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In this contribution, we provide summary of the remaining technical aspects discussed in contributions [1]-[15] submitted to the NR Positioning AI – “7.2.10.1 DL Reference Signals for NR Positioning”. Based on review of contribution, we also provide initial proposals for further discussion in RAN1 WG aiming to facilitate discussion during the meeting week.
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DL PRS Sequence Initialization
The following proposals on DL PRS sequence initialization were made by companies in contributions:
P1: The number of PRS sequence is 4096 and the initialization of DL PRS sequence is:

P7: Support the c_init with the following formula: [Huawei, [2]]
 
P3:Different PRS resources within a PRS resource set should transmit correspondingly same sequences for detecting. [ZTE, [3]]
P4: PRS sequence seed should avoid the following three problems: [ZTE, [3]]
· Separation for the PRBS (pseudo-random binary sequences) between two synchronized neighbouring cells across OFDM symbols.
· Uniqueness of PRBS associated with different scrambling IDs.
· Potential I-Q flipping relationships between two PRBS associated with different scrambling IDs
P5:Define the PRS sequence generation seed as one of the following: [ZTE, [3]]
· 
.
P13: The  value for DL PRS sequence generation is a function of the cell ID and CP type; in addition to PRS sequence ID, slot index and symbol index.
P2d-1: We consider the sequence sharing between PRS and CSI-RS in order to reduce system overhead. This means, PRS can use the resource (scrambling) IDs of CSI-RS [Mediatek, [5]]
P2d-2: The CSI-RS seed generation equation can be modified to support 4096 IDs and in the meantime the modified equation should be backward compatible to the existing equation for CSI-RS seed generation [Mediatek, [5]]
P2d-3: The modified initial seed equation for supporting 4096 IDs for PRS can be expressed as [Mediatek, [5]]
· [image: ]
·   Where the parameter a = 229 is feasible from our evaluation and nid has a range of 0~4095
[bookmark: _GoBack]P2d-4: Another consideration is that, PRS can exclusively own 4096 ID number without sharing with CSI-RS and in the meantime PRS can also utilize the ID value for CSI-RS as sharing. For example, nid= 0~1023 is for CSI-RS and nid= 1024~5119 is exclusively for PRS. Thus, same equation can be applied with further modification on the parameter a [Mediatek, [5]]
· [image: ]
· Where the parameter a = 228 is feasible from our evaluation and nid has a range of 0~5119
P3: The pseudo-random sequence generator for DL PRS shall be initialized with follows. [CATT, [6]]
· 
· where   is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID, where  and 
P4: Support 8192 DL PRS Sequence IDs [CATT, [6]]
P2: Maximum number of DL PRS sequence IDs for NR Positioning is 4096 [Intel, [7]]
P26: [Intel, [7]]
· For cinit initialization, use the following equation: 
· 
P3: PRS sequence initialization value is [LGE, [8]]
· .
·  denotes scrambling sequence ID
·  denotes TP ID
·  denotes the length of Gold sequence
P4: Support the following sequence initialization method of PRS resource [LGE, [8]]
· 
· where  equals to TP ID unless configured by higher layers.
P7:  Use the following  formula for scrambling initialization at the start of each OFDM symbol [Qualcomm, [14]]:
· 
· where is the slot number within a radio frame of each TRP transmitting the PRS resource,  is the OFDM symbol number within a slot and  is higher layer configured for each PRS resource with a size of 16 bits.
P17: The sequence initialization is [Ericsson, [15]]
· 

Proposal for discussion:
Select one of the alternatives proposed above for DL PRS sequence initialization - cinit
· Use the following alternatives to start a discussion
· 
· M = 12
· where is the slot number within a radio frame of each TRP transmitting the PRS resource,  is the OFDM symbol number within a slot
DL PRS Sequence is generated starting from PRB indicated by DL PRS Point A and mapped according to DL PRS allocation in the frequency first order

DL PRS Bandwidth and Start PRB
The following proposals on DL PRS bandwidth and startPRB configuration were made by companies in contributions:
P6: The bandwidth/starting PRB should be same for the PRS resource set with the set ID#0 across all TRPs on a positioning frequency layer [Huawei, [2]]
· RAN4 performance requirements are based on the bandwidth of the PRS resource set #0.
· No restrictions on the bandwidth for other PRS resource sets with a non-zero set ID.
· Send an LS to RAN2 and RAN4.
P5: Bandwidth is configured for each PRS resource set. [vivo, [4]]
P2: DL PRS Resource Sets in a positioning frequency layer can have different DL PRS transmission bandwidths. [CATT]
P2: All DL PRS resource sets belonging to the same Positioning Frequency Layer have the same value of DL PRS bandwidth and Start PRB [Nokia, [9]]
P1: Within one frequency layer, all the PRS resource sets have the same bandwidth. If this is not agreeable, define the bandwidth per PRS resource set, and introduce a UE capability according to which, a UE expects all PRS resource sets of a frequency layer to have the same Bandwidth.[Qualcomm, [14]]
[Intel, [7]]
· The same BW is used for all DL PRS Resources within DL-PRS-PositioningFrequencyLayer
· DL PRS BW is configured per DL-PRS-PositioningFrequencyLayer
P7: A single numerology should be configured within one frequency layer but the starting PRB and central frequency points are not necessarily to be the same. When UE is configured with multiple frequency layers, only one frequency layer can be activated at one time. [Samsung, [11]]

Proposal for discussion:
Select one of the following alternatives for DL PRS bandwidth (BW) and Start PRB configuration
· Alt.1:
· All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of DL PRS Bandwidth and Start PRB
· Alt.2:
· DL PRS Resource Sets belonging to the same Positioning Frequency Layer may be configured with different value of DL PRS Bandwidth and Start PRB
· Bandwidth and Start PRB are configured per DL PRS Resource Set
· Alt.3:
· Same BW and Start PRB are configured for predefined DL PRS Resource Set IDs, e.g. ID#0 
· No restrictions on the BW and Start PRB configuration for other DL PRS Resource Sets IDs
Select one the following alternative(s) for the case, when UE is configured with multiple positioning frequency layers
· Positioning frequency layer(s) for NR measurements is(are) selected by UE according to capability
· Positioning frequency layer(s) for NR measurements is(are) indicated/activated by network. Signaling details are TBD in RAN2 WG
It is up to UE capability whether multiple frequency layers can be processed simultaneously

DL PRS Multiplexing w/ Other DL Signals/Channels
The following proposals on DL PRS multiplexing w/ other DL signals/channels were made by companies in submitted contributions:
P8: The DL PRS transmission should avoid overlapping with SS/PBCH and PDCCH of the same cell. [OPPO, [1]]
· The UE can ignore any DL PRS transmission that overlaps with SS/PBCH or PDCCH transmission of the serving cell
P9: The DL PRS can be transmitted in any symbol configured for DL transmission and the UE can ignore any DL PRS transmissions that overlaps with SS/PBCH or PDCCH transmission of the serving cell [OPPO, [1]]
P4: The PRS from a cell is not mapped to RBs containing SSB/PDCCH/PDSCH from the same TRP. UE shall assume that PRS from a cell is mapped to RBs containing SSB/PDCCH/PDSCH from a different TRP [Huawei, [2]]
P5: The network provides information about SSB and resources occupied by broadcast PDSCH/PDCCH along with the PRS configuration of a cell by LPP [Huawei, [2]]
· Note that the SSB information can be shared for other purposes, e.g., PRS QCL indication.
P14: DL PRS is not mapped to any RB that contains SS/PBCH. [vivo, [4]]
P27: DL PRS transmissions are multiplexed in time with other DL reference signals / channels [Intel, [7]]
P14: New NR PRS being deployed from the first symbol of a slot should be supported and if overlapping between CORESET and PRS happens, PRS can be punctured. If PRS collides with serving cell SSB, it can be punctured. [Samsung, [11]]
P15: DL PRS can be configured to the slot formats with explicit UL transmission except pure UL formats slot, i.e., format 1 and 8-15 but DL PRS can only be configured to DL symbols and/or unknown symbols. [Samsung, [11]]
P2: The DL PRS multiplexing with PDSCH scheduled by UE data services should be supported. [CMCC, [12]]
P1: The DL PRS shall not be mapped to resource elements allocated to the SS-PBCH block, PDCCH, and the PDSCH scheduled by the PDCCH scrambled with SI-RNTI, P-RNTI, RA-RNTI from the serving TRP. [CMCC, [12]]
P7: PRS and SSB should not collide in the same RBs [Mitsubishi, [13]]
P8: With regards to DL PRS multiplexing with other NR signals/channels: [Qualcomm, [14]]
· When the UE is provided assistance data of the time/frequency occupancy of the SSBs of a TRP, for a PRS collision with an SSB from a TRP, the UE assumes that the PRS shall not be mapped on the collided OFDM symbols.
· FFS: Details on the related assistance data
· For a PRS collision with a PDSCH from a serving TRP scheduled by PDCCH scrambled with SI-RNTI, P-RNTI, RA-RNTI, the UE assumes that the PRS shall not be mapped on the OFDM colliding symbols.
P20: No DL PRS RE pattern to coexist with LTE CRS/PRS should be introduced but the introduction of the LTE PRS as an NR signal to allow NR only terminals to utilize an LTE PRS in a DNS scenario could be considered. [Ericsson, [15]]
P21: The UE shall assume that a DL PRS is not transmitted on REs colliding with SSB and CORESETs transmitted from the same cell as the DL PRS. [Ericsson, [15]]
P22: A UE scheduled for DL data on PDSCH colliding and configured with DL PRS transmitted in the same cell shall rate match around the DL PRS. The detailed rate matching mechanism is FFS. [Ericsson, [15]]
· For a PRS collision with a PDSCH from a TRP intended for URLLC traffic, the UE assumes that the PRS shall not be mapped on the colliding OFDM symbols.
P14: New NR PRS being deployed from the first symbol of a slot should be supported and if overlapping between CORESET and PRS happens, PRS can be punctured. If PRS collides with serving cell SSB, it can be punctured. [Samsung, [11]]

Proposal for discussion:
Select among the following alternatives applicable for a given positioning frequency layer:
· Alt.1: (FDM with selected DL signals/channels w/ DL PRS),
· For serving TRP, UE assumes that DL PRS is not mapped to any PRB that contains SS/PBCH, PDCCH and the PDSCH scheduled by the PDCCH scrambled with SI-RNTI, P-RNTI, RA-RNTI (i.e. DL PRS on these REs is punctured)
· For neighbor TRPs, when assistance for SSBs is provided, UE assumes that the PRS is not mapped on the REs occupied by SSB transmission (i.e. DL PRS on these REs is punctured)
· Alt. 2: (TDM with selected DL signals/channels w/ DL PRS),
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH, PDCCH and the PDSCH scheduled by the PDCCH scrambled with SI-RNTI, P-RNTI, RA-RNTI (i.e. DL PRS transmission on these symbols is punctured)
· For neighbor TRPs, when assistance for SSBs is provided, UE assumes that the PRS is not mapped on symbols occupied by SSB transmission (i.e. DL PRS transmission on these symbols is punctured)
· Alt. 3: (FDM with all DL signals/channels w/ DL PRS),
· DL PRS transmissions are multiplexed in time with all other DL reference signals / channels
· System-wide FDM (DL PRS transmission from TRP-A does not collide with any other DL transmissions from TRP-B)
· TRP-wide FDM (DL PRS transmission from TRP-A may collide with any other DL transmissions from TRP-B)
· Alt. 4: (TDM with all DL signals/channels w/ DL PRS),
· DL PRS transmissions are multiplexed in time with all other DL reference signals / channels
· System-wide TDM
· TRP-wide TDM
For reception, UE always assumes constant average DL PRS EPRE within DL PRS Resource

DL PRS and Slot Formats
The following proposals on DL PRS allocation in different slot formats were made by companies in submitted contributions:
P15: DL PRS can be configured to the slot formats with explicit UL transmission except pure UL formats slot, i.e., format 1 and 8-15 but DL PRS can only be configured to DL symbols and/or unknown symbols. [Samsung, [11]]
P9: The DL PRS can be transmitted in any symbol configured for DL transmission and the UE can ignore any DL PRS transmissions that overlaps with SS/PBCH or PDCCH transmission of the serving cell [OPPO, [1]]
Companies have not expressed view on slot formats where DL PRS can be configured which is possibly due to default assumption that DL slots should be used for DL PRS transmission. 

Proposal for discussion:
Select between the following alternatives
· Alt.1: DL PRS is configured only in DL symbols of corresponding slot formats 
· Configured DL PRS Resource (including repetitions) shall fit allocation of DL symbols in each slot
· Alt.2: DL PRS is configured in DL and FL symbols of corresponding slot formats 
· Configured DL PRS Resource (including repetitions) shall fit allocation of DL+FL symbols in each slot 
· Alt.3:  DL PRS is configured only in DL slot format-0 (i.e. all symbols of slot are DL symbols)

DL PRS Combination of Muting Options
Companies made the following proposals on support of DL PRS muting for NR Positioning in submitted contributions:
PRS Occasion is not needed for either PRS configuration or PRS muting.[OPPO, [1]]
Support configuring bitmaps of both Options to a PRS resource set
· The UE mutes the transmission of repetition index indicated by the bitmap of Option 2 for each of the PRS resources within an instance indicated by the bitmap of Option 1 of the DL PRS resource set
P9: A parameter should be defined to indicate the number of consecutive instance when option 1 is applied for muting.[vivo, [4]]
P2c-1: The simultaneous configuration of two muting patterns is not supported [Mediatek, [5]] 
P8: For reducing the time delay and UE power consumption in DL-TDOA positioning, consider supporting additional muting options at the level of PRS occasion and at the level of PRS occasion group. [CATT, [6]]
P10: [Intel, [7]]
· Support simultaneous activation of both muting options (i.e. combination of option 1 and option 2)
· If both options are configured the logical AND operation is applied
· Each bit from Option 1 bitmap is applied to all bits of Option 2 bitmap
P6: Configure a single bit-map for two options of the muting-pattern configuration. Add 1-bit field which is used to indicate option 1 or option 2. [LGE, [8] ]
P5: Add 6 to the possible values of the muting bitmap size. [Nokia, [9]]
P16: PRS Muting should only be supported in a pre-defined manner and its configuration should depend on comb pattern. Occasion should only be introduced for muting. Frequency domain muting should also be supported.[Samsung, [11]]
P6: Regarding the muting, introduce the option of cyclic shifting the muting bitmap by a configurable (per PRS resource set) amount, after N instances for Option 1 and after each instance for Option 2. [Qualcomm, [14]]
P8: Do not support both option1 and option2 at the same time [ZTE, [3]]
P7: Support configuring both options simultaneously for a UE. Option 1 is used to mute all PRS Resources in a PRS Resource Set instance in PRS Resource Set repetition; while Option 2 can be combined with Option 1 to further mute some of the repeated PRS Resources in a PRS Resource Set that is not muted by Option 1.[CATT, [6]]
P7: Include the parameter DL-PRS- MutingPatternBitRepetitionFactor, introduced in the CR for 38.211 section 7.4.1.7.1 based on the agreement on muting, in the list of higher layer parameters. [Ericsson, [15]]
P9: A higher layer parameter named DL-PRS-RepetitionMutingPattern is introduced to configure the muting pattern for the repetition based muting mechanism, option 2. This parameter is included in the list of higher layer parameters. [Ericsson, [15]]
P16: PRS Muting should only be supported in a pre-defined manner and its configuration should depend on comb pattern. Occasion should only be introduced for muting. Frequency domain muting should also be supported. [Samsung, [11]] 
P13: There is no need to introduce additional interference randomization across PRS signals and sharing between NR DL PRS resources and other transmissions including data/control should not be supported. [Samsung, [11]]

Proposal for discussion:
Select one of the following alternatives for DL PRS muting suport
· Alt.1:
· UE can be configured with any of the following combinations of DL PRS muting options
· Option 1 only
· Option 2 only
· Option 1 and Option 2 
· If both options are configured, the logical AND operation is applied, i.e. for each bit from Option 1 bitmap the logical AND is applied to all bits of Option 2 bitmap
· Alt.2:
· UE can be configured with only one DL PRS muting option, i.e. either Option 1 or Option 2 
Introduce parameter DL-PRS-MutingBitRepetitionFactor to support Option 1 with already agreed configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource Set

DL PRS Resource Type
Companies have made the following proposals on support of aperiodic, semi-persistent and periodic DL PRS for NR Positioning in submitted contributions:
P5: Support both aperiodic and semi-persistent PRS, in addition to periodic PRS [Mitsubishi, [13]] 
P4: Support periodic, semi-persistent and aperiodic DL PRS resource allocation [CMCC, [12]]
P16: Define parameter ‘DL-PRS-ResourceType’ for DL PRS resource type configuration with following values: periodic, aperiodic and semi-persistent [Intel, [7]]
This discussion relates to the introduction of the higher layer parameter DL-PRS-ResourceType. Therefore, let’s start discussion from the following proposal:
 
Proposal for discussion:
Introduce DL-PRS-ResourceType parameter to support periodic, semi-persistent and aperiodic DL PRS allocation
· Parameter is defined per DL-PRS-ResourceSet
· Values: ENUMERATED { aperiodic, semiPersistent, periodic }

Additional Number of Symbol(s)
Some companies proposed to define additional values for the number of symbols per DL PRS resource in submitted contributions:
P3: DL PRS does not support other number of symbols in addition to 2/4/6. [OPPO, [1]]
P2: Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6, 12} [vivo, [4]]
P2: Extend the support of 1, 12 and 14 symbols for comb-12 to other comb values [Huawei, [2]]
P3: Support configuration of 12 symbols per DL PRS Resource [Intel, [7]]
P3: Don’t support number of symbols {1, 3, 8, 12} if the current agreed set of {2, 4, 6} is sufficient to complete the staggered pattern within one DL PRS resource for all comb values. [Nokia, [9] ]
P2: In addition to {2, 4, 6}, support 12 as the number of configurable symbols for PRS [Mitsubishi, [13]]
P2b-1: The symbol number 8 and 12 should also be supported so that for comb-4 and comb-6 transmission, the UE can perform time domain interpolation on all the symbols for the fully staggering pattern [Mediatek, [5]]
P2b-5: The symbol number larger than the comb size should be supported. In this way, the intra-slot repetition can be performed to facilitate coherent combining. The coherent combining for the inter-slot repetition may suffer due to unknown frequency offset [Mediatek, [5]]
P4: A PRS resource length ‘DL-PRS-NumSymbols’ of 12 symbols is allowed for comb size 12.
P5: A PRS resource length ‘DL-PRS-NumSymbols’ of 1 symbol is allowed for all agreed comb sizes [Ericsson, [15]]
P3: Configuration of 12 symbols per DL PRS resource is supported [CMCC, [12]]
P2: A PRS resource length ‘DL-PRS-NumSymbols’ of 12 symbols is allowed for comb size 2, 4 and 6 [Ericsson, [15]]
[LGE] Support configuration of 12 symbols for each PRS resource
Many companies would like to add 12 symbols as a configuration option. In addition, 1 symbol is proposed by a few companies.  Based on review of submitted proposals, let’s discuss the following proposal

Proposal for discussion:
Select one of the following alternatives
· Alt.1:
· Add 12 symbols as a configuration option for DL PRS Resource
· Alt.2:
· Add 1 symbol as a configuration option for DL PRS Resource
· Alt.3:
· Do not support additional number of symbols beyond {2, 4, 6} as DL PRS configuration option

Additional Comb Size(s)
Similar to discussion on number of symbols per DL PRS resource, many companies proposed to define additional values for the combSize per DL PRS resource in submitted contributions:
P2: DL PRS does not support other comb values in addition to Comb values 2/4/6 [OPPO, [1]]
P1: DL PRS Resource comb-N value is configurable from the set {2, 4, 6, 12} [vivo, [4]]
P5: Add the support of DL PRS resource mapping patterns of Comb-1 and Comb-12 [CATT, [6]]
· Allow the network to configure the Comb-N and number of symbols per DL PRS Resource independently
P4: [Intel, [7]] 
· DL-PRS-CombSizeN is defined per PositioningFrequencyLayer
· Support DL PRS CombSize 12 if it is agreed that DL PRS Resource can be configured with 12 symbols
P4: Don’t support comb-N values {1, 8} for the DL-PRS. [Nokia, [9]]
P1: In addition to {2, 4, 6}, support comb 12 [Mitsubishi, [13]]
P2b-2: Comb-12 is not considered due to the limited RX processing gain [Mediatek, [5]]
P2b-3: Comb-8 can be considered if we inspect altogether these factors of interference avoidance, attainable power boosting level and RX processing gain [Mediatek, [5]]
P1: The PRS Resource Comb-N value can be configured to 12 in addition to the already agreed values 2, 4 and 6 [Ericsson, [15]]
P10: For Comb-1 the configurable PRS resource length is limited to the set {1, 2, 3, 4, 6, 12}. For Comb-2 the configurable PRS resource length is limited to the set {1, 2, 4, 6, 12}. For Comb-4 the configurable PRS resource length is limited to the set {1, 2 4, 12}. For Comb-6 the configurable PRS resource length is limited to the set {1, 2, 6, 12}. For Comb-12 the configurable PRS resource length is limited to the set {1, 2, 4, 12}. (These PRS resource lengths have been selected since they give good  range properties and also fit well when squeezing a number of PRSs into one slot, see Table 9) [Ericsson, [15]]
P1: All DL PRS resource sets belonging to the same Positioning Frequency Layer have the same value of comb size.  [Nokia, [9]]
[LGE] Support configuration of Comb-12 for each PRS resource in addition to Comb-2/4/6.

Quite many companies proposed to add combSize 12 as a configuration option. In addition, comSize 1 is proposed by a few companies.  Based on review of submitted proposals, it seems natural to discuss the following proposal:

Proposal for discussion:
Select one of the following alternatives for DL PRS combSize configuration
· Alt.1:
· Add combSize 12 as a configuration option for DL PRS Resource, which is applicable to 12 symbol DL PRS Resource configuration option
· Alt.2:
· Add combSize 1 and 12 as a configuration option for DL PRS Resource, which is applicable to all combinations of the number of symbols per DL PRS resource 
· Alt.3:
· Do not support additional combSizes as DL PRS configuration option beyond {2, 4, 6}
Select one of the following alternatives for DL PRS combSize configuration
· Alt.1
· All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of combSize. DL PRS combSize is configured per Positioning Frequency Layer
· Alt.2. 
· All DL PRS Resources belonging to the same DL PRS Resource Set have the same value of combSize. DL PRS combSize is configured per DL PRS Resource Set

Resource Element (RE) Mapping Pattern
The following proposals were made with respect to RE mapping pattern (RE relative offset for various symbols of DL PRS Resource):
P5: Support the following RE mapping pattern [OPPO, [1]]:
· For Comb-4, support number of symbols = 2 and relative RE offset = {0 2}
· For Comb-6, support number of symbols = 2 and relative RE offset = {0, 3}
· O1: The agreed RE mapping pattern for Comb-4/6 result in same RE offsets on some symbols for two different PRS resources that partially overlapped in time.
· For Comb-4: within a slot with 14 symbols, the RE offset sequences on symbols 0~13 can be: 
· {0 2 1 3 0 2 1 3 0 2 1 3 0 2}
· {1 3 2 0 1 3 2 0 1 3 2 0 1 3}
· {2 0 3 1 2 0 3 1 2 0 3 1 2 0}
· {3 1 0 2 3 1 0 2 3 1 0 2 3 1}
· For Comb-6: within a slot with 14 symbols, the RE offset sequence on symbols 0~13 can be:
· {0 3 1 4 2 5 0 3 1 4 2 5 0 3}
· {1 4 2 5 3 0 1 4 2 5 3 0 1 4}
· {2 5 3 0 4 1 2 5 3 0 4 1 2 5}
· {3 0 4 1 5 2 3 0 4 1 5 2 3 0}
· {4 1 5 2 0 3 4 1 5 2 0 3 4 1}
· {5 2 0 3 1 4 5 2 0 3 1 4 5 2} 
· P6: For Comb-4/6, support the above RE mapping patterns additionally. 
P1: Support comb-12 with the following number of symbols and relative RE offsets [Huawei, [2]]
· 1 symbol: {0}
· 12 symbols: {0, 6, 3, 9, 1, 7, 4, 10, 2, 8, 5, 11} and {0, 6, 2, 8, 4, 10, 0, 6, 2, 8, 4, 10}
· 14 symbols: {0, 6, 3, 9, 1, 7, 4, 10, 2, 8, 5, 11, 0, 6}
P3: Relative RE offset can be configured by a table which includes at least one relative RE offset configuration for each comb size. [vivo, [4]]
· Support configuration of relative RE offset in Table.2– Table.4.
Table.2 Configuration of relative RE offset for comb-4
	Configuration index 
	Configuration of relative RE offset 

	1
	{0,2,1,3}

	2
	{0,1,2,3}


Table.3 Configuration of relative RE offset for comb-6
	Configuration index 
	Configuration of relative RE offset 

	1
	{0,3,1,4,2,5}

	2
	{0,2,4,1,3,5}

	3
	{0,1,2,3,4,5}


Table.4 Configuration of relative RE offset for comb-12
	Configuration index 
	Configuration of relative RE offset 

	1
	{0,6,3,9,1,7,4,10,2,8,5,11}

	2
	{0,4,8,2,6,10,1,5,9,3,7,11}

	3
	{0,1,2,3,4,5,6,7,8,9,10,11}


P5: Define additional relationship b/w DL-PRS-CombSizeN, number of symbols and RE offset as provided in Table 2 [Intel, [7]]
	Table 2
	Comb Size – N

	
	2
	4
	6
	12

	Number of symbols per DL PRS Resource
M
	2
	{0, 1}
	{0, 2}
	{0, 3}
	NA

	
	4
	{0, 1, 0, 1}
	{0, 2, 1, 3}
	NA
	NA

	
	6
	{0, 1, 0, 1, 0, 1}
	NA
	{0, 3, 1, 4, 2, 5}
	NA

	
	12
	NA
	NA
	NA
	{0, 6, 3, 9, 1, 7, 4, 10, 2, 8, 5, 11}


P3 : cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size should be supported. The following patterns should be supported. [Mitsubishi, [13]]
· Comb-2 for 4, 6 and 12 symbols, 
· Comb-4 for 12 symbols
· Comb-6 for 12 symbols
P4: Support RB-level comb pattern for PRS, e.g., PRS pattern shown in Figure 2 . [Mitsubishi, [13]]
P2a-1: The staircase pattern similar to that by LTE PRS is not considered [Mediatek, [5]]
P2b-6: The proposed combinations of comb size and symbol number with the corresponding RE offset pattern are as follows, [Mediatek,  [5]]
	
	2 symbols
	4 symbols
	6 symbols
	8 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1}
	{0,1,0,1,0,1, 0,1,0,1,0,1}

	Comb-4
	{0,2}
	{0,2,1,3}
and {0,2,0,2}
	{0,2,1,3,0,2}
and
{0,2,0,2,0,2}
	{0,2,1,3,0,2,1,3}
and
{0,2,0,2,0,2,0,2}
	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	Comb-6
	
	
	{0,3,1,4,2,5}
and {0,2,4,0,2,4}
	
	{0,3,1,4,2,5, 0,3,1,4,2,5}

	Comb-8
	
	
	
	{0,4,2,6,0,4,2,6}
	{0,4,2,6, 1,5,3,7, 0,4,2,6}
and
{0,4,2,6, 0,4,2,6,0,4,2,6}


P2:  Multiple density/pattern should be supported for new NR PRS and it can be configured based on available bandwidth, cell density, numerology, carrier frequency, etc. [Samsung, [11]]
P5: The following Alts for PRS pattern should be supported [Samsung, [11]]
· Alt1: diagonal PRS pattern with RE offset relative to the first symbol of the PRS resource as below
· 

· FFS: If Nc should always be equal to Ns.
· Alt2: uniform PRS pattern with RE offset relative to the first symbol of the PRS resource as below
· 

· where v0 is the RE offset of the first symbol.
P3: For PRS lengths longer than the comb size, the agreed frequency offset patterns are repeated up to the full length of the PRS resource as given in Table 7 [Ericsson, [15]].
P7: Do not support any additional DL PRS RE patterns beyond those previously agreed. [Nokia, [9]]
[LGE] Support configuration of Comb-12 with the following number of symbols and relative RE offsets 
· 6 symbols: {0, 8, 4, 2, 10, 6}
· 12 symbols: {0, 8, 4, 2, 10, 6, 1, 9, 5, 3, 11,7}
[LGE] Support configuration of Comb-6 with the following number of symbols and relative RE offsets 
· 4 symbols: {0, 4, 2, 1}
· 6 symbols: {0, 4, 2, 1, 5, 3}
· 12 symbols: {0, 4, 2, 1, 5, 3,  0, 4, 2, 1, 5, 3}

Proposal for discussion:
Discuss and adopt additional RE offset combinations as defined in the table below (as a starting point):
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1, 0,1,0,1,0,1}

	Comb-4
	{0,2}
	{0,2,0,2}
{0,2,1,3}
	{0,2,0,2,0,2}
	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	Comb-6
	{0, 3}
	NA
	{0,3,1,4,2,5}
{0,2,4,0,2,4}
	{0,3,1,4,2,5, 0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	{0,6,3,9,1,7,4,10,2,8,5,11}{0,4,2,6, 0,4,2,6, 0,4,2,6}



DL PRS Periodicity
A few companies have provided views on applicability of DL PRS periodicity to various SCSs.
P8: PRS periodicity can be defined based on the below table with a scaling factor K configured according to numerology, where [Samsung, [11]]
· K=5 for SCS 15kHz;  K=10 for SCS 15kHz; K=20 for SCS 15kHz; K=40 for SCS 15kHz.

	
PRS periodicity  
(slots)

	  K

	2K

	4K

	8K

	16K

	32K

	64K

	128K

	256K

	512K

	4

	8

	16

	32

	64

	Reserved



P1: Support the following periodicity settings of DL PRS resource allocation depending on SCS
· 15kHz SCS: {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots
· 30kHz SCS: {8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 60kHz SCS: {16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480, 40960} slots
· 120kHz SCS: {32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480, 40960, 81920} slots

Based on provided inputs, it is recommended to discuss the following proposal 

Proposal for discussion:
The following periodicity settings of DL PRS resource allocation is supported depending on SCS
·  {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots, µ = 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively

DL PRS TX Power
One company has discussed DL PRS power boosting:
P11: DL PRS power boosting based on comb pattern should be supported and if a power cap is imposed, the power of PRS can be min{Pboost, Pcap}, where Pboost is the normal boosting power and Pcap is the power cap.[Samsung, [11]]

In addition to boosting and DL PRS TX power consideration it seems also discuss DL PRS EPRE assumptions. At least from UE perspective, it seems natural to assume the same average EPRE per DL PRS resource REs which is not expected to be affected by DL PRS multiplexing with other DL channels/signals.

Proposal for discussion:
DL PRS power boosting is supported based on combSize settings or allocated bandwidth
· DL PRS power is a min {Pboost, Pcap}, where Pcap is the power cap to be defined by RAN4 WG
UE assumes constant EPRE for all REs of a given DL PRS Resource
UE assumes the same TX power for all DL PRS Resources within DL PRS Resource Set

[bookmark: _Toc24779176]Use of Legacy Signals for NR Positioning
The following diverse views were expressed by several companies with respect to the use of legacy reference signals for NR positioning:
P7: SSB can be used for the RSTD/ UE RX-TX time difference measurement and reporting for OTDOA and Multi-cell RTT [LGE, [8]]
P5: The usage of legacy signals (SSB, CSI-RS, TRS) for positioning measurement purpose is up to UE implementation [Sony, [10]]
P1:  Using existing CSI-RS/TRS for NR positioning should be supported as a baseline and the new PRS can be configured when necessary [Samsung, [11]]
P6: Support a new PRS which cannot be configured as a part of CSI-RS [Mitsubishi, [13]]
The use of legacy signals was discussed at the previous meeting. The consensus on the use of legacy signals and definition of corresponding measurement was not reached so far. In that situation, it seems reasonable to propose that use of legacy signals in addition to NR positioning reference signals is left up to UE implementation.

Proposal for discussion:
Use of the Rel.15 reference signals is left up to UE implementation w/o further specification work in Rel.16

[bookmark: _Toc24779177]Multiplexing w/ LTE PRS/CRS
Multiplexing of DL PRS w/ LTE PRS / CRS was discussed by a few companies:
P7: Configure rate-match pattern of LTE CRS and LTE PRS for NR DL PRS.  [OPPO, [1]]
P3: To support NR-PRS to be multiplexed with LTE PRS, only comb-6 and comb-12 with 15kHz subcarrier spacing with staircase staggering should be considered, with [Huawei, [2]]
· Additional 1-RE offset for symbol l=7,…,13.

Considering that many companies have not expressed their view, it seems natural to start discussion with the following proposal:

Proposal for discussion:
Select one of the following alternatives:
· Alt.1: Dedicated DL PRS pattern is introduced, e.g. staircase staggering patterns for Comb-6 and Comb-12 with 15kHz SCS and additional 1-RE offset for symbol l=7,…,13
· Alt.2: LTE CRS and LTE PRS rate-matching patterns are introduced 
· Alt.3: Multiplexing of DL PRS with LTE PRS/CRS in the same slot is not supported in Rel.16

[bookmark: _Toc24779178]Additional QCL Indication
Several companies have made proposals with respect to QCL indication for DL PRS:
P10: For neighbouring cells, DL PRS can be configured with a QCL relation of ‘QCL-type C’ with CSI-RS for mobility [vivo, [4]]
P6: Do not introduce additional QCL relationship for DL PRS [Intel, [7]]
P10: With regards to QCL relations beyond Type-D, there is no need to support QCL relation beyond. [Samsung, [11]]

So far QCL signaling was discussed in AI on NR Positioning physical layer procedures. Therefore it is better to continue discussion there.

Proposal for discussion:
Continue discussion in AI on NR Positioning Physical Layer procedures

[bookmark: _Toc24779179]Cyclic Shift
The support of cyclic shift for DL PRS was discussed:
P2b-4: The cyclic shift operation can also be considered among several TPs by using same seed for scrambling. The small area deployment which results in small propagation delay could be the use case [vivo, [4]]

In general, the application of cyclic shift is limited to subset of deployment scenarios. In addition, the values of CSs should be discussed jointly with combSize and SCS settigns, etc. Therefore it may be considered as an optimization at least in Rel.16 and thus recommended to be considered in future releases.

Proposal for discussion:
Select between the following two alternatives:
· Alt.1: Do not introduce cyclic shift for DL PRS design in the Rel.16
· Alt.2: Support cyclic shift for DL PRS design in the Rel.16

[bookmark: _Toc24779180]Number of Ports
Many companies have expressed the view to support only single port for DL PRS in R16:
P4: DL PRS transmission does not support 2 antenna ports [OPPO, [1]]
P12: Only one antenna port per DL PRS resource is supported [vivo, [4]]
P1: No need to support more than one DL PRS Tx antenna port in Rel-16 [CATT, [6]]
P10: Single antenna port is sufficient for PRS signal and multiple antenna ports should not be supported [Samsung, [11]]
P2:  Not support 2-port NR PRS resource in Rel-16. [LGE, [8]]
P18: The PRS has one port. [Ericsson, [15]]

Proposal for discussion:
For DL PRS, only single antenna port is supported for NR positioning in the Rel. 16

[bookmark: _Toc24779181]Others
P3: UE specific configuration should be supported in NR PRS design. [Samsung, [11]]
· → Signaling details for DL PRS configuration are in scope of RAN2 WG
P6: An RRC signalling should be introduced for UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP. [vivo, [4]]
· → It is in RAN2 scope. Can be directly discussed in RAN2 w/o RAN1 agreement
P7: When measurement gap is not configured, UE should follow the behaviours below to derive the PRS UE measures within a BWP. [vivo, [4]]
· If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
· → The UE behavior should be clear from DL PRS configuration
P23 [Intel, [7]]: 
· Orthogonal physical resources associated with DL PRS Resource/DL PRS Resource Set change across multiple DL PRS occasions
· Unique combinations of DL PRS Resource Sets (TRPs) are transmitted on orthogonal resources across predefined number of DL PRS occasions
· → Proposed to consider in future releases to further optimize NR Positioning performance
P24: NR supports DL PRS transmission schedule based on pseudo random generator (e.g. with uniform distribution) that provides resource index for each DL PRS transmission (PRS ID) in each DL PRS occasion [Intel, [7]].  P25: Support beam permutation for transmission on DL PRS Resources of DL PRS Resource Set [Intel, [7]]
· → Proposed to consider in future releases to further optimize NR Positioning performance
P17: Apply wrap around (SFN cycling) to DL PRS resource configuration [Intel, [7]]
· → It seems to be a common understanding in RAN1 WG
P13: Signaling details for the association of a PRS resource to positioning frequency layer is up to RAN2 WG [Intel, [7]]
· → Therefore RAN2 WG can work on it directly

[bookmark: _Toc24779182]Higher Layer Parameters
[bookmark: _Toc24779183]Modification and Values of Agreed Parameters
1.1.1 [bookmark: _Toc24779184]DL-PRS-StartPRB
The following proposals were made by companies in submitted contributions
P6: Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of 2160 PRBs [ZTE, [3]]
P4: For NR positioning, the upper limit of starting PRB for PRS configuration should be 2169.[vivo, [4]]
P9: The DL-PRS-StartPRB is configured per DL-PRS-PositioningFrequencyLayer [Intel, [7]]
The value range was already agreed to be INTEGER(0..2176) at the previous RAN1 WG meeting in R1-1911564. RAN1 still need to discuss parent IE.

Proposal for discussion:
Alt.1 StartPRB parameter is defined per DL-PRS-PositioningFrequencyLayer
Alt.2 StartPRB parameter is defined per DL-PRS-ResourceSet

1.1.2 [bookmark: _Toc24779185]DL-PRS-ResourceTimeGap
Current values of DL-PRS-ResourceRepetitionFactor’ and {1, 2, 4, 6, 8, 16, 32} DL-PRS-ResourceTimeGap’ {1, 2, 4, 8, 16, 32} and both are defined in slots. The following proposals were made by companies in submitted contributions:

P8: Support to introduce 1 bit information element to indicate whether the unit of ‘DL-PRS-ResourceTimeGap’ is ‘slot’ or ‘symbol’. [vivo, [4]]
· The value of ‘DL-PRS-ResourceRepetitionFactor’ should be extended to {1, 2, 3, 4, 5, 6, 7, 8, 16, 32}.
· The value of ‘DL-PRS-ResourceTimeGap’ should also be extended to {1, 2, 3, 4, 5, 6, 7, 8, 16, 32}.
P4: Add a DL-PRS-ResourceTimeGap value of 5 to enable aligned transmissions of a DL PRS resource with a frame structure where DL slots repeat every 5 slots (e.g., DDDSU). [Qualcomm, [14]]

Proposal for discussion:
Add value of 5 to a DL-PRS-ResourceTimeGap parameter
Discuss support of DL-PRS-ResourceTimeGap in symbols
· Alt.1: DL-PRS-ResourceTimeGap is defined in slots only
· Alt.2: Additional signaling to indicate whether DL-PRS-ResourceTimeGap is defined in slots or symbols is supported. The a following set of values is used {1, 2, 3, 4, 5, 6, 7, 8, 16, 32}

1.1.3 [bookmark: _Toc24779186]DL-PRS-ResourceSlotOffset
The following proposals were made by companies in submitted contributions with respect to DL-PRS-ResourceSlotOffset:

P16: The value range for DL-PRS-ResourceSlotOffset is 0,1,… , 2047. [Ericsson, [15]]
P7: [Intel, [7]]
· Support the following maximum value for DL-PRS-ResourceSlotOffset parameter: (DL-PRS-Periodicity-1)
· Define the following constraints for DL PRS configuration:
· DL-PRS-ResourceSlotOffset < DL-PRS-Periodicity – DL-PRS-ResourceTimeGap · (DL-PRS-ResourceRepetitionFactor - 1)
· DL-PRS-ResourceTimeGap · (DL-PRS-ResourceRepetitionFactor - 1) < DL-PRS-Periodicity
P5: Support a MaxResourceOffsetValue of 320, which corresponds to a maximum span of 40 msec for 120 KHz SCS [Qualcomm, [14]]
· The UE is not expected to be configured with a MaxResourceOffsetValue value which is larger than  is the numerology factor corresponding to the SCS of the PRS resource set. 

Proposal for discussion:
Discuss and select one of the following alternatives
· Alt.1: The value range for DL-PRS-ResourceSlotOffset is 0,1,… , 2047
· Alt.2: 
· Support the following maximum value for DL-PRS-ResourceSlotOffset parameter: (DL-PRS-Periodicity-1)
· Define the following constraints for DL PRS configuration:
· DL-PRS-ResourceSlotOffset < DL-PRS-Periodicity – DL-PRS-ResourceTimeGap · (DL-PRS-ResourceRepetitionFactor - 1)
· DL-PRS-ResourceTimeGap · (DL-PRS-ResourceRepetitionFactor - 1) < DL-PRS-Periodicity
· Alt.3: UE is not expected to be configured with a MaxResourceOffsetValue value which is larger than  is the numerology factor corresponding to the SCS of the PRS resource set

1.1.4 [bookmark: _Toc24779187]DL-PRS-ResourceSymbolOffset
The following proposal was made with respect to DL-PRS-ResourceSymbolOffset:

P6: The value range for the higher layer parameter DL-PRS-ResourceSymbolOffset shall be changed from {0, 1, 2, …, 12 } to {0, 1, 2, …, 13 } to allow for any position in the slot for a one symbol PRS resource.[Ericsson, [15]]

Proposal for discussion:
The value range for the higher layer parameter DL-PRS-ResourceSymbolOffset is changed from {0, 1, 2, …, 12 } to {0, 1, 2, …, 13 } if configuration of single symbol DL PRS Resource is agreed

1.1.5 [bookmark: _Toc24779188]DL-PRS-ResourceId
P14: The value range for the parameter DL-PRS-ResourceId should be 0,1,… , maximum number of PRS resources per PRS resource set - 1. The maximum number of PRS resources per PRS resource set should be at least 64. [Ericsson, [15]]
P15 [Intel, [7]]: From system perspective:
· Maximum number of DL PRS Resources per DL PRS Resource Set is limited by Lmax
· Lmax = 8 for FR1
· Lmax = 64 for FR2
· The range of DL PRS Resource ID is 
· from 0 to 7 for FR1
· from 0 to 63 for FR2
· Number of DL PRS Resources per DL PRS Resource Set is configurable from the following sets
· L = 1, 2, 4, Lmax = 8 for FR1
· L = 1, 2, 4, 8, 16, 32, Lmax = 64 for FR2

Proposal for discussion:
The range of DL PRS Resource ID is 
· from 0 to 7 for FR1
· from 0 to 63 for FR2
Number of DL PRS Resources per DL PRS Resource Set is configurable from the following sets
· L = 1, 2, 4, Lmax = 8 for FR1
· L = 1, 2, 4, 8, 16, 32, Lmax = 64 for FR2

1.1.6 [bookmark: _Toc24779189]DL-PRS-ResourceSetId
The following proposals were made with respect to DL-PRS-ResourceSetId:
P11: The value range for the DL-PRS-ResourceSetId should be 0, 1,… , maximum number of Resource sets – 1. [Ericsson, [15]]
P12: Agree to a maximum number of Resource sets larger than one only together with a well defined use case and UE behavior for how to utilize multiple PRS resource sets per TRP. [Ericsson, [15]]
P14 [Intel, [7]]:
· From system perspective, support up to four DL PRS Resource Sets per TRP for each positioning frequency layer
· The DL PRS Resource Set ID value is defined within a range [0-31]

Proposal for discussion:
Further discuss the following proposal if a well-defined use case and UE behavior for how to utilize multiple DL PRS Resource Sets per TRP and positioning frequency layer is agreed (otherwise single DL PRS Resource Set per TRP and positioning frequency layer can be considered as a default option):
· From system perspective, support up to four DL PRS Resource Sets per TRP for each positioning frequency layer
· The DL PRS Resource Set ID value is defined within a range [0-31]

1.1.7 [bookmark: _Toc24779190]DL-PRS-ResourceSetSlotOffset
The following proposal was made with respect to DL-PRS-ResourceSetSlotOffset:
P15: The DL-PRS-ResourceSetSlotOffset should be combined with the DL-PRS-Periodicity to save overhead in the standard way. [Ericsson, [15]]

Proposal for discussion:
Whether DL-PRS-ResourceSetSlotOffset is combined with the DL-PRS-Periodicity is up to RAN2 WG

1.1.8 [bookmark: _Toc24779191]DL-PRS-ResourcePower
The following proposal was made with respect to DL-PRS-ResourcePower:
P11: For DL-PRS-ResourcePower, reuse the value range from ss-PBCH-BlockPower, i.e. (-60..50) dBm

Seems it is the only proposal on the table, therefore it is proposed directly:

Proposal for discussion:
For DL-PRS-ResourcePower parameter, the value range from ss-PBCH-BlockPower, i.e. (-60..50) dBm is reused

[bookmark: _Toc24779192]Additional Proposed Parameters
1.1.9 DL-PRS-Config
The following proposals were made to introduce DL-PRS-Config
P9: Support DL-PRS-Config to include multiple PRS resource sets belonging to a TRP, and DL-PRS-ConfigId to represent the ID in the higher layer parameter. [Huawei, [2]]
P10: Change the parent IE of DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix, and DL-PRS-PointA to DL-PRS-ResourceSet. [Huawei, [2]]
· UE is not expected to be configured with PRS resource sets with different DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix, and DL-PRS-PointA over a single positioning frequency layer.
In general, the understanding from feature lead is that these proposal do not change RAN1 agreements in terms of DL PRS physical properties, however redefine structure of parent IEs because of higher layer signaling considerations. The proposed changes can be directly made by RAN2/RAN3 WGs that are in charge of signaling design. Therefore the following alternatives can be discussed:

Proposal for discussion:
Alt.1: Leave a decision up to RAN2 and RAN3 WGs with the understanding that RAN2 and RAN3 WGs can modify tables of higher layer parameters provided by RAN1 to facilitate higher layer signaling design and inform RAN1 WGs about any changes
Alt.2: Agree on the following in RAN1 and inform RAN2 and RAN3 WGs:
· Support DL-PRS-Config to include multiple DL PRS Resource Sets belonging to a TRP within a single positioning frequency layer, and DL-PRS-ConfigId to represent the ID in the higher layer parameter
· Change the parent IE of DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix, and DL-PRS-PointA to DL-PRS-ResourceSet
· UE is not expected to be configured with PRS resource sets with different DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix, and DL-PRS-PointA over a single positioning frequency layer.

1.1.10 Positioning Frequency Layer ID
Support of multiple positioning frequency layers was agreed. 
P3: NR positioning frequency layer has an ID. [Sony, [10]]
It seems reasonable to introduce a positioning frequency layer ID given that support of multiple NR positioning frequency layers is assumed. At the same time, we assume that these details can be directly agreed in RAN2 WG.

Proposal for discussion:
Select one of the following alternatives:
· Alt.1: Higher layer parameter positioning frequency layer ID is introduced with the following values {0,1, …, 7}
· Alt.2: It is up to RAN2 WG, whether to introduce positioning frequency layer ID with the understanding that maximum number of positioning frequency layers from UE and system perspective is limited to [8]

1.1.11 Repetition On/Off
The following proposal was made for repetition on/off parameter:
P5: Introduce a configuration parameter for each PRS resource set such as “repetition” which can be set to “On” or “Off”, considering multiple TPs/gNBs. [LGE, [8]]
The support of repetition on/off parameter was discussed at the previous meeting with no consensus reached. Considering that repetition factor was agreed by RAN1 the need for this parameter seems even more questionable.

[bookmark: _Toc24779193]UE Capability and DL PRS Configuration
During the discussion at the previous meeting a set of higher layer parameters was discussed which can be applicable to UE capability, DL PRS configuration or UE measurement configuration [please refer to R1-1911564]. For this meeting, the views with respect to mentioned parameters were expressed by a few companies as described in sections 3.3.1-3.3.6. Considering the lack of provided input it is proposed to directly discuss the table in section 3.3.7, fill in the missing values and endorse it this meeting.

1.1.12 Number of UE Measurements
P15: UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to 256 total number of DL PRS resources within [vivo, [4]]
· Up to 12 positioning frequency layers
· Up to 24 TRPs per positioning frequency layer
· Up to 8 DL PRS resource sets per TRP
· Up to 64 DL PRS resources per PRS resource set

1.1.13 Values for NumPositioningFrequencyLayers
P12: [Intel, [7]]
· From system perspective, the maximum number of DL positioning frequency layers is 8
· From UE perspective, the maximum number of DL positioning frequency layers is up to UE capability within the range [1, 2, 3, …, 8]
P18: [Intel, [7]]
· From system perspective, the range of values for NumPositioningFrequencyLayers [1,…,8]
· From UE capability perspective, the maximum number of positioning frequency layers supported by UE (UE-MaxNumPositioningFrequencyLayers) is defined within a range [1 ,…, 8]
1.1.14 Values for NumTrpPerPositioningFrequencyLayer
P19: [Intel, [7]]
· From system perspective, the range of values for NumTrpPerPositioningFrequencyLayer [1, 32]
· From UE capability perspective, the maximum NumTrpPerPositioningFrequencyLayer (UE-Max NumTrpPerPositioningFrequencyLayer) is defined within a range [1, 2, 4, 8, 16, 32]
1.1.15 Values for NumDL-PRS-ResourceSetsPerTRP
P20: [Intel, [7]]
· From system perspective, the maximum value for NumDL-PRS-ResourceSetsPerTRP defined across all positioning frequency layers is 32
· From UE capability perspective, the maximum NumDL-PRS-ResourceSetsPerTRP (UE-Max NumDL-PRS-ResourceSetsPerTRP) is defined within a range [1, 2, …, 32]
1.1.16 Values for NumDL PRS ResourcesPerSet
P21: [Intel, [7]]
· From system perspective, the range of values for NumDL PRS ResourcesPerSet [1, 64]
· From UE capability perspective, the maximum NumDL PRS ResourcesPerSet (UE-MaxNumDL-PRS-ResourcesPerSet) is defined within a range [1, 2, 4, 8, 16, 32, 64]
1.1.17 Values for TotalNum-DL-PRS-Resources
P22: [Intel, [7]]
· From UE capability perspective, the maximum TotalNum-DL-PRS-Resources (UE- TotalNum-DL-PRS-Resources) is defined within a range [8, 16, 32, 64, 128] 

1.1.18 Table w/ UE Capability and DL PRS Configuration/Measurement Parameters
Table 1: UE Capability and DL PRS Measurement/Configuration Parameters
	Parameter
	RAN1 Agreements
	UE capability 
[Values]
	DL PRS Measurement/Configuration
[Values]

	NumDL-PRS-RSRP-MeasurementsPerTRP
	UE can be configured to measure and report up to N (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
· FFS N=[3]

[Need to clarify whether it is per single or across all positioning frequency layers]
	No input is provided in DL PRS AI

Values: []
	No input is provided in DL PRS AI

Applicable for measurement or DL PRS configuration

Values: []

	NumDL-PRS-RSTD-MeasurementsPerTRPPair
	UE can be configured to measure and report up to [M] DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
· All the RSTD measurements in a single report should have a single reference timing
· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
· FFS M=[3]
[Need to clarify whether it is within single or across all positioning frequency layers]
	No input is provided in DL PRS AI


Values: []
	No input is provided in DL PRS AI

Applicable for measurement or DL PRS configuration

Values: []

	[Added by feature lead since it seems missing]

NumDL-PRS-UE-Rx-Tx MeasurementsPerTRP
	UE can be configured to measure and report up to P (> 1) UE Rx-Tx time difference measurements on different DL PRS resources from the same TRP
· FFS P =[3]

[Need to clarify whether it is per single or across all positioning frequency layers]
	No input is provided in DL PRS AI

Values: []
	No input is provided in DL PRS AI

Applicable for measurement or DL PRS configuration

Values: []

	NumPositioningFrequencyLayers
	UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP within up to NumPositioningFrequencyLayers positioning frequency layers
FFS: NumPositioningFrequencyLayers value

	
Values: [0-7]
	
Applicable for measurement or DL PRS configuration

Values: [0-7]

	NumTrpPerPositioningFrequencyLayer
	UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP within up to NumTrpPerPositioningFrequencyLayer TRPs per positioning frequency layer
FFS: NumTrpPerPositioningFrequencyLayer value

	Values: [1, 2, 4, 8, 16, 32]
	Applicable for measurement or DL PRS configuration

Values: [1-32]

	NumDL-PRS-ResourceSetsPerTRP
	UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP within up to NumDL-PRS-ResourceSetsPerTRP DL PRS resource sets per TRP
FFS: NumDL-PRS-ResourceSetsPerTRP value
[Need to clarify whether it is per single or across all positioning frequency layers]
	Values: [1, 2, …, 32]
	Applicable for measurement or DL PRS configuration

Values: [1-32]

	NumDL-PRS-ResourcesPerSet
	UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP within up to NumDL PRS ResourcesPerSet DL PRS resources per PRS resource set
FFS: NumDL PRS ResourcesPerSet value

	Values: [1, 2, 4, 8, 16, 32, 64]
	Applicable for measurement or DL PRS Configuration

Values: [1-64]

	TotalNum-DL-PRS-Resources
	UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to TotalNum-DL-PRS-Resources total number of DL PRS resources
FFS: TotalNum-DL-PRS-Resources value

	Values: [8, 16, 32, 64, 128]
	Applicable for measurement or DL PRS configuration

Values: [1-128]



Proposal for discussion:
Fill in values and endorse the table above

1.1.19 UE Capability for Low Periodicity DL PRS Resources 
P2: Introduce a separate UE capability for the low periodicity PRS resources (e.g. those that correspond to a periodicity lower than 160 msec) for all SCS. [Qualcomm, [14]]

Proposal for discussion:
Continue discussion as a part of  UE capability sessions

[bookmark: _Toc24779194]Conclusions
In this contribution, we have provided overview of remaining DL PRS design aspects based on review of the submitted contributions [1]-[15]. In addition, tentative proposals have been made to facilitate discussion during the RAN WG1 meeting week.
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