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1 Introduction
In the last meeting (RAN1#98 Bis), the following agreements were made with regards to the DL reference signals for positioning: 

	Agreement:
· Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of [2176] PRBs.
· 4 PRB granularity is used for DL PRS BW configuration
· Maximum BW for DL PRS in PRBs does not exceed 272 PRBs
· Minimum BW for DL PRS in PRBs is not less than 24 PRBs

Agreement:
The DL-PRS-Point A can take values given by ARFCN-ValueNR

Agreement:
· Rename “frequency layer” to “positioning frequency layer” in previous agreements for positioning in Rel-16
· In the agreements made in RAN1 related to NR positioning, a “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have
· the same SCS and CP type
· the same centre frequency
· the same point-A (already agreed)
· FFS: details on configured BW

Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}
· FFS: other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS
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Agreement:
· Parameter DL-PRS-ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set
· Values: 1, 2, 4, 6, 8, 16, 32
· Parameter DL-PRS-ResourceTimeGap is configured for a DL-PRS Resource Set
· DL-PRS-ResourceTimeGap indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set 
· DL-PRS-ResourceTimeGap is provided only if DL-PRS-ResourceRepetitionFactor is configured and is greater than 1
· Values: 1, 2, 4, 8, 16, 32
· The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity 
· Note: UE RX beam sweeping is up to UE implementation


Agreement:
A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.
· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap
· Option 2: 
· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)
· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.
· Bitmap size values: 2, 4, 8, 16, 32 bits
· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE

Agreement:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID

Agreement:
· DL PRS Resource IDs are locally defined within DL PRS Resource Set
· DL PRS Resource Set IDs are locally defined within TRP
· All DL PRS Resources of the DL PRS Resource Set have the same bandwidth
· A higher layer parameter, DL-PRS-SFN0-Offset, is configured
· Defines time offset of the SFN0 slot 0 for given TRP with respect to SFN0 slot 0 of FFS for RAN2 WG 1) serving TRP or 2) serving cell 3) etc.
· FFS values
· A higher layer parameter, DL-PRS-ResourceSetSlotOffset, is configured
· Defines slot offset with respect to SFN slot 0 for a TRP where DL PRS Resource Set is configured (i.e. slot where the first DL PRS Resource of DL PRS Resource Set occurs)
· Values: {0,1,…, DL-PRS-Periodicity-1}
· The previously defined higher layer parameter, DL-PRS-RstdReferenceInfo, is used as a reference to determine the higher layer parameters, DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty



In this paper, we present our views on the remaining issues on DL Reference Signals for positioning purposes in NR Rel-16.
2 Definition of “Frequency Layer” for PRS resources
A precendent that is highly related to the concept of frequency layer which also needs to be clarified in NR positioning is the frequency layer definition of CSI-RS for RRM:
	Agreement:
· Rename “frequency layer” to “positioning frequency layer” in previous agreements for positioning in Rel-16
· In the agreements made in RAN1 related to NR positioning, a “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have
· the same SCS and CP type
· the same centre frequency
· the same point-A (already agreed)
· FFS: details on configured BW



Even though our preference is for all the PRS resources inside a frequency layer to have the same bandwidth, we acknowledge that there are cases for which having the flexibility to configure higher bandwidth for some TRPs would be useful. Therefore, we make the following proposal:
[bookmark: _Hlk24115554]Proposal 1: 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.
3 [bookmark: _Ref534377022][bookmark: _Ref1129439]Periodicity 
The following agreement was achieved previous meeting regarding the periodicity configuration and the relation to PRS resource set. 
	Agreement:
Periodicity of DL PRS allocation is configured per DL PRS Resource Set
· i.e. all DL PRS Resources of a given set have the same periodicity
Multiple DL PRS Resource Sets can be configured per TRP
· FFS how many DL PRS Resources Sets can be configured per TRP
The following periodicity values for periodicity of DL PRS allocation are supported
· P = {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 20480 is not supported for an SCS of 15 kHz
· FFS: Further restrictions on values applicable to different SCS



Having low periodicity of PRS resources would only be related to very specific deployment scenarios and would increase the complexity at the UE side. In LTE, such cases were introduced in later releases to support specific features, like TBS. We propose to have a separate capability for such cases, e.g., for any PRS periodicity less than 160 msec.
[bookmark: _Hlk24115561]Proposal 2: 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. 
4 PRS resource length within a slot
	Agreement:
· Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 3, 8, 12}

Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}
· FFS: other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS
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Coherent averaging across symbols inside a PRS resource is an important way of increasing the coverage of the DL PRS. Another way is to have a relatively large occasion length of consecutive slots where the same PRS resource is transmitted. However, keeping coherency across symbols may not be an easy task for both the gNB and the UE, especially when a Tx/Rx switch is involved. Therefore, having the option of a longer PRS resource within a slot (e.g. a 12-symbol PRS resource) as it exists for SRS for positioning would be preferable without introducing additional comb sizes. The pattern of the PRS resource could be just a repetition of the comb-N/N-symbol pattern. 
[bookmark: _Hlk24115565][bookmark: _Hlk16843030]Proposal 3: With respect to the relation between the comb-type (N) and number of symbols (M) in a PRS resource 
· A comb-N pattern is only applied for a M-symbol PRS resource with N<=M
· Consider supporting M=12 also.
5 [bookmark: _Hlk534813738][bookmark: _Hlk16843049]PRS repetition
The following agreement was achieved regarding PRS resource repetition
	Agreement:
· Parameter DL-PRS-ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set
· Values: 1, 2, 4, 6, 8, 16, 32
· Parameter DL-PRS-ResourceTimeGap is configured for a DL-PRS Resource Set
· DL-PRS-ResourceTimeGap indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set 
· DL-PRS-ResourceTimeGap is provided only if DL-PRS-ResourceRepetitionFactor is configured and is greater than 1
· Values: 1, 2, 4, 8, 16, 32
· The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity 
· Note: UE RX beam sweeping is up to UE implementation



In TDD, there are several typical frame structures which are repeating every 5 slots, e.g., DDDSU as an example. In this case, if we want to ensure that a DL PRS resource is configured on a D slot, and also is repeated always on a D slot, we should add the option of a repetition Time gap of 5. 

[bookmark: _Hlk24115569]Proposal 4: 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). 
6 PRS resource offset
[bookmark: _Hlk23542231]The high layer parameter DL-PRS-ResourceSlotOffset points to starting slot of DL PRS Resource with respect to corresponding DL-PRS-ResourceSetSlotOffset and takes the values {0,1, …., MaxResourceOffsetValue} where the latter value is for further study.
The reasoning behind defining the PRS resource offset with respect to the PRS resource set offset is to provide a level of time-domain “burstiness” into the nature of a PRS resource set. In other words, if a PRS resource set has a periodicity of 160 msec, it would not make sense to have some of the PRS resouces of the set at the beginning of that interval, some in the middle and some in the end. This is because, a PRS resource set is supposed to be a collection of PRS resources where each one corresponds to potentially a different Tx beam, which the UE is expected to measure and potentially combine across the PRS resources. 
[bookmark: _Hlk23540917]Ideally, all measurements that go into generating a position fix should be made concurrently. However, this is not realistic especially in FR2 where each TRP may be transmitting mutlipel beams. 
For example, lets consider a case where each TRP has 64 Tx beams (i.e., a PRS resource set has 64 PRS resources), and each PRS resource spans 2 or 6 OFDM symbols. Since the UE is required to perform UE Rx sweeping (by implementation) during these PRS resources, the TRP configures a repetition factor of 4 with 50% muting (each TRP is transmitting in 2 of the 4 repetitions, during which the UE may try 2 Rx beams). 
· For the case of comb2/2ysmbol, if we assume that within a DDDSU frame structure we can accommodate 6 resources with repetition 4 per TRP (which requires a total 12 symbols of DL for each of the DDDS slots), we would require a total of (64/6)*(5*0.125) = 6.67 msec. 
· For the case of comb6/6ysmbol, if we assume that within a DDDSU frame structure we can accommodate 2 resources with repetition 4 (which requires a total 12 symbols of DL for each of the DDDS slots), we would require a total of (64/2)*(5*0.125) = 20 msec. 
It should be acknowledged that the specification supports a repetition up to 32, and it may support up to 64 PRS resources per set. Assuming we could only pack 2 resources per slot (e.g. comb6/6symbol), it would appear as if it is possible to have a PRS resource set spanning over 32*32=1024 slots, which in FR2 would correspond to PRS resources of a set spanning over 128 msec. However, such configuration would not make sense neither from overhead perspective (128-msec long of a PRS instance every, for example, 160 msec), nor from buffering perspective at the UE. 
[image: ]
[bookmark: _Hlk24115634]Proposal 5: Suppport a MaxResourceOffsetValue of 320, which corresponds to a maximum span of 40 msec for 120 KHz SCS
· 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. 
7 PRS Muting 
[bookmark: _Hlk534903216][bookmark: _Ref534727714][bookmark: _Hlk7698158]PRS muting is referred to as the “zero power” transmission of certain PRSs which is performed to ensure that a UE would be able to detect weak PRS signals from neighbour base stations. 
	Agreement:
A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.
· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap
· Option 2: 
· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)
· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.
· Bitmap size values: 2, 4, 8, 16, 32 bits
· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE



Based on the above, we observe that, for the one bitmap that is provided, the same muting pattern would be repeated across time for both Options. Specifically, 
· For Option 1, after the N instances, the muting shall be repeated, so the same interference between colliding TRPs shall be observed
· For Option 2, within each instance, the same interference between colliding TRPs shall be observed.
We propose to introduce the option of a simple interference randomization, e.g., 
· cyclic shifting the muting bitmap by a fixed amount, after N instances for Option 1, or after each instance for option 2. 
[bookmark: _Hlk15573614][bookmark: _Hlk24115638]Proposal 6: 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. 
8 PRS sequence Initialization 
The TOA measurements performed by a TRP must be uniquely associated to its TP. In Rel-14 LTE DL PRS, this association is achieved via the PRS-ID which determines the frequency pattern of the PRS signal as well as the pseudo-random code sequence [12]. A range of 4096 PRS-IDs (corresponding to a log2(4096)=12-bit PRS-ID) is available in LTE. A sufficiently large range of signal IDs is required in dense network deployments. Historically, remote radio heads, distributed antennas and repeaters contributed to the TRP ambiguity problem.  This issue gets magnified since multiple concurrent antenna beams may be formed by massive MIMO arrays. For example, with 16 concurrent beams, it is then useful to include log2(16)=4 additional bits for PRS-ID, resulting in a 16-bit PRS-ID. 
The following agreements were made regarding PRS sequence initialization and number of bits of sequence IDs.
	Agreement:
Number of DL PRS Sequence IDs is at least 4096

Agreement:
· DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1
· FFS: cinit value for DL PRS
· QPSK modulation is used for the DL PRS signal transmitted using CP-OFDM
· FFS: Whether a DL PRS sequence generated using a different mechanism is also specified



It was for further study to identify the cinit value for DL PRS. To do so, we start from the NR Rel-15 cinit functions of others related PHY channels, the DMRS and the CSIRS:
	PHY Channel
	Number of bits 
	formula

	PDSCH DM-RS
	16 bits
	


	PDCCH DM-RS
	16 bits
	

	CSI-RS
	10 bits
	



By observing the above formulas, we make the following observations:
· There is always a product between a symbol counter within the frame and the scrambling ID. Such an approach has been known from LTE studies to provide better cross-correlation than just adding the scrambling ID with the symbol counter. 
· There is always an affine term added as the LSBs of the cinit which depends on the configured scrambling ID. 

[bookmark: _Hlk7698165][bookmark: _Hlk21083231]Proposal 7:  Use the following  formula for scrambling initialization at the start of each OFDM symbol:

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.

The above proposal is the most direct extension of the existing cinit formulas to support a 16-bit PRS scrambling-ID. It can also be verified that this formula, like the other formulas for existing channels, results in a unique cinit for each triplet (,   , ).
9 DL PRS Multiplexing with NR Signals / Channels 
The following constraints existed in LTE with regards to the interaction of positioning reference signals and other channels: 
· 

[bookmark: _Hlk15642907]From 36.211: “The positioning reference signals shall not be mapped to resource elements  allocated to the core part of the PBCH, PSS or SSS regardless of their antenna port .”
· From 36.213: “A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended for the UE.”
Wth regards to the collision of a PRS with an SSB block, in LTE, a frequency-domain hole would be occuring in the configured PRS, effectively in the PRB level domain, whenever there is collision of the configuration of a PRS with the SSB block from the serving TRP. However, such scenario was never deployed in practice, and its usefulness needs to be further justified. Such PRB level puncturing of a RS does not exist in NR Rel-15 until now. 
In NR, URLLC traffic is an important aspect of the unique features that are being optimized for  NR Rel-16. Collision of PRS (from serving or neighboring TRP) to PDSCH transmitted with very tight latency constraints is a likely event that needs to be given a special treatment.  
[bookmark: _Hlk16843092][bookmark: _Hlk24115651]Proposal 8: With regards to DL PRS multiplexing with other NR signals/channels:
· [bookmark: _Hlk21013086]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.
· 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 OFDM symbols.
10 Conclusion 
In this contribution, we make the following observations and proposals
Proposal 1: 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.
Proposal 2: 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. 
Proposal 3: With respect to the relation between the comb-type (N) and number of symbols (M) in a PRS resource 
· A comb-N pattern is only applied for a M-symbol PRS resource with N<=M
· Consider supporting M=12 also.

Proposal 4: 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). 
[bookmark: _GoBack]
Proposal 5: Suppport a MaxResourceOffsetValue of 320, which corresponds to a maximum span of 40 msec for 120 KHz SCS
· 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 6: 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. 

Proposal 7:  Use the following  formula for scrambling initialization at the start of each OFDM symbol:

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.

Proposal 8: With regards to DL PRS multiplexing with other NR signals/channels:
· 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.
· 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 OFDM symbols.
11 [bookmark: _Ref450583331]References
[1] R1-1909932, “List of higher layer parameters for NR Positioning”, Intel
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    Agreement:      Parameter DL - PRS - ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how ma ny times each DL - PRS  Resource is repeated for a single instance of the DL - PRS Resource Set   o   Values: 1, 2, 4, 6, 8, 16, 32      Parameter DL - PRS - ResourceTimeGap is configured for a DL - PRS Resource Set   o   DL - PRS - ResourceTimeGap   indicates offset in units of slots between two repeated instances of a DL PRS Resource  corresponding to the same DL - PRS Resource ID within a single instance of the DL PRS Resource Set    o   DL - PRS - ResourceTimeGap is provided only if DL - PRS - ResourceRepetitionFa ctor is configured and is greater than 1   o   Values: 1, 2, 4, 8, 16, 32      The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL - PRS - Periodicity       Note: UE RX beam sweeping is up to UE implementation       Agree ment:   A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability   of the bitmap.      Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic   transmission of DL - PRS  resource sets) of a DL - PRS Resource set   o   All DL - PRS Resources within a DL - PRS Resource Set instance are muted for a DL - PRS Resource Set instance that is  indicated to be muted by the bitmap      Option 2:   
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