRS resource index with the highest power should be included. Furthermore, the signaling structure is for a specific TRP can be a two-dimensional chart, where each DL PRS and each angle is associated with a power value that is calculated relatively to a PRS resource with the highest power in the angle. For more clear indication, it is better to indicate relative power per PRS resource set, i.e. the PRSs in a PRS resource set is used to calculate relative power. Therefore, the relative power can be provided per frequency layer per TRP per angle per PRS resource set. 
In addition, it is unnecessary to provide the TRP beam/antenna information for angles outside the expected uncertainty window where the window is indicated by the expected angle value and uncertainty. That’s because UE usually only detects PRS within the angle range of the expected uncertainty window if the window is provided.
Proposal 4: The signaling structure is for a specific TRP can be a two-dimensional chart, where each DL PRS and each angle is associated with a power value that is calculated relatively to a PRS resource with the highest power in the angle. 
Proposal 5: The relative power can be provided per frequency layer per TRP per angle per PRS resource set
Here an example of TRP beam/antenna information from LMF to UE is provided:
- NR-trpBeamAntennaInformation-r17
The IE NR-trpBeamAntennaInformation-r17 is used by the location server to provide TRP antenna and information to enable UE‑based downlink positioning.
-- ASN1START
NR-trpBeamAntennaInformation-r17 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
									NR-trpBeamAntennaInformationPerFreqLayer-r17
NR-trpBeamAntennaInformationPerFreqLayer-r17 ::= SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
												NR-trpBeamAntennaInformationPerTRP-r17
NR-trpBeamAntennaInformationPerTRP-r17 ::= SEQUENCE {
	dl-PRS-ID-r17				INTEGER (0..255),
	nr-PhysCellID-r17			NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r17			NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r17			ARFCN-ValueNR-r15		OPTIONAL,	-- Cond NotSameAsRefServ
	nr-trpAngleList-r17        SEQUENCE (SIZE (1..nrofExpectedAngles-r17)) OF
[bookmark: _GoBack]										trpAngleElement-r17
}
trpAngleElement-r17 ::= SEQUENCE (SIZE(1..nrMaxSetsPerTrp-r16)) OF
										trpBeamAntennaInformationElement-r17
trpBeamAntennaInformationElement-r17 ::= SEQUENCE {
	 Ref-PRS-Resource-r17              NR-DL-PRS-ResourceID
nr-RelativePower-MeasList-r17	::= SEQUENCE (SIZE(1..nrMaxResourcesPerSet-r16)) OF NR-RelativePower-MeasElement-r17
NR-RelativePower-MeasElement-r17 ::= INTEGER (A...B)
	...
}
-- ASN1STOP
	NR-TRP-AntennaInfo-r17 field descriptions

	nr-trpAngleList
This field specifies the angles per TRP that is needed to associate with relative power. nrofExpectedAngles denotes the maximum number of the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) signaled by the LMF to the UE[6].

	Ref-PRS-Resource
This field specifies the reference PRS resource in a PRS resource set with has the largest power per TRP per angle.

	NR-RelativePower-MeasElement
This field specifies for each TRP each angle, in a PRS resource set, the quantized relative power between each PRS resource and the reference PRS resource. 



2.4. SRS for positioning in RRC_INACTIVE state
RAN2 has received an LS[4] containing RAN1’s agreement on SRS in RRC_INACTIVE:
	Agreement in RAN1#107
· The following options are supported for SRS for positioning transmission by RRC_INACTIVE UEs:
· Option 1:
· Subject to UE capability (which is a prerequisite for option 2), a UE may be 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.
· Option 2:
· Subject to UE capability, a UE may be configured with an SRS for Positioning where the following parameters are additionally configured for the transmission of the SRS for Positioning during the RRC_INACTIVE state: frequency location and bandwidth, SCS, CP length. 
· The UE shall not transmit the SRS for Positioning when it is expected to perform UL transmissions in the initial UL BWP in RRC_INACTIVE state.
· RAN1 assumes that
· SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE
· Send LS to RAN2 to define signaling for SRS for positioning configuration for RRC_INACTIVE UEs


According to the agreement, option 1 means UE can only transmit SRS in initial UL BWP, while option 2 has no restriction on BWP, i.e., SRS is freely configured with dynamic frequency location and bandwidth, SCS, CP length. Apparently, UE should receive explicit indication on which option to take. For example, serving gNB can send SRS configuration with ‘whether the SRS is applied for initial UL BWP’ tag in RRC_INACTIVE. If the value is true, option 1 will be adopted; if the value is false, BWP configuration should be additionally provided, i.e. requency location and bandwidth, SCS, CP length. 
Proposal 6: Support serving gNB to send SRS configuration with ‘whether the SRS is applied for initial UL BWP’ tag in RRC_INACTIVE.
2.5. Reporting of the Tx TEG association information
	Agreement in RAN1#107
Confirm and modify the working assumption with the following modifications:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· Note: For mitigating UE Tx timing errors when both UL-TDOA and Multi-RTT, or UL-TDOA and DL-TDOA are used, the UE should provide the association information of UL SRS resources for positioning with Tx TEGs, subject to UE capability (in the bullets above):  
· to the serving gNB if a request to provide the association information is received from the gNB 
· to the LMF if a request to provide the association information is received from the LMF. 

Agreement in RAN1#107
· For UL-TDOA, supporting the following for the serving gNB to request a UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources for positioning, subject to UE capability of supporting UE Tx TEG:
· Based on a configured periodicity, a UE may report the UE Tx TEG association for the SRS resources for positioning that have already been transmitted during the configured period 
· It is up to RAN2 to decide how to indicate the change of the Tx TEG association during the configured period (e.g., using the timestamps)
· It is up to RAN4 to decide when the Tx TEG association is changed
· The values of the configurable periodicities are up to RAN2
· Note: Tx TEG association information reporting by single request/response mode is assumed already supported with the previous agreement. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed


For multi-RTT, the reported Tx TEG and SRS association relationship is directly sent to LMF, so it can be embedded in NR-Multi-RTT-SignalMeasurementInformation in 37.355. for UL-TDOA, the association relationship is sent to serving gNB via RRC signalling, it can be embedded in MeasResults.
Furthermore in the second agreement, one periodic or semi-persistent SRS resource is sent periodically, and it can associate with multiple timestamps to reflect the TEG-SRS association in different SRS time instances. Due to the hardware change or UE mobility, different timestamps may correspond to different UE Tx TEG. In RAN2’s understanding, to indicate the change of the Tx TEG association during the configured period, each SRS resource can be associated with a list of {Tx TEG ID, time stamp}, that is to say, the SRS resource is associated with a Tx TEG ID starting from the time of the paired timestamp.
A specific example of a periodic SRS resource is shown in below:
Table 1. Example SRS and Tx TEG association relationship of one periodic SRS resource
	
	Timestamp 1
	Timestamp 2
	Timestamp 3
	Timestamp 4

	Tx TEG1
	1
	0
	0
	1

	Tx TEG2
	0
	1
	1
	0


Value ‘1’denotes the SRS at corresponding timestamp is associated with corresponding Tx TEG, value ‘0’ denotes no relationship. UE needs to report the information in the table of many SRS resources. One way is, expend the 2-dimention bitmap into 1-dimention bitmap using stretching by column or row. That is, the table 1 can be like ‘10010110’ using stretching by column or ‘10010110’ by row. Therefore, each SRS resource can be associated with the 1-dimention bitmap to reduce signaling payload. In summary, each SRS resource should be associated with reported timestamp list, reported timestamp number, reported Tx TEG list, reported Tx TEG number, and the 1-dimention bitmap of SRS and Tx TEG association relationship. However, it is unclear for RAN2 how many pairs of {Tx TEG ID, time stamp} in the list can be reported for a configured period. Therefore, the maximum number of timestamp and Tx TEG should be provided by RAN1 further.
Another problem is that, how does UE choose SRS resources or timestamps in one SRS resource to report? We prefer it is decide by UE as implementation, just like UE chooses PRS to measure and report in the current specification.
Proposal 7: When reporting SRS and Tx TEG association relationship for UL/UL+DL positioning, to indicate the change of the Tx TEG association during the configured period, each SRS resource can be associated with a list of {Tx TEG ID, time stamp}.
3. Conclusion
Proposal 1: Support to add a new IE parallel to MeasGapConfig in 38.331 for pre-configuration of MG.
Proposal 2: From RAN2 point of view, RRC configuration+MAC CE activation is feasible for PRS processing window configuration.
Proposal 3: From RAN2 point of view, the pre-configuration for PRS processing window configuration is rather similar with pre-configured MG configuration: serving gNB configures multiple PRS processing windows, each of them associates with an ID. Then, a new DL MAC-CE is introduced to choose one ID to activate corresponding PRS processing window for UE. 
Proposal 4: The signaling structure is for a specific TRP can be a two-dimensional chart, where each DL PRS and each angle is associated with a power value that is calculated relatively to a PRS resource with the highest power in the angle. 
Proposal 5: The relative power can be provided per frequency layer per TRP per angle per PRS resource set.
Proposal 6: Support serving gNB to send SRS configuration with ‘whether the SRS is applied for initial UL BWP’ tag in RRC_INACTIVE.
Proposal 7: When reporting SRS and Tx TEG association relationship for UL/UL+DL positioning, to indicate the change of the Tx TEG association during the configured period, each SRS resource can be associated with a list of {Tx TEG ID, time stamp}.
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