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Introduction
In this contribution, we provide summary of the main technical aspects discussed in contributions – [1]-[16] submitted to the NR Positioning AI – “7.2.10.1 DL  Reference Signals for NR Positioning” and provide tentative proposals for further discussion in RAN1 WG aiming to facilitate discussion during the meeting week.
In the next sections, we provide additional details and views expressed by companies, as well as initial proposals to trigger further discussion and decision in RAN1 WG.
DL Reference Signal Design for NR Positioning
DL PRS Occasion
At the previous meeting, RAN1 agreed on the following definition for DL PRS occasion:
	“DL PRS occasion is one instance of periodically repeated time windows (consecutive slot(s)) where DL PRS is expected to be transmitted
· FFS: If this definition is introduced for muting or DL PRS resource allocation or both”


The following views were expressed to support localized in time transmission of DL PRS signals as well as describe DL PRS transmissions in time:
PRS occasion should not be used for resource allocation [Huawei, [1]]
PRS occasion is defined for muting purpose in NR [vivo, [3]]
Definition of DL PRS occasion should be applied for both muting and DL PRS resource allocation. [Nokia, [6]]
NR may consider introducing the concept of PRSPositioningoccasion, which contains a burst of PRS resource sets transmitted in short time duration for reducing the time delay and UE power consumption in DL-TDOA positioning. The duration of an NR DL PRS Positioning Occasion or the number of PRS resource sets of an NR DL PRS Positioning Occasion should be configurable within a certain range. For example, the duration of an NR DL PRS Occasion may be limited within [N]slots, and/or the number of PRS resource sets of an NR DL PRS Positioning Occasion is limited to [Y] [CATT, [10]]
[Intel, [11]]
· 	DL PRS Resources of any DL PRS Resource Set are allocated inside one DL PRS occasion
· NR Positioning supports configuration of DL PRS Resource Sets where all DL PRS Resources use either 1) the same DL TX spatial filter or 2) different DL TX spatial filters
· DL PRS occasion may allocate either 1) DL PRS Resource Sets where all DL PRS Resources use the same DL TX spatial filter or 2) DL PRS Resource Sets where all DL PRS Resources use different DL TX spatial filters

Proposal for discussion:
DL PRS occasion is applied for both muting and DL PRS resource allocation 
All DL PRS Resources of any DL PRS Resource Set are allocated inside one DL PRS occasion
DL PRS occasion may allocate DL PRS Resource Sets of one type:
· 1) DL PRS Resource Sets where all DL PRS Resources use the same DL TX spatial filter
· 2) DL PRS Resource Sets where DL PRS Resources may use different DL TX spatial filters

DL PRS Resource Configuration
The majority of details for DL PRS Resource configuration were agreed at the previous meeting with several FFS points related to bandwidth, numerology, etc. The following proposals were made in submitted contributions [1]-[16] with respect to bandwidth configuration:
Support the following parameters to describe a DL PRS resource [Huawei, [1]]
· Transmission bandwidth and starting PRB with respect to Point A
· Numerology
The network provides the SFN initialization timing for each cell along with its PRS configuration in LPP. [Huawei, [1]]
Transmission bandwidth and starting PRB with respect to Point A [Nokia, [6]]
NR should at least support the DL PRS transmission bandwidth configurations, which corresponds to the maximum number PRBs of the carrier bandwidths supported by NR as defined in TS 38.104. The proposed DL PRS transmission bandwidth configurations are shown in Table 1 for FR1 and Table 2 for FR2 [CATT, [10]]
· Table 1: DL PRS Transmission bandwidth configuration NRB for FR1
	SCS (kHz)
	NRB (RBs)

	15
	25, 52, 79, 106, 133, 160, 216, 270

	30
	11, 24, 38, 51, 65, 78, 106, 133, 162, 189, 217, 245, 273

	60
	11, 18, 24, 31, 38, 51, 65, 79, 93, 107, 121, 135


· Table 2: DL PRS Transmission bandwidth configuration NRB for FR2
	SCS (kHz)
	NRB (RBs)

	60
	66, 132, 264

	120
	32, 66, 132, 264


PRS resources in a PRS resource set should have the configuration of the same bandwidth, cell ID, the number of antenna ports, period/duration, and frequency density [CATT, [10]]
DL PRS numerology (subcarrier spacing and cyclic prefix) are signaled to UEs. DL PRS transmission BW and starting PRB with respect to Point A are signaled to UEs [Intel, [11]]
With respect to the transmission BW of a PRS resource [Qualcomm, ]
· 	the bandwidth can be configured to be multiple of 4 PRBs, 
· 	Minimum BW of 24 PRBs
· the starting RB is defined in relation to the reference’s TRP common resource block #0 (CRB#0) on the common resource block grid (values ranging from 0 to 2169).
The granularity of the PRS BW configuration and starting PRB with respect to Point A is 1 RB [Ericsson, [16]].
RBG based granularity should be supported for new NR PRS [Samsung, [9]]

Proposal for discussion:
The following parameters describing DL PRS Resource are defined:
· Bandwidth of DL PRS Resource with PRB level of granularity
· Start PRB of DL PRS Resource defined relative to Point A
· Note: It is up to further discussion whether these parameters are defined at DL PRS Resource or DL PRS Resource Set level
The network provides the SFN initialization timing for each cell along with its PRS configuration in LPP. 

DL PRS Resource / Resource Set Repetitions
Support the following consecutive number of slots for NR PRS: {1,2,4,6} per beam direction, i.e. number of repetitions per PRS Resource. FFS, if the number of repetitions is the same for all PRS Resources within one PRS Resource Set [Noika, [6]]
It is proposed to indicate number of consecutive repetitions of DL PRS Resource Set allocation within single DL PRS occasion [Intel, [11]]
Each PRS resource is configured with a repetition factor N. The maximum value for N is left FFS. [Ericsson, [16]]
Each PRS resource can be repeated N times within one period.  [OPPO, [7]]

Proposal for discussion:
Support repetition factor Nrep for repetition of DL PRS Resource Sets [or DL PRS Resources]
· Nrep = 1, 2, 4, 6

DL PRS Resource Set Configuration
The following views were expressed with respect to the DL PRS Resource Set configuration:
Support configuration of the following parameters of the DL PRS resources in the DL PRS resource set have the common values [Huawei, [1]]
· Comb size N
· Number of symbols per DL PRS resources
· Number of Tx ports
· Transmission bandwidth and starting PRB with respect to Point A
· Numerology 
· Period
The point A of neighboring cells should be configured by LMF. The point A of DL PRS resource should be configured at DL PRS Resource Set level [vivo, [3]]
To apply same values of comb size-N, number of symbols, number of Tx Ports, transmission bandwidth and starting PRB with respect to Point A, and numerology for all Resources within a Resource Set. These parameters should belong to the configuration of a Resource Set. [Nokia, [6]]
· Comb size-N, 
· Number of symbols, 
· Number of Tx Ports, 
· Transmission bandwidth and starting PRB with respect to Point A, 
· Numerology
 A DL PRS resource set should be defined with at least following parameters [Samsung, [9]]
· Comb Size-N, 
· RE Offset in frequency domain,
· Number of symbols per DL PRS Resource.
The following parameters are per DL PRS Resource set, if they are agreed to be introduced [CATT, [10]]
· 	Number of Tx Ports (in case more than 1 Tx antenna port is supported)
· 	Power offset b/w DL PRS and SSB
· 	Transmission bandwidth and starting PRB with respect to Point A
· 	Numerology
The following parameters describing DL PRS Resource are defined at DL PRS Resource Set level or above [Intel, [11]]:
· Resource Element Offset in Frequency Domain
· Bandwidth of DL PRS Resource
· Start PRB of DL PRS Resource
· Comb-N Size of DL PRS Resource
· Number of symbols per DL PRS Resource
· Periodicity of DL PRS Resource Allocation
· Numerology of DL PRS Resource (Subcarrier Spacing and Cyclic Prefix)
DL PRS Resource Set is described at least by the following attributes [Intel, [11]]:
· Cell ID
· DL PRS Resource Set ID
· Time Offset of DL PRS Resource Set
· List of DL PRS Resource IDs
· Number of DL PRS Resource Set Repetitions
· Spatial Filter Indicator (Repetition On/Off)
· Muting Pattern(s)
Support of “repetition on/off” parameter is proposed in multiple contributions [LGE, Intel, MediaTek]

Proposal for discussion:
The following parameters describing DL PRS Resource are defined at DL PRS Resource Set level
· Resource Element offset in frequency domain
· Bandwidth of DL PRS Resource
· Start PRB of DL PRS Resource
· Comb-N Size of DL PRS Resource
· Number of symbols per DL PRS Resource
· Periodicity of DL PRS Resource allocation
· Numerology of DL PRS Resource (subcarrier spacing and cyclic prefix)
DL PRS Resource Set is described at least by the following additional parameters:
· Cell ID
· DL PRS Resource Set ID
· Time offset of DL PRS Resource Set
· List of DL PRS Resource IDs
· Number of DL PRS Resource Set repetitions
· Repetition On/Off (DL TX spatial filter indicator)
· Muting pattern(s)

DL PRS Transmission Periodicity
The following views were expressed with respect to DL PRS transmission periodicity:
Support the following alternative, “Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level”, i.e., common period is used for DL PRS resources within a DL PRS Resource Set.[Mitsubishi, [2]]
Periodicity of DL, PRS Resource is configured at DL PRS Resource level. [vivo, [3]]
Support Alt.1-Periodicity of Dl PRS resource is configured at DL PRS resource set level [ZTE, [5]]
Support Alt. 2 of prior agreement on DL PRS periodicity: Periodicity of DL PRS Resource is configured at DL PRS Resource level. [Nokia, [6]]
At least the following periodicities should be supported for NR PRS Resource Sets: {5, 10, 20, 40, 80, 160, 320, 640, 1280} slots. [Nokia, [6]]
Periodicity of DL PRS is configured per DL PRS resource set and slot offset is configured per DL PRS resource. [Oppo, [7]]
Support that “Periodicity of DL PRS Resource is configured at DL PRS Resource Set level” [Mediatek, [8]]
Proposal 2: Introduce a parameter PRS-ResourcePeriodicityAndOffset to represent the transmission periodicity and offset of PRS resources. The starting slot of the DL PRS is determined according to the PRS-ResourcePeriodicityAndOffset. [CATT, [10]]
· 	NR DL PRS should at least support the same transmission periodicities of CSI-RS, e.g., the periodicity of P={4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640} slots. In addition, NR DL PRS should support the periodicity of P={1280} slots as LTE PRS;
· 	NR DL PRS transmission offset can be configured in the range of {0, .., P-1} slots.
Support the following periodicity of DL PRS resource allocation [Intel, [11]]
· 15kHz SCS: {5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560} slots
· 30kHz SCS: {10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120} slots
· 60kHz SCS: {20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots
· 120kHz SCS: {40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 	All DL PRS Resources within DL PRS Resource Set have the same periodicity
· Periodicity , of DL PRS Resource Set is the same as periodicity of DL PRS occasion
Support Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level. [LGE, [12]]
· If need, “Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level” could be considered.
Support Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level [Sony, [13]]
· Common period is used for DL PRS resources within a DL PRS Resource Set
Periodicity is defined per PRS resource set, and slot offset is defined per PRS resource by reusing and enhancing the available IE CSI-ResourcePeriodicityAndOffset of NR Rel-15 with a periodicity of 1, 2, 1280, 2560, 5120, 10240 slots. [Qualcomm, [15]]
NR DL PRS Resource Set periodicities of P = {1, 5, 10, 20, 40, 80, 160, 320, 640, 1280} slots are supported. [BUPT, ZTE, CAICT [14]]
The PRS periodicity is configured per PRS resource [Ericsson, [16]]
{4, 8, 16, 32, 64}PRS periodicity can be defined based on the below table with a scaling factor K configured according to latency requirement, power consumption, numerology, etc. [Samsung, [9]]
	
PRS periodicity  
(slots)

	  K

	2K

	4K

	8K

	16K

	32K

	64K

	128K

	256K

	512K

	1024K

	2048K

	5096K

	Reserved 

	Reserved

	Reserved



Based on expressed views, several independent discussion aspects were identified:
1) Whether “Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level”, i.e., common period is used for DL PRS resources within a DL PRS Resource Set” or “Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level”. Majority of companies are in favor of the level of DL PRS Resource Set
2) Periodicity settings and whether to introduce additional periodicity values:
a. To be consistent with CSI-RS settings	 
b. In order to extend periodicity in ms for high SCSs

Proposal for discussion:
Periodicity of DL PRS allocation is configured at DL PRS Resource Set level. 
· i.e. all DL PRS Resources of a given set have the same periodicity
NR supports at least the following periodicity of DL PRS allocation P = {5, 10, 20, 40, 80, 160, 320, 640, 1280 } slots 
The following additional periodicities are defined {4, 8, 16, 32, 64} and {2560, 5120, 10240, 20480}

Power Offset b/w SSB & DL PRS
In this section, we summarize views on configuration of power offset b/w SSB and DL PRS 
Power offset between DL PRS and SSB should be part of DL PRS configuration [Huawei, [1]]
The linkage regarding power offset between DL PRS and SSB is not needed [MediaTek, [8]]
Power offset b/w DL PRS and SSB is a part of DL PRS Resource Set [CATT, [10]]
Define in the assistance data a EPRE power offset between a DL-PRS resource and a SSB block that the UE may assume for PRS processing. [Qualcomm, [15]]

Proposal for discussion:
Power offset between DL PRS and SSB is signaled to UE. Signaling details are up to RAN2 WG

DL PRS Sequence Initialization                                                                                                                                                                                                                                          
Companies provided the following views with respect to the DL PRS sequence initialization:
 should depend on the slot and symbol index. Support resource specific PRS [Mitsubishi, [2]]
The  value for DL PRS sequence generation should take the cell/TRP ID, CP type, slot/symbol number, beam information into account [vivo, [3]]
Consider time-varying encryption ID for PRS generation, or only support Cell-specific configuration. Define the PRS sequence generation seed as one of the following [ZTE, [5]]:
·  or 
· 
Different PRS resources within a PRS resource set should transmit correspondingly same sequences for detecting [ZTE, [5]]
The initialization of DL PRS sequence shall include slot number, OFDM symbol number, the ID associated with a DL PRS resource set and CP value [OPPO, [7]]
Consider the easy extension by modifying the seed generation equation for CSI-RS to support 4096 ID number for positioning purpose [MediaTek]:
, 
     Another consideration is to extend CSI-RS seed generation to support more ID number. The current ID number for CSI-RS is 0 to 1023.

For notational convenience, let
[image: ]
[image: ]
The CSI-RS seed generation can then be re-written as, 
[image: ]
 An offset should be added in order to avoid overlapping on the seed value for ID index >= 1024. Now we have,
[image: ]
[image: ]
[image: ]
The offset can be given by
[image: ]
Through the simulation, a= 229 is feasible.

cinit value should depend on slot number, OFDM symbol number, cell ID, CP and PRS resource ID [Samsung, [9]]
The pseudo-random sequence generator for DL PRS shall be initialized with follows [CATT, [10]]

where   is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID, where  and 
Support 8192 DL PRS Sequence IDs [CATT, [10]]
Keep 4096 as a number of sequences for NR Positioning [Intel, [11]]
Apply the same cinit values for DL PRS Resources with different or similar DL TX spatial filter within DL PRS Resource Set [Intel, [11]]
For   initialization, apply equation as follows [Intel]:

Consider the introduction of different sequence initialization values for a PRS resource transmitted from different TPs, since it is difficult to use all of the independent PRS resources between many TPs [LGE]
NR should consider a new DL PRS sequence generation mechanism to improve the auto-correlation performance of PRS [BUPT, ZTE, CAICT]
The initial value of the PRS sequence should take the cell/TRP ID, CP type, slot/symbol number, beam ID into account. Support 4096 as the number of DL PRS Sequences [BUPT, ZTE, CAICT]
Use the following c_init formula for scrambling initialization at the start of each OFDM symbol [Qualcomm]:

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.
We propose that Zadoff-Chu sequences should be considered, as an alternative to Gold sequences in combination with cyclic shifts [Ericsson]
· Such PRS use 12 free bits for different sequence ID () combinations. The symbol counter parameters are contained in 7( + 1) + l + 1, which occupy 8 bits in total and ranges from 8 to 147. 
· An alternative to the normal CP LTE PRS used e.g. for 15 kHz SCS NR could be:
· 
· where the symbol counter t depends on ns and l and ranges from 8 to 147. 

Considering that different options for DL PRS sequence initialization are proposed by companies, we suggest to continue discussion on DL PRS sequence initialization () together with details of DL PRS resource allocation and UE TX/RX beam sweeping behavior.

Proposal for discussion:
  is a function of PRS sequence ID, slot index and symbol index
· FFS other parameters
FFS whether different sequences are used for transmission on DL PRS resources with the same or different DL TX spatial filter
Note: companies are encouraged to work offline to harmonize proposals for initialization of   

Number of DL PRS Sequences
At the previous meetings, at least 4096 sequences were agreed for DL PRS transmission. For RAN1#98, additional contributions were submitted with the following views expressed:
Support 8192 DL PRS Sequence IDs [CATT, [10]]
PRS sequence generation should consider potential resource sharing with CSI-RS from network perspective. Support PRS scrambling ID with 12 bits [Huawei, [1]]
Support 4096 as the number of DL PRS Sequences. [BUPT, ZTE, CAICT, [14]]
Consider the easy extension by modifying the seed generation equation for CSI-RS to support 4096 ID number for positioning purpose [Mediatek, [8]]
Keep 4096 as a number of sequences for NR Positioning [Intel, [11]]
 is higher layer configured for each PRS resource with a size of 16 bits [Qualcomm, [15]]

Proposal for discussion:
Number of DL PRS sequence IDs is 4096

[bookmark: _Ref8493812]RE Offset for DL PRS
DL PRS resource element mapping pattern was discussed in multiple contributions. The following sub-bullets represent views from multiple companies:
Mapping of at least comb-N PRS pattern for N symbols should be supported. Support staggered patterns (a collection of PRS symbols from the same antenna port with different vertical frequency offsets for at least some symbols) in a single PRS resource. Support RB-level comb pattern for PRS [Mitsubishi, [2]]
Support PRS patterns constructed with repetition of basic patterns. Non-staggered DL PRS pattern is not supported. Support configuring RE offset to form a staggered PRS pattern by defining a RE offset as the relative offset in frequency domain between PRS REs on two adjacent PRS symbols in a PRS resource. RE offset value is configurable from a set including all integers which are factor of and smaller than the Comb size. The configured number of symbols for PRS resource should not be less than a value which is equal to Comb size divided by the RE offset. [vivo, [3]]
DL PRS RE mapping should support a staggered pattern with: The value of v_shift changes by a constant value (e.g., 1) from DL PRS symbol to DL PRS symbol within a DL PRS resource. [Nokia, [6]]
One frequency offset parameter is included in a DL PRS Resource. The frequency offsets of the PRS REs in the OFDM symbols of a DL PRS Resource are derived based on the frequency offset parameter together with the OFDM symbol index in a slot. [CATT, [10]]
Resource element offset in frequency domain depends on configured number of symbols and comb-size N configured per resource varies depending on symbol index of DL PRS Resources varies. For DL PRS adopt resource element patterns provided by Table 2 illustrated by Figure 6 in [Intel, [11]]
Not support the non-staggered RE patterns for a NR PRS resource. Support a single frequency RE offset (Comb-offset) value for a NR PRS resource. E.g., the single offset value can be the frequency RE offset of the first OFDM symbol of a PRS resource, and offset(s) for other symbols could be defined based on the indicated single RE offset. [LGE, [12]]
One RE Offset in frequency domain is provided per PRS resource which applies to the first symbol of the PRS resource occasion, and the remaining symbols are deterministically chosen from a predefined sequence. FFS: the deterministic sequence of offsets [Qualcomm, [15]]
One frequency offset is used for a PRS resource and applied to the comb pattern for each symbol. [Ericsson, [16]]

Proposal for discussion:
One RE Offset in frequency domain is provided per PRS resource, which applies to the first symbol of the PRS resource.
RE Offset on remaining symbols of DL PRS Resource is a function of RE offset for the first symbol of DL PRS Resource:
· 
·  – is the configured RE offset for the first symbol of DL PRS Resource
·  – is the symbol index of DL PRS Resource
· – Comb size N 
·  – number of DL PRS Resource symbols

DL PRS TX Schedule
Indicate PRS schedule with active PRS resource bit string and PRS resource set muting string [ZTE, [5]]
NR DL PRS transmission schedule supports predefined hopping of TRP transmissions across orthogonal resources of DL PRS occasions, e.g. hopping of DL PRS Resource Sets across orthogonal resources of DL PRS occasions [Intel, [11]]

Proposal for discussion:
NR supports predefined hopping of DL PRS transmissions across orthogonal resources of DL PRS occasions
· FFS details

DL PRS Muting
Support of DL PRS muting was agreed at the RAN1#96bis with design details left open for further discussion. The following views were expressed by companies in submitted contributions:
Support PRS muting configuration [Huawei, [1]]
· At least per PRS resource set
· FFS per PRS resource, or per TP,
· With the indication granularity of per PRS occasion group and per PRS occasion.
PRS Muting pattern should be configured at resource set level [Mitsubishi, [2]]
Slot level granularity for PRS muting patterns should be supported [Mitsubishi, [2]]
Indicate PRS schedule with active PRS resource bit string and PRS resource set muting string [ZTE, [5]]
PRS Muting is configured per DL PRS resource and Muting is configured in DL PRS period-level, frequency-domain resource allocation-level, slot repetition-level within one period and symbol-level within one DL PRS resource [OPPO, [7]]
PRS Muting should only be supported in a pre-defined manner and its configuration should depend on comb pattern. Frequency domain muting should also be supported [Samsung, [9]]
RB-level muting in the frequency domain [Mitsubishi Electric, [2]]
NR should consider introducing the muting for the DL PRS transmission. The PRS muting patterns should take the multibeam transmission of the DL PRS signals into consideration [CATT, [10]]
· Muting configurations can be supported in different levels, including 1) at the level of PRS occasion groups; 2) at the level of  PRS occasions; 3) at the level of PRS resource sets, and 4) at the level of PRS resources [CATT, [10]]
NR supports DL PRS muting at the DL PRS Resource Set (i.e. TRP) level. DL PRS Resource Set is configured with bitmap pattern that indicates muting of DL PRS Resource Set across DL PRS occasions and DL PRS Resource Set repetitions [Intel, [11]]
· NR supports random DL PRS Resource Set muting across sets of PRS occasions [Intel, [11]]
Decide one or more of the PRS muting unit/level among PRS resource, PRS resource set, and TP [LGE, [12]]
A PRS resource set with N_resources resources can be configured with up to N_muting T_rep-bit muting pattern(s) where each bit of the sequence controls whether a corresponding occasion of an associated muting group of the N_muting muting groups of the PRS resources of the set is muted or not [Qualcomm, [15]]
· 	N_muting=1 is supported (i.e., all PRS resources of the set have the same muting pattern)
· 	FFS: other values of N_muting 
· 	T_rep=[2,4,8,16] is supported 
· 	FFS: other values of T_rep
· 	Note: It shall be possible to configure the same N_muting  muting pattern(s) for all PRS resource sets of a gNB even if they have different periodicities.
· 	FFS: Further ways to reduce the configuration overhead (e.g., cyclic shifted muting patterns, permutation-based muting patterns, randomized muting patterns). 
Each PRS resource is configured with a muting pattern. The muting pattern is defined by a bitstring combined with a ‘muting pattern aggregation number’ Nmuting. Each bit in the bitstring is repeated Nmuting times to create the muting pattern. The whole muting pattern is then itself repeated as many times as needed to cover a SF [Ericsson, [16]]

Proposal for discussion:
DL PRS muting is controlled by pre-configured bitmap pattern(s) of length N = {2, 4, 8, 16}, repeated within SFN cycle
· 	the position of the n-th bit set to ‘0’ indicates muting on the k-th DL PRS occasion (mod(k, N) = n)
· FFS support of randomized muting patterns
DL PRS muting is supported at least at DL PRS Resource Set level (i.e. transmissions on all DL PRS Resources of a given DL PRS Resource Set in a given DL PRS occasion are muted) 
· FFS support of muting at DL PRS Resource level

DL PRS Multiplexing with NR Signals / Channels
The following views on DL PRS Multiplexing with other NR physical signals / channels were expressed in submitted contributions:
The PRS from a cell is not mapped to RBs containing SSB/PDCCH/PDSCH from the same cell. UE shall assume that PRS from a cell is mapped to RBs containing SSB/PDCCH/PDSCH from a different cell. The network provides information about SSB and resources occupied by broadcast PDSCH/PDCCH along with the PRS configuration of a cell by LPP. [Huawei, [1]]
DL PRS is not mapped to any RB that contains SS/PBCH [vivo, [3]]
The design of nominal PRS resources locations should consider avoiding overlap with SSB [ZTE, [5]]
NW shall configure the SS/PBCH and DL PRS so that they do not have collided REs in each cell [OPPO, [7]]
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, [9]]
UE is not expected to measure SSB at the configured DL PRS resources.[CATT, [10]]
DL PRS transmissions are multiplexed in time with other DL reference signals / channels [Intel, [11]].
UE shall not expect to be configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET
UE is not configured to receive DL PRS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted
NR should consider that NR DL PRS can share resource with data service RBs to reduce the overhead. [BUPT, ZTE, CAICT, [14]]
With regards to DL PRS multiplexing with other NR signals/channels [Qualcomm, [15]]
· 	If 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 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 colliding symbols.
· 	For a PRS collision with a PDSCH from a TRP intented for URLLC traffic, the UE assumes that the PRS shall not be mapped on the colliding symbols.
· 	Study further mechanisms for the UE to be informed when such collisions are occurring. 
PRS configuration should support coexistence with SSB and CORESETs. How to achieve coexistence is FFS [Ericsson, [16]]
It seems there is no common view / understanding on multiplexing of DL PRS and other NR signals /channels. In addition, many proposals are not in line with the previous agreement made by RAN1
	RAN1 # AdHoc - 1901
· Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details
· Dedicated NR DL PRS resources - time-frequency grid at resource block level 
· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded



Proposal for discussion:
UE shall not expect to be configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET
UE is not configured to receive DL PRS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted

Use of Legacy RS/CSI-RS for NR Positioning
In this section, discussion on the use of legacy RS for NR Positioning is provided
PRS sequence generation should consider potential resource sharing with CSI-RS from network perspective [Huawei, [1]]
NR should consider TRS as an assistance for positioning [BUPT, ZTE, CAICT [[14]]]
Use legacy Rel-15 RS as supplementary to NR PRS. [ZTE, [5]]
Using existing CSI-RS/TRS for NR positioning should be supported as a baseline and the new PRS can be configured when necessary [Samsung, [9]]
NR supports the NR PRS design based on the existing framework of the NR CSI-RS with modification and enhancement on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset, and allowing the configuration the orthogonal CSI-RS resources transmitted from the neighbouring cells from the purpose of PRS muting and interference avoidance [CATT, [10]]
It is up to the UE to use the legacy signals (SSB, CSI-RS, TRS) for positioning purpose [Sony, [13]]
Allow configuring CSI-RS resources as PRS resources, including new staggering patterns for such CSI-RS resources, and allow configuring certain SSBs as PRS resources. [Qualcomm, [15]]
· 	The periodicity of the SSBs serving as PRS may span multiple SSB periods
· 	E.g., Configuring multiple TRS sets with the same port across sets and different shifts (“Extended” TRS).
TRS based positioning shall be supported in NR. PRS resources should come in different categories such as e.g. ‘Staggered Comb’ and ‘TRS’, and some of the parameters defining a certain signal should be specific to the PRS resource category. [Ericsson, [16]]
[bookmark: _Hlk7698146]
Proposal for discussion:
Discuss use of legacy RS for NR positioning in agenda item dedicated to NR UE measurements.

DL PRS Quasi-Collocation
Multiple companies commented on quasi-collocation signaling for DL PRS design:
For serving cell, dSSB and CSI-RS can be configured as QCL source for DL PRS, while for neighbor cell, only SSB can be configured as QCL source for DL PRS [OPPO, [7]]
DL PRS can be  configured to be QCLed with SSB or CSI-RS or DL PRS of the serving cell or neighboring cells [vivo, [3]]
Only indicate QCL information related to target UE’s RRM measurements. QCL type is not needed for PRS [ZTE, [5]]
QCL RS for a DL PRS Resource can be either a CSI-RS or SSB. [CATT, [10]]
DL PRS can be configured as QCL with other RS, and which RS will be used should be specified [BUPT, ZTE, CAICT, [4]]
With regards to QCL Type-D relation of a DL PRS resource, support QCL Type-D from the following DL reference signals from a serving or neighboring TRP: An SSB, a PRS resource [Qualcomm, [15]]
With regards to QCL relations beyond Type-D of a DL PRS resource [Qualcomm, [15]]
· 	support the following options from a serving or neighboring TRP:
· 	From an SSB
· 	'QCL-TypeC': {Doppler shift, average delay} 
· 	From a DL PRS resource
· 	'QCL-TypeC': {Doppler shift, average delay} 
· 	'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread} 

Based on views expressed in contributions, we have following proposal: 

Proposal for discussion:
DL PRS Resource supports QCL Type-D relation from a serving or neighboring TRPs with SSBs, and DL PRS Resources
DL PRS Resource supports the following QCL-Types from a serving or neighboring TRPs:
· 	SSB: 'QCL-TypeC': {Doppler shift, average delay} 
· DL PRS Resource:	'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread} 
· DL PRS Resource:	'QCL-TypeC': {Doppler shift, average delay}

Comb-N Values per DL PRS Resource 
The following views were expressed regarding configuration of additional Comb-N values per DL PRS Resource:
Support 12 as the set of comb values for PRS. Send an LS to RAN4 regarding the PRS power boosting [Huawei, [1]]
In addition to {2, 4, 6}, support comb 12 [Mitsubishi, [2]]
DL PRS Resource comb-N value is configurable from the set {2, 4, 6, 12} [vivo, [3]]
Comb-12 shall be supported in addition to Comb-2/4/6 [OPPO, [7]]
Comb-12 structure for downlink is not preferred, comb-8 structure for downlink can be considered [MediaTek, [8]]
Comb-3 and Comb-12 should be supported for new NR PRS [Samsung, [9]]
Add the support of DL PRS resource mapping patterns of comb-1 and comb-12 [CATT, [10]]
The Comb-1 pattern should be supported in NR for a selection pattern [BUPT, ZTE, CAICT, [14]]
Comb-N pattern with values N = 1 and N > 6 to be supported also in addition to N={2,4,6} [Qualcomm, [15]]
The PRS Resource Comb-N value can be configured to 1 and 12 in addition to the already agreed values 2, 4 and 6 [Ericsson, [16]]
Don’t support comb-N values {1, 8, 12} for the DL-PRS [Nokia, [6]]
Do not introduce additional Comb-N values [Intel, [11]]

Majority of companies expressed views to support additional Comb-N value 12, while some companies also expressed interest in supporting value 1. Three companies prefer to not introduce additional changes. Based on majority view, the following is proposed:

Proposal for discussion:
Support 12 as one of the Comb-N values for DL PRS transmission

Number of Symbols per DL PRS Resource
With respect to number of symbols per DL PRS Resource, the following views were expressed by companies:
Support {1, 3, 12} as the number of symbols for DL PRS resource [Huawei, [1]]
In addition to {2, 4, 6}, support 12 as the number of configurable symbols for PRS [Mitsubishi, [2]]
Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6, 12} [vivo, [3]]
8 and 12 number of symbols for DL PRS resource can also be supported [MediaTek, [8]]
Support configuration of 12 symbols per DL PRS Resource [Intel, [11]]
Introduce the option of a 12-symbol PRS resource in a slot [Qualcomm, [15]]
Number of symbols for DL PRS Resource is configurable from the following set {1, 2, 3, 4, 6, 12} [Ericsson, [16]]
The number of symbols per PRS resource should be no more than 6 [ZTE, [5]]
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, [6]]

Majority of companies are in favor to support 12 symbols per DL PRS Resource. At least two companies prefer not to introduce 12 symbols per DL PRS Resource.

Proposal for discussion:
NR Positioning supports configuration of 12 symbols per DL PRS Resource

Number of DL PRS Resources \ DL PRS Resource Sets 
The following views were expressed with respect to number of DL PRS Resources Sets and number of DL PRS Resources per DL PRS Resource set:
PRS resource set length and maximum number of PRS resources per set should be same as SSB burst in each numerology.[ZTE, [5]]
Support up to X PRS resource sets per TP, and X=3 as a starting point [Huawei, [11]]
The maximum number of resources per set is 64 considering the maximum number of SSB. Further discussion should be taken to consider the maximum number of sets, and PRS positioning occasion. [CATT, [10]]

Proposal for discussion:
1. Maximum number of DL PRS Resources Sets per TRP ≤ 3
1. Maximum number of DL PRS Resources per DL PRS Resource Set ≤ 64
2. FFS dependence on numerology


Number of DL PRS Antenna Ports
Multiple contributions proposed support of two antenna ports for DL PRS transmission, while many companies expressed the view that one port per PRS resource is sufficient for Rel-16. 
Support number of Tx Ports as a parameter for DL PRS resource configuration. Support 2-port PRS resource configuration by LPP. [Huawei, [[1]]]
NR should support the multiple antenna ports transmission of NR DL PRS. [BUPT, ZTE, CAICT [4]]
NR DL-PRS supports a cross-polarization configuration. FFS: specification impacts.  [Nokia, [6]]
Support PRS transmission through two antenna ports, at least for the on-demand mode [Mediatek, [8]]
Two antenna ports can be supported for UE-specific DL PRS transmission [Sony,[13]]
The following companies oppose 2-porsPRS 
No need to support more than one DL PRS Tx antenna port. [CATT, [10]]
Only one antenna port per DL PRS resource is supported. [vivo, [3]]
DL PRS transmission does not support 2 antenna ports. [Oppo, [7]]
Single antenna port is sufficient for PRS signal and multiple antenna ports should not be supported.  [Samsung, [9]]
Only 1 port per PRS resource is defined in NR Rel-16 specification [Qualcomm, [15]].

Based on review of contributions, the diverse views are expressed and lack of consensus to support two port DL PRS transmission can be reported. Therefore, we have following proposal:

Proposal for discussion:
Two port DL PRS transmission per DL PRS Resource is not supported in Rel.16.

Cyclic Shift for DL PRS 
One company has expressed view on support cyclic shift and ZC sequences for the DL PRS transmission:
Support cyclic shifts αm=2π∙mM  with m=0,1,2,…,M-1 and with the maximum number of cyclic shifts M configurable as 1, 12, 24, 48 or 96 [Ericsson, [16]]
Considering that only one company proposed cyclic shift for DL PRS, it seems more analysis is needed to conclude.

Proposal for discussion:
Cyclic shift for DL PRS design is not supported in Rel.16.

New DL PRS Sequence Design
The following views were expressed with respect to DL PRS sequence design. These proposals are 
NR should consider a new DL PRS sequence generation mechanism to improve the auto-correlation performance of PRS [BUPT, ZTE, CAICT, [14]]
We propose that Zadoff-Chu sequences should be considered, as an alternative to Gold sequences in combination with cyclic shifts [Ericsson, [16]]

Proposal for discussion:
Additional DL PRS sequence design defined on top of Gold sequence is not supported in Rel.16


Type of Configuration Signalling for DL PRS
The following views were expressed with respect to type of configuration signaling for DL PRS:
UE specific configuration should be supported in NR PRS design [Samsung, [12]]
The configuration for the transmission of the DL PRS of a cell from gNB to the LMF should be cell-specific. However, it should not prevent the LMF from providing different information about the configuration of DL PRS transmission to different UEs [CATT, [10]]
In FR1 DL-PRS configuration is cell-specific. In FR2 UE-specific on-demand DL-PRS can complement cell-specific DL-PRS. For on-demand DL-PRS, additional information should be used to compensate for different time of departure caused by beam sweeping [Nokia, [8]].
Support on-demand resource allocation for PRS. A trigger from UE to initiate positioning process should be supported, i.e., UE can directly request gNB for PRS transmission. [Mitsubishi, [2]]

Proposal for discussion:
1. Signaling details for NR Positioning are to be decided by RAN2 WG

 Other Aspects
The following additional aspects were raised by companies with respect to other DL PRS design aspects:
On DL PRS TX power / boosting => RAN1 need to finalize certain details of physical layer design before sending LS
· 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, [9]]

On inter RAT RSTD measurements based on an LTE PRS => continue discussion in RAN1 and proceed with LS if the need is identified
· RAN1 to send LS to RAN4 and RAN2 asking RAN4 to define requirements for inter RAT RSTD measurements based on an LTE PRS transmitted within the bandwidth of the NR cell serving the UE, i.e. for LTE-NR spectrum sharing scenarios. RAN2 should be asked to specify related UE capabilities and any other required signaling. [Ericsson, [16]]

On DL PRS relationship with DL BWPs => DL BWPs and DL PRS relationship was discussed in agenda item on NR Positioning procedures. Seems no additional change is needed
· The following PRS configurations should be supported if a measurement gap is configured [Samsung, [12]]
· Alt1: PRS measurement is configured in a common BWP containing SSB;
· Alt2: PRS measurement is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.

PRS designs for non-slots was proposed in [Mitsubishi, [2]] 
· =>Such design is not considered by other companies

Sub symbol level beam sweeping is supported for DL PRS [Mitsubishi, [2]]
· 	=> It seems not precluded for UE implementation in current design

UE-specific DL PRS resource bandwidth is supported [vivo,[3]]
· UE may decide to process subset of allocated DL PRS bandwidth. Seems no additional functionality is needed
Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning. [Nokia, [6]]
· Motivation for this scenario is not clear


Conclusions
In this contribution, we have provided overview of different DL PRS design aspects based on review of the submitted contributions [1]-[16]. In addition, tentative proposals have been made to facilitate discussion during the RAN WG1 meeting week.
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