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1	Introduction
When the UE’s SRS transmission is needed for UL positioning, the LMF delivers the requested SRS configuration to the serving gNB via NRPPa signalling. Then, the gNB generates the RRC message to configure the required SRS resource based on the NRPPa message from the LMF.
[bookmark: _GoBack]Among the SRS-related configuration fields in RRC, spatialRelationInfoPos-r16 IE is one of the important fields that provide the spatial domain information of the target SRS resource. However, we found some misalignment between RRC and NRPPa in the spatial relation configuration for the POS-related SRS resources.
In this paper, we further discuss the possible problem from the misalignment issue and propose how to handle this.
[bookmark: _Ref178064866]2	Discussion
In RAN2 #109-e, there was the discussion on how to determine the spatial relation of SRS for UL positioning and RAN2 considered the below three options [3].
	· Option 1: Spatial relation is determined by the serving gNB without LMF involvement.[R2-2001237]
· Option 2: Spatial relation is determined by the LMF
· Option 3: Spatial relation is recommended by the LMF and determined by gNB [R2-2000967]


As a result of the offline discussion, the options 3 was selected according to the view of majority companies. The rationale for this decision was that the LMF should give the gNB some recommendation on spatial relation of SRS because the LMF already performs the task of TRP selection and can also collect information for spatial relations from those TRP. 
In RAN2 #109-bis-e, RAN2 sent LS to ask RAN3 to take the below RAN2 agreement into account in their NRPPa design [4].
Agreements:
Spatial relation of SRS is recommended by the LMF and decided by the gNB. It is up to gNB implementation whether to follow the LMF recommendation. The gNB informs the LMF of its decision.
UE does not report RSRP of DL-PRS in RRC procedures for SRS configuration.
 Keep the current SSB configuration for the DL-only positioning in the LPP message. 
Keep the current configuration of SSB in RRC for UL-only positioning. This means that the RRC configuration can carry the full SSB configuration or SSB index and PCI.
For the assistance information in NRPPa for SSB configuration for UL-only positioning, it should include both TF configuration and SSB index in the NRPPa message.
Considering this background, in this paper, we have checked whether the current NRPPa design can provide information necessary for the gNB to configure the proper spatial relation of SRS resources for UL positioning as follow.
If the LMF determines to use UL positioning methods that require transmission of SRS by the target UE, it sends POSITIONING INFORMATION REQUEST NRPPa message to the serving gNB including Requested SRS Transmission Characteristics IE. This IE contains the requested SRS configuration for the UE, and the definition in TS38.455 [1] shows that the Spatial Relation Information is configured per SRS resource set as below.
[bookmark: _Toc51776045][bookmark: _Toc56773067][bookmark: _Toc56773277]
9.2.27	Requested SRS Transmission Characteristics 
This IE contains the requested SRS configuration for the UE.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Number Of Periodic Transmissions
	C-ifResourceTypePeriodic
	
	INTEGER (0..500,…)
	The number of periodic SRS transmissions requested. The value of ‘0’ represents an infinite number of periodic SRS transmissions.

	Resource Type
	M
	
	ENUMERATED (periodic, semi-persistent, aperiodic, …)
	

	CHOICE Bandwidth
	M
	
	
	

	>FR1
	
	
	ENUMERATED (5mHz, 10mHz, 20mHz, 40mHz, 50mHz, 80mHz, 100mHz, ...)
	

	>FR2
	
	
	ENUMERATED (50mHz, 100mHz, 200mHz, 400mHz,…)
	

	SRS Resource Set List
	
	0.. 1
	
	

	>SRS Resource Set Item
	
	1..< maxnoSRS-ResourceSets>
	
	

	>>Number of SRS Resources Per Set
	O
	
	INTEGER (1..16,...)
	The number of SRS Resources per resource set for SRS transmission. 

	>>Periodicity List
	
	0.. 1
	
	

	>>>Periodicity List Item
	
	1..<maxnoSRS-ResourcePerSet>
	
	

	>>>>PeriodicitySRS
	M
	
	ENUMERATED (0.125, 0.25, 0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, …)
	Milli-seconds

	>>Spatial Relation Information
	O
	
	9.2.34
	

	>>Pathloss Reference Information
	O
	
	9.2.53
	

	SSB Information
	O
	
	9.2.54
	



After the serving gNB receives the NRPPa message including the Requested SRS Transmission Characteristics IE, it sets the required fields in the IE SRS-config in RRCReconfiguration message based on the NRPPa message from the LMF. However, as described in RRC spec. TS 38.331 [2], the spatialRelationInfoPos-r16 in the RRC message is configured per SRS resource differently from the Spatial Relation Information configured per SRS resource set in the NRPPa message. 
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
            ...
        },
        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-IndexServing-r16                        SSB-Index,
        ssb-Ncell-r16                               SSB-InfoNcell-r16,
        dl-PRS-r16                                  DL-PRS-Info-r16
    }                                                                                                      OPTIONAL, -- Need M
    ...
}

…

SRS-PosResource-r16::=                  SEQUENCE {
    srs-PosResourceId-r16                   SRS-PosResourceId-r16,
    transmissionComb-r16                    CHOICE {
        n2-r16                                  SEQUENCE {
            combOffset-n2-r16                       INTEGER (0..1),
            cyclicShift-n2-r16                      INTEGER (0..7)
        },
        n4-r16                                  SEQUENCE {
            combOffset-n4-16                        INTEGER (0..3),
            cyclicShift-n4-r16                      INTEGER (0..11)
        },
        n8-r16                                  SEQUENCE {
            combOffset-n8-r16                       INTEGER (0..7),
            cyclicShift-n8-r16                      INTEGER (0..5)
        },
    ...
    },
    resourceMapping-r16                       SEQUENCE {
        startPosition-r16                           INTEGER (0..13),
        nrofSymbols-r16                             ENUMERATED {n1, n2, n4, n8, n12}
    },
    freqDomainShift-r16                       INTEGER (0..268),
    freqHopping-r16                           SEQUENCE {
        c-SRS-r16                                 INTEGER (0..63),
        ...
    },
    groupOrSequenceHopping-r16                ENUMERATED { neither, groupHopping, sequenceHopping },
    resourceType-r16                          CHOICE {
        aperiodic-r16                             SEQUENCE {
            slotOffset-r16                            INTEGER (1..32)                                      OPTIONAL,   -- Need S
            ...
        },
        semi-persistent-r16                       SEQUENCE {
            periodicityAndOffset-sp-r16               SRS-PeriodicityAndOffset-r16,
            ...
        },
        periodic-r16                              SEQUENCE {
            periodicityAndOffset-p-r16                SRS-PeriodicityAndOffset-r16,
            ...
        }
    },
    sequenceId-r16                            INTEGER (0..65535),
    spatialRelationInfoPos-r16                SRS-SpatialRelationInfoPos-r16                               OPTIONAL,   -- Need R
    ...
}

There is the misalignment between RRC and NRPPa in the spatial relation information configuration for the POS-related SRS resources.
· In NRPPa, the Spatial Relation Information is configured per SRS resource set
· In RRC, the spatialRelationInfoPos-r16 is configured per SRS resource

According to the previous agreement, the gNB should be able to decide one spatial relation (i.e., one RS to indicate the beam direction) for each SRS-PosResource in RRC, based on some recommendations given by the LMF via NRPPa. Thus, we need to check whether the gNB can get the information required for the spatial relation configuration of each SRS resource from the Spatial Relation Information configured per SRS Resource set in the current NRPPa. The following shows the definition of Spatial Relation Information IE captured from TS 38.455 [1].
[bookmark: _Toc51776052][bookmark: _Toc56773074][bookmark: _Toc56773284]9.2.34	Spatial Relation Information 
[bookmark: _Hlk50141396]This information element indicates a spatial relation for transmission of UL SRS by a UE.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Spatial Relation for Resource ID
	
	1..<maxnoSpatialRelations>
	
	According to TS 38.321 [15] and TS 38.331 [13]

	CHOICE Reference Signal
	M
	
	
	

	>NZP CSI-RS
	
	
	
	

	>>NZP CSI-RS Resource ID
	M
	
	INTEGER (0..191)
	

	>SSB
	
	
	
	

	>> NR PCI
	M
	
	INTEGER (0..1007)
	

	>>SSB Index
	O
	
	INTEGER (0..63)
	

	>SRS
	
	
	
	

	>>SRS Resource ID
	M
	
	INTEGER (0..63)
	

	>Positioning SRS
	
	
	
	

	>> Positioning SRS Resource ID
	M
	
	INTEGER (0..63)
	

	>DL-PRS
	
	
	
	

	>>DL-PRS ID
	M
	
	INTEGER (0..255)
	

	>>DL-PRS Resource Set ID
	M
	
	INTEGER (0..7)
	

	>>DL-PRS Resource ID
	O
	
	INTEGER (0..63)
	


	Range bound
	Explanation

	maxnoSpatialRelations
	Maximum no. of Spatial Relations that can be configured.  Value is 64. 



The ASN.1 code for SpatialRelationInfo is also captured as below.
	SpatialRelationInfo ::= SEQUENCE {
	spatialRelationforResourceID					SpatialRelationforResourceID,
	iE-Extensions		ProtocolExtensionContainer { {SpatialRelationInfo-ExtIEs} }	OPTIONAL,
	...
}

SpatialRelationInfo-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}
SpatialRelationforResourceID ::= SEQUENCE (SIZE(1..maxnoSpatialRelations)) OF SpatialRelationforResourceIDItem

SpatialRelationforResourceIDItem ::= SEQUENCE {
	referenceSignal		ReferenceSignal,
	iE-Extensions		ProtocolExtensionContainer { {SpatialRelationforResourceIDItem-ExtIEs} }	OPTIONAL,
	...
}



The above definition shows that the Spatial Relation Information IE can contain up to 64 (maxnoSpatialRelation) SpatialRelationforResourceIDItems, which indicate up to 64 RSs for the spatial relation of the SRS Resources. In summary, regarding the spatial relation of SRS resources, the LMF can inform the gNB Number of SRS Resources Per Set N (<=16) and M(<=64) Spatial Relation for Resource ID items per each SRS resource set item as below figure.


At the gNB side, it should be possible to decide the spatial relation of the requested N(<=16) SRS-PosResources based on M(<=64) Spatial Relation for Resource ID items in the above figure. Here, we can consider three possible cases as below:
· Case 1 (N==M)
: The gNB can configure up to N SRS-PosResources with the given M(=N) spatial relation RSs, considering the amount of spare resources and the UE capability regarding Max SRS configuration.
· Case 2 (N>M)
: The gNB can configure up to M SRS-PosResources with the given M spatial relation RSs, considering the amount of spare resources and the UE capability regarding Max SRS configuration.
· Case 3 (N<M)
: The gNB can configure up to N SRS-PosResources with the selected N spatial Relation RSs among M RSs given by the LMF, considering the amount of spare resources and the UE capability regarding Max SRS configuration.

In the case 1/2, the gNB can expect the correspondence between N SRS-PosResources and M spatial relation RSs anyhow. On the other hand, in the case 3, the relation between the requested number of SRS N and the M spatial relation is too ambiguous, and thus it is not clear how the gNB could select N spatial relation RSs among the M RSs. We may understand this situation like that the LMF gives the gNB multiple options on the spatial relation of SRS and the gNB can have the freedom to select some of them based on its own available information (e.g., any RRM results from the target UE). However, as discussed in [3], there are some limitations on available RRM results from the UE (especially for neighbouring TRPs), and thus it is hard to expect that the gNB can properly decide the spatial relation of each SRS-PosResource with the ambiguous information format supported by the current NRPPa.
The ambiguity problem becomes even more severe when we consider K(<=16) Periodicity List Item in SRS Resource Set Item together. Let’s assume that the LMF gives the gNB the Requested SRS Transmission Characteristics IE containing the information as in the below table. 
	(Example) One of the SRS Resource Set Item in Requested SRS Transmission Characteristics IE includes the information for SRS configuaration as below.
· Number of SRS Resources Per Set = 5
· 4 Periodicity List items= {1ms, 5ms, 10ms, 15ms}
· 10 Spatial relation Information = { RS1, RS2, …, RS9, RS10}


In this example, we can’t even expect how the gNB can interpret the mapping relation between this information and decide appropriate periodicity and spatial relation for each SRS-PosResource configuration.
There is the ambiguity problem in the requested SRS information given by the LMF via NRPPa.
With the current NRPPa, the LMF can not provide the information necessary for the gNB to configure the proper spatial relation/periodicity of SRS resources.
Considering that the ambiguity originally comes from the misalignment between NRPPa and RRC, we believe that the straightforward way to resolve this problem is to enable the SRS-resource-level configuration of spatial relation information/periodicity in NRPPa as in RRC. Thus, we propose as below:
RAN2 sends the LS to RAN3 to trigger the discussion on enabling the SRS-resource-level Spatial Relation Information/Periodicity configuration in NRPPa.
Conclusion
Based on the discussion in the previous sections, the following observations and proposals have been made:
 
1. There is the misalignment between RRC and NRPPa in the spatial relation information configuration for the POS-related SRS resources.
· In NRPPa, the Spatial Relation Information is configured per SRS resource set
· In RRC, the spatialRelationInfoPos-r16 is configured per SRS resource

There is the ambiguity problem in the requested SRS information given by the LMF via NRPPa.
With the current NRPPa, the LMF can not provide the information necessary for the gNB to configure the proper spatial relation/periodicity of SRS resources.

1.  RAN2 sends the LS to RAN3 to trigger the discussion on enabling the SRS-resource-level Spatial Relation Information/Periodicity configuration in NRPPa.
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