3GPP TSG RAN WG1 #98		 R1-1912976
Chongqing, China, 14 – 18 October, 2019

Agenda item:	7.2.10.4
Source: 	Qualcomm Incorporated
Title: 	Remaining details on Phy-layer procedures for NR Positioning
Document for:		Discussion and Decision
1. Introduction
In the last meeting (RAN1#98-bis), the following agreements were made related to procedures for positioning:
	Agreement:
· The number of distinct pathloss references that a UE can simultaneously maintain for SRS for positioning resource sets can be smaller than the number of configured SRS for positioning resource sets. 
· A UE does not expect to simultaneously maintain more than N additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
· FFS: Value of N
· There is at most one pathloss reference per SRS resource set configured.
· Note: The value of N can be decided at RAN1#99 or as part of UE capability discussions.

Agreement:
For the purpose of power control of the SRS for positioning, if a DL reference signal is to be used as DL path loss reference, the following is provided to the UE by higher layers for each required TRP (e.g., serving and neighbours):
· If the DL reference signal to be used as DL path loss reference is a SSB, provide the ss-PBCH-BlockPower.
· Note: The ss-PBCH-BlockPower is currently defined as average EPRE of the resource elements that carry secondary synchronization signals in dBm that the TRP use for SSB transmission (see TS 38.213, clause 7; range currently defined as INTEGER (-60..50)).
· If the DL reference signal to be used as DL path loss reference is a DL-PRS, provide the dl-PRS-Resource-Power.
· The dl-PRS-Resource-Power is defined as average EPRE of the resources elements that carry DL-PRS Resource signals in dBm that the TRP uses for DL-PRS Resource transmission.
· FFS: CSI-RS transmit power indication if CSI-RS is agreed as a pathloss reference.

Agreement:
If a DL reference signal is to be used as pathloss reference for the purpose of SRS for positioning power control, or if a DL reference signal is to be used as spatial relation info for SRS for positioning, the following is provided to the UE by higher layers:
· If the DL RS to be used is an SSB, provide the time/frequency occupancy of the SSB.  
· If the DL RS to be used is a DL-PRS, provide the the time/frequency occupancy of the DL-PRS.
· FFS: Overhead reduction for SSB which has already been detected. 
· FFS: CSI-RS configuration if CSI-RS is agreed as a pathloss reference or spatial relation info.


Agreement:
Only open loop power control mechanism is supported. If the UE is provided a pathloss reference from the serving or a neighbouring cell in the SRS for positioning configuration, but is not able to successfully measure the pathloss for the pathloss reference provided, use a RS resource obtained from the SSB that the UE uses to obtain MIB as the pathloss reference signal.


Agreement:
· An expected RSTD value together with uncertainty (search window) is provided to the UE for the TRPs in the assistance data (analogous to LTE).
· expectedRSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs the target device is expected to measure.
· Note: It is assumed that precise TRP transmission time differences are provided to the UE for UE-based positioning (which is in the scope of RAN2).
· Note: RAN2 can optimize the signalling to cover both UE-based and UE-assisted positioning in a single framework.

Agreement:
For a DL PRS resource, QCL-TypeC from an SSB from a TRP (Option 1 from previous related agreement in RAN1#98) is supported 

Agreement:
· For positioning purposes, for UL Beam management/alignment towards serving cell, support configuration of a spatial relation between a reference DL RS from serving cell and the target SRS for positioning. The Reference DL RS that can be used are SSB, CSI-RS (NZP-CSI-RS-ResourceId), or DL-PRS for positioning.
· For positioning purposes, for UL Beam management/alignment towards neighbouring cells, support configuration of a spatial relation between a reference DL RS from neighbouring cells and the target SRS for positioning. The Reference DL RS that can be used are SSB or DL-PRS.
· FFS: CSI-RS for RRM as the reference DL RS

Agreement:
For each SRS resource for positioning, only a single RS resource for spatial relation can be provided per resource.
Support configuration of a spatial relation between two SRS resources for positioning.

Agreement:
The SRS for positioning purposes is transmitted within the active UL BWP of the UE.

Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following can be used (option 1 from previous related agreement in RAN1#97):
· The DL PRS can be configured to be QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL Type D source of DL-PRS.
· FFS: CSI-RS for RRM

Agreement:
For the purpose of power control of the SRS for positioning purposes (for all positioning solutions using SRS when DL-PRS is available), support configuring a DL-PRS (in addition to SSB which has already been agreed) of a neighbouring cell to be used as DL path loss reference. 
· Note: UE support of DL-PRS as a DL pathloss reference can be discussed as part of UE capability discussions


2. [bookmark: _Hlk534972245]Time/Frequency Occupancy of SSB as QCL Type-D/C for DL PRS
The following agreements were made previous meeting regarding QCL Type-C/D source of DL PRS
	Agreement:
For a DL PRS resource, QCL-TypeC from an SSB from a TRP (Option 1 from previous related agreement in RAN1#98) is supported 

Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following can be used (option 1 from previous related agreement in RAN1#97):
· The DL PRS can be configured to be QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL Type D source of DL-PRS.
· FFS: CSI-RS for RRM



Based on the above, the required signaling of the time/frequency occupancy of the SSBs of neighboring cells needs to be provided. Note that in the endorsed higher layer signaling, the following was added as a comment in the “value range” for the purpose of SRS spatial relation information:
RAN2 WG is to define signaling to provide:
time/frequency occupancy of the SSB
the time/frequency occupancy of the DL-PRS

A similar statement is neded in the “value range” of “DL-PRS-QCL-Info”. With regards to the required parameters for the time/frequency occupancy of an SSB of a neighboring cell, please find below which parameters are needed:
	Parameter
	Values
	Explanation

	ssbFrequency
	ARFCN-ValueNR
	The UE is required to be provided in which center frequnecy the SSB is transmitted. Similar parameter was used in the IE MeasObjectNR of NR Rel-15.
MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                           OPTIONAL,   -- Cond SSBorAssociatedSSB

ssbFrequency
Indicates the frequency of the SS associated to this MeasObjectNR.

	SFN-SSBOffset
	{0,1,…,15}
	Each TRP may transmit an SSB on a different frame index with a given periodicity. For example, if the periodicity is 20 msec, the SSB may be either in the first frame or the second frame. Note that this is not the SFN offset of the neighboring TRP with respect to the serving TRP, but rather it is the SFN offset of the SSB of the neigboring TRP with respect to the SFN 0 of that TRP. Since the maximum periodicity is 160 msec, this can take up to 16 values. 

	SSB-periodicity
	same values as those used in the corresponding field of ServingCellConfigCommon IE
	Periodicity of the SSB of the neighboring TRP

	halfFrameIndex
	{0,1}
	The UE can locate the frame that carries the SSB using the SFN-SSBOffset and SSB-periodicity. Then, it needs to be configured with the halfFrameIndex which defines whether the SSB appears in the first half of the frame or the second.

	SSB-positiongInBurst
	same values as those used in the corresponding field of ServingCellConfigCommon IE
	Indicates the time domain positions of the transmitted SS-blocks in a half frame with SS/PBCH blocks as defined in TS 38.213 [13], clause 4.1. The first/ leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not transmitted while value 1 indicates that the corresponding SS/PBCH block is transmitted. 

	SSB-CaseNumber
	{A,B,C,D,E}
	This field is used to provide the following: Subcarrier spacing of the SSB, and also the case number (Section 4.1 in 38.213) which controls, for a half frame with SS/PBCH blocks, the first symbol index for the SS/PBCH blocks. If the value is A, the SCS is 15 Khz, if the value is B or C, the SCS is 30 KHz, if the value is D the SCS is 120 kHz, if the value is E, the SCS is 240 KHz. 
Note that, providing the SCS explicitly without the case number would not be sufficient for the case of 30 KHz since both cases B and C are applicable, and the UE would be required to blindly search for both. 



Proposal 1: Clarify that the signaling of the time/frequency occupancy of the SSB is required whenever the DL-PRS-QCL-Info points to an SSB from a neighboring TRP. The required parameters that need to be specified for providing the time/frequency occupancy of an SSB are the following: 
· ssbFrequency with values: ARFCN-ValueNR
· halfFrameIndex with values: 0 or 1
· SSB-periodicity with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
· SSB-positiongIBurst with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
· SSB-caseNumber with values {A,B,C,D,E}
· SFN-SSB_Offset with values {0,1,2,…15}
3. Reporting of Same Rx/Tx beam across adjacent DL/UL PRS resources
In previous meeting, the following agreement was achieved regarding this topic:
	Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following can be used (option 1 from previous related agreement in RAN1#97):
· The DL PRS can be configured to be QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL Type D source of DL-PRS.
· FFS: CSI-RS for RRM



[bookmark: _Hlk21014128][bookmark: _Hlk15573984]With respect to the scenario of the UE keeping a fixed Rx beam across multiple PRS resources, the following considerations need to be made:
· A UE may not be able to keep exactly the same Rx beam for PRS resources which are far apart in time.
· Using the QCL Type-D relationship may indeed work as a method for the gNB to signal to the UE that the UE should try to keep the same Rx beam, however, due to other reasons (e.g., spatial Rx beam collisions with other channels in intra-band CA), the UE may not be able to keep the same Rx beam. Such information could be reported back to the LMF to help with the positioning calculation.  

[image: ]

As an example consider, PRS resources 1 to 4 which are adjacent in time within a slot as shown in the figure above. The UE may keep (up to implementation) the same Rx beam to receive those 4 PRS resources (in one or more of the repetitions), and report in the UE measurement a differential RSRP vector with the 4 RSRP measurements with reference of PRS resource 1, along with an indication whether the Rx beam was the same in the remaining 3 PRS resources.

[bookmark: _Hlk4766352]Proposal 2: For positioning purposes, and when the UE reports RSRP measurements on adjacent PRS resources, the UE may include in the measurement report, which RSRP measurements have been computed using the same Rx beam.

Similarly, when the UE transmits SRS resources for positioning,  

Proposal 3: For positioning purposes, and if the UE transmits SRS resources for positioning without spatialRelationInfo configured, the UE may inform the LMF in the measurement report, whether the same Tx beam was used for the transmission of the SRS resources. 
4. [bookmark: _Hlk4765648][bookmark: _Hlk23971228]Assistance data: Timing Information 
The following agreement was made with respect to the timing information in the assistance data:
	Agreement:
· An expected RSTD value together with uncertainty (search window) is provided to the UE for the TRPs in the assistance data (analogous to LTE).
· expectedRSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs the target device is expected to measure.
· Note: It is assumed that precise TRP transmission time differences are provided to the UE for UE-based positioning (which is in the scope of RAN2).
· Note: RAN2 can optimize the signalling to cover both UE-based and UE-assisted positioning in a single framework.


[bookmark: _Hlk23971219]
As a background, in LTE, expected RSTD and expected RSTD uncertainty has a resolution of 3Ts where  which corresponds to 32.55 nsec. It is encoded in LPP as an integer between [-8192, 8192] (14 bits), so the center of the search window can be anywhere in [-0.8, 0.8] msec.  With regards to the RSTD uncertainty, which is the window around the expected RSTD, in LTE it is encoded using 10 bits (up to the value of 1023) with a resolution of 3Ts, which corresponds to a maximum uncertainty window of [-0.1,0.1] msec.
The need of such larger uncertainty window is questionable for NR, especially in FR2. Specifically, even if the TRPs are not synchronized, lets say up to 3 usec, an uncertainty of 97 usec woud correspond to a approximately 30 km uncertainty which does not really make sense in any NR deployments. Furthermore, instead of picking round usec numbers as a maximum uncertainty window, we could also align the search space values based on symbol lengths.  Either way a UE would have to do this for evaluating what symbols offsets to support. Based on this considerations, we make the following observations:
· For FR1, we could start with the 60 KHz SCS as a baseline and observe that one symbol would span
  usec. 
Then, a reasonable search window would be of the order of a few OFDM symbols which could cover easily a very large distance between TRPs as shown below:
	Maximum expectedRSTD (usec)
	Maximum expectedRSTD-uncertainty (usec)
	Range of supported search space for all TRPs (usec)
	Range of supported search space for all TRPs (km)

	]
= [-107.03,107.03] usec

	]=
[-53.51,53.51] usec

	[-160.5, 160.5]
	[-48.1, 48.1]



· For FR2, we could start with the 120 KHz SCS as a baseline and observe that one symbol would span 
. 
Then, a reasonable window would be of significantly lower compared to LTE due to the scaling in the SCS and the deployment scearios. The closest numbers that are multiple of OFDM symbols are shown below:
	expectedRSTD (usec)
	expectedRSTD-uncertainty (usec)
	Range of supported search space for all TRPs (usec)
	Range of supported search space for all TRPs (km)

	] =
[-17.9, 17.9]
	] = [-8.9, 8.9]
	[-26.8, 26.8]
	[-8.04, 8.04]


[bookmark: _Hlk16843041][bookmark: _Hlk20837712]
Proposal 4: The maximum values of the expectedRSTD and expectedRSTD-Uncertainty are
· For FR1, [-107.03,107.03] usec and [-53.51,53.51] usec respectively 
· For FR2, [-17.9,17.9] usec and [-8.9,8.9] usec respectively
· [bookmark: _Hlk4766379][bookmark: _Hlk21014161]Reuse the number of bits of LTE for the representation of the above fields (14 bits and 10 bits respectively).
5. [bookmark: _Hlk16497363]Number of simultaneous pathloss references
The following agreement was made regarding the number of simultaneous path-loss references the UE is expected to track for SRS for positioning. 
	Agreement:
· The number of distinct pathloss references that a UE can simultaneously maintain for SRS for positioning resource sets can be smaller than the number of configured SRS for positioning resource sets. 
· A UE does not expect to simultaneously maintain more than N additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
· FFS: Value of N
· There is at most one pathloss reference per SRS resource set configured.
· Note: The value of N can be decided at RAN1#99 or as part of UE capability discussions.



Proposal 5: A UE does not expect to simultaneously maintain more than N distinct pathloss estimates across all SRS resource sets for positioning which are different from the up to four pathloss estimates per serving cell the UE maintains for PUSCH/PUCCH and other SRS transmissions, 
· where N is a UE capability taking the values N={0,1,2,4,8,16} 
6. [bookmark: _Hlk21016167][bookmark: _Hlk21014000]CSI-RS for RRM as path-loss/spatial-relation/QCL-Type-D reference
There have already been long discussions for using CSI-RS for RRM as path-loss and spatial-relation of SRS and QCL-Type-D source for DL PRS in addition to the SSB. From our point of view, such an addition in the system would only complicate the specification and introduce an optimization feature with very low potential usefulness. The SSBs are already available for that purpose, much of the beam management, RRM procedures are happening mainly on the SSBs, and the incremental gains of having a second signal providing a similar functionality is unclear for Rel-16 NR Positioning. 
Proposal 6: No need to introduce CSI-RS for RRM as path-loss/spatial-relation or QCL-Type-D reference in NR Rel-16. 
7. DL PRS & DRX Interaction
DRX is a very important power-saving mechanism in which UE gets into sleep mode for a certain period of time and wake up for another period of time. In NR, there exist several considerations related to the interaction between DRX and other reference signals and operations. For example, when it comes to the reception of CSI-RS for mobility: 
· If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility.
· If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
When it comes to the reception of CSIRS for CSI acquisition: 
· When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. 
· If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported. 
However, in LTE, when it comes to PRS reception:
· “All intra-frequency RSTD measurement requirements specified in Sections 8.1.2.5.1 and 8.1.2.5.2 shall apply without DRX as well as for any DRX and eDRX_CONN cycles specified in TS 36.331 [2].”
That is, the UE is expected to meet the measurement requirements independent of whether DRX is configured or not, which may mean that the UE may need to measure outside the active DRX time, otherwise there may be a risk that PRS occasions from the gNB fall always in DRX inactive. 
It may useful from power consumption perspective, to enable the LMF to attempt to align the PRS periodicity with the DRX, whenever it considers it useful. 
Observation 1: It would be beneficial in NR to introduce signaling to inform the LFM of the DRX configuration of a UE to give the opportunity to the LFM to align the PRS transmissions with the DRX active time. 
Proposal 7: Introduce higher layer signaling, either from the UE or the serving gNB to the LMF, related to the DRX configuration. 
· Remaining details on the signaling shall be left to RAN2 & RAN3 WGs. 
8. Conclusion 
In this contribution, we make the following proposals:
Proposal 1: Clarify that the signaling of the time/frequency occupancy of the SSB is required whenever the DL-PRS-QCL-Info points to an SSB from a neighboring TRP. The required parameters that need to be specified for providing the time/frequency occupancy of an SSB are the following: 
· ssbFrequency with values: ARFCN-ValueNR
· halfFrameIndex with values: 0 or 1
· SSB-periodicity with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
· SSB-positiongIBurst with the same values as those used in the corresponding field of ServingCellConfigCommon IE.
· SSB-caseNumber with values {A,B,C,D,E}
· SFN-SSB_Offset with values {0,1,2,…15}
Proposal 2: For positioning purposes, and when the UE reports RSRP measurements on adjacent PRS resources, the UE may include in the measurement report, which RSRP measurements have been computed using the same Rx beam.

Proposal 3: For positioning purposes, and if the UE transmits SRS resources for positioning without spatialRelationInfo configured, the UE may inform the LMF in the measurement report, whether the same Tx beam was used for the transmission of the SRS resources. 

Proposal 4: The maximum values of the expectedRSTD and expectedRSTD-Uncertainty are
· For FR1, [-107.03,107.03] usec and [-53.51,53.51] usec respectively 
· For FR2, [-17.9,17.9] usec and [-8.9,8.9] usec respectively
· Reuse the number of bits of LTE for the representation of the above fields (14 bits and 10 bits respectively).
Proposal 5: A UE does not expect to simultaneously maintain more than N distinct pathloss estimates across all SRS resource sets for positioning which are different from the up to four pathloss estimates per serving cell the UE maintains for PUSCH/PUCCH and other SRS transmissions, 
· where N is a UE capability taking the values N={0,1,2,4,8,16} 
[bookmark: _GoBack]
Proposal 6: No need to introduce CSI-RS for RRM as path-loss/spatial-relation or QCL-Type-D reference in NR Rel-16. 
Proposal 7: Introduce higher layer signaling, either from the UE or the serving gNB to the LMF, related to the DRX configuration. 
· Remaining details on the signaling shall be left to RAN2 & RAN3 WGs. 
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