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Introduction
The following agreements were made on the DL RS for NR positioning in RAN1#98bis [1]:
	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
[image: ]	 	

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 contribution, we discuss the remaining issues for the NR DL reference signal for positioning.

NR DL PRS signals
Number of DL PRS Tx antenna ports
Based on simulation results in Rel-16 SI, one antenna DL PRS port can guarantee the positioning performance for DL  positioning methods. Given that the benefits of two antenna ports over one antenna port are unclear so far, we propose not to use two antenna ports for DL PRS in Rel-16.
[bookmark: p1]Proposal 1: No need to support more than one DL PRS Tx antenna port in Rel-16.

Transmission bandwidths of DL PRS resource sets
For a positioning frequency layer, it was agreed that all DL PRS Resource Sets across one or more TRPs of positioning frequency layer have the same SCS, CP type, the center frequency, and the same point A. But, it is still undetermined on whether the different DL PRS Resource Sets can have different DL PRS BWs. 
In our view, one of the main reasons to have multiple DL PRS Resource Sets for a TRP is to allow different configurations for different DL PRS Resource Sets. The BW is one of the configuration parameters that can be used for the network to optimize and balance the resources used for DL positioning and target positioning performance. Given that it was agreed that all DL PRS Resource Sets across one or more TRPs of positioning frequency layer have the same SCS, CP type, and center frequency, we believe the UE should have no problem to either to detect different  DL PRS Resource Sets in the same positioning frequency layer without the measurement gap. 
[bookmark: p2]Proposal 2: DL PRS Resource Sets in a positioning frequency layer can have different DL PRS transmission bandwidths.

Initialization of DL PRS Sequences
For the cinit value for DL PRS sequences, we believe the initialization method of pseudo-random sequence generator for CSI-RS can  be extended for DL PRS, i.e., the pseudo-random sequence generator for DL PRS can be initialized with

at the start of each OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is the PRS sequenceID.  Note that it has been agreed in RAN1#96bis that number of DL PRS Sequence IDs is at least .
[bookmark: p3]Proposal 3: The pseudo-random sequence generator for DL PRS shall be initialized with follows.

where   is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID, where  and 

Number of Sequences
In LTE, 4096 PRS IDs are used for DL PRS sequence initialization. For NR, it was agreed that the number of DL PRS Sequence IDs is at least 4096. With the consideration that in NR PRS IDs need to be assigned to each beam and more PRS resources need to be allocated to a cell as PRS will be transmitted in beam sweeping manner (in TDM), NR will need more than 4096 if we consider the number of beams per cell. 
[bookmark: p4]Proposal 4: Support 8192 DL PRS Sequence IDs.

Resource Element Mapping Patterns
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Generally, smaller Comb-N values are more suitable for the bandwidth-limited use case, e.g., IoT devices; while larger N values are beneficial for the deployment scenarios with denser cells and larger NR bandwidth, where UE needs to measure PRS signals from more cells to meet the positioning accuracy requirement. For Comb-1 structure with 1 PRS symbol and Comb-N (N>1)with at least N PRS symbol, autocorrelation value after coherent combining has only main peak without any side peaks. The advantage of Comb-1 structure is lower beam sweeping delay, especially in FR2. The disadvantage of Comb-1 structure is that the Tx power per RE is limited due to no power boosting, which may limit the post-SINR performance. For potential support of very large bandwidth as well as narrow bandwidth, we propose to support both Comb-1 and Comb-12.
[bookmark: p5]Proposal 5: Add the support of DL PRS resource mapping patterns of Comb-1 and Comb-12.

Relationship between Comb-N and number of symbols of DL PRS resource
For the relationship between Comb-N and number of symbols per DL PRS Resource, there are at least following alternatives:
· Alt.1: allocate at least m*N PRS symbols when N >1, with the equivalent comb-factor of 1.
· Alt.2: allocate M PRS symbols when N >1, where 1<=M<N.
· Alt. 3: It is up to the network to configure Comb-N and the number of symbols per DL PRS Resource independently.

The advantage of Alt.1 is the autocorrelation value after coherent combining has only the main peak without side peaks. The disadvantage is higher PRS symbol overhead.
The advantage of Alt. 2is low PRS symbol overhead. The disadvantage is decreased TOA estimation performance as the results of side peaks. Even if the location of the side peaks of PRS autocorrelation is known by UE, which avoids the impact on TOA estimation with the configuration of a proper Comb-N and a proper search window, it increases the UE implementation complexity.
The advantage of Alt. 3 is up to the network to configure the Comb-N and number of symbols per DL PRS Resource. Alt. 3 is our preference since it provides freedom for the network to optimize the PRS resource usage and the balance of the positioning performance and system efficiency. For example, the network is not limited to have to support allocating PRS REs in every subcarrier in the same slot, and the network can have the flexibility to support allocating PRS REs in every subcarrier in multiple slots in a PRS occasion.
[bookmark: p6]Proposal 6: Allow the network to configure the Comb-N and number of symbols per DL PRS Resource independently.

DL PRS Muting Pattern
DL PRS Muting Pattern in terms of DL PRS Resource Set
When multiple neighboring cells transmit the PRS simultaneously, the PRS signals from the multiple cells could collide in both time and frequency, which creates inter-cell interference during the cross-correlation. Due to the near-far problem where the strong PRS signals from closer-by cells overshadow the weak PRS signals from far away cells, it will be difficult for the UE to detect faraway cells, and which in turn result in the loss in hearability. This issue can be particularly serious in dense urban deployments or under poor network planning. In order to overcome the near-far problem, the PRS muting pattern should be introduced to increase the detectability of the weak PRS from faraway cells. 
The following related agreement was made in RAN1#98bis [1]:
	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




An RRC parameter DL-PRS-MutingPattern is currently defined for supporting above agreement [3]:
For Option 1, each bit in the bitmap of the DL-PRS-MutingPattern is to mute all PRS resources in an instance of a DL-PRS Resource set in the repetition of the DL-PRS Resource set. For Option 2, each bit in the bitmap of the DL-PRS-MutingPattern  is to mute one repetition of the corresponding PRS resources within the instance of a DL-PRS Resource set. 
For example, assume we have
· DL-PRS-Periodicity=320 slots, 
· DL-PRS-ResourceRepetitionFactor=4, and DL-PRS-MutingPattern = {1, 1, 1, 0}

If Option 1 is used, one DL-PRS Resource set is muted for every 320*3=960 slots, as indicated by DL-PRS-MutingPattern = {1, 1, 1, 0}. All repeated PRS resources in the corresponding set are muted.

If Option 2 is used, the last repetition of the DL-PRS Resources within each instance of the DL-PRS Resource set, which are repeated every 320 slots, are muted as indicated by DL-PRS-MutingPattern = {1, 1, 1, 0}.

It is still FFS on the configuration of bitmaps corresponding to both options at the same time to the UE. Our proposal is to support the configuration of bitmaps corresponding to both options at the same time to the UE. In this case, there should at least two parameters for muting , one for Option 1 and the other for Option 2.
[bookmark: p7]Proposal 7: 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.

Additional DL PRS Muting Patterns
In LTE, a PRS Positioning occasion can include {1, 2, 3, 6} PRS subframes. Having a positioning occasion with a number of PRS subframes provides the benefits of saving UE power consumption in PRS detection and reducing the time delay in OTDOA. Similarly, for NR DL-TDOA, it will be beneficial to allow the configuration of a group of PRS resource sets into an NR DL PRS Positioning Occasion (Figure 1). It will provide the UE the opportunity to detect multiple PRS resources in one beam direction without waiting for the next PRS transmission cycle. In addition, for the minimization of UE power consumption, the transmission duration of an NR DL PRS PositioningOccasion may be limited within a certain duration.
[image: ]
Figure 1  PRS Resource, PRS Resource Set and PRS Occasion

In the following discussion of the muting configurations, we assume:
· a PRS occasion group have the periodicity , including  PRS groups in one period
· a PRS occasion group comprises  PRS occasions
· a PRS occasion comprises  PRS resource set
· a PRS resource set comprises  PRS resources

Muting Configuration in PRS occasion group (Option 3)
NR PRS muting of the cell can be implemented in the level of the PRS occasion group. The PRS muting configuration is defined by a periodic PRS muting sequence with the periodicity  where , counted in the number of PRS occasion groups, which can be 2, 4, 8, 16, 32, 64, 128, 256, 512, or 1024. is also the length of the bit string that represents this muting sequence for PRS occasion groups. If a bit in the  is set to "0", there is no PRS transmission in the corresponding PRS occasion group. 

Muting Configuration in PRS occasion (Option 4)
NR PRS muting can be implemented in the level of the PRS occasion, where the bit string  of a length is used to configure the PRS occasion groups for muting. Each bit string  represents the candidate PRS occasion groups, i.e., if a bit in the  is set to "0", one or more PRS occasions in the corresponding PRS occasion group may be muted. Which of the PRS occasions in the candidate PRS occasion groups will be muted will depend on the muting sequence  with the length  , which represents the PRS occasions to be muted within the candidate PRS occasion group, i.e., a bit in the  set to "0" indicates no PRS transmission in the corresponding PRS occasions of the candidate PRS occasion groups.

Muting Configuration in PRS resource set
Above proposed options (Option 3 and Option 4) can be combined with the  agreed Option 1 and Option 2 to form new muting patterns. 
For example, Figure 2 presents the NR DL PRS Muting Configuration, where Option 3 and Option 4 are combined with the agreed Option 1. NR PRS muting of the cell is implemented in the level of the PRS resource set. In Option 3, the bit string  of a length is used to configure the candidate PRS occasion groups for muting, and the bit string  of a length is used to configure the candidate PRS occasion for muting. Assume there are  PRS resource sets in a PRS occasion, a muting sequence  with the length will be used to represents this muting PRS resource sets within the candidate PRS occasions. If a bit in the  is set to "0", there is no PRS transmission in the corresponding PRS resource sets of the candidate PRS occasions.

[bookmark: _Ref603064][bookmark: _Ref603057][image: ]
Figure 2  Additional NR PRS Muting Pattern (Example 1)

Figure 3 presents the NR DL PRS Muting Configuration, where Option 3 and Option 4 are combined with the agreed Option 2, where the NR PRS muting of the cell is implemented in the level of the DL PRS resource. In this option, the bit string  of a length is used to configure the candidate PRS occasion groups for muting, the bit string  of a length is used to configure the candidate PRS occasion for muting, and  the bit string  of a length is used to configure the candidate PRS resource set for muting, Assume there are  PRS resources in a PRS resource set, a muting sequence  with the length   will be used to represents the muting PRS resources within the candidate PRS resource sets. If a bit in the  is set to "0", there is no PRS transmission in the corresponding PRS resources of the candidate resource sets.

[image: ]

Figure 3  Additional NR PRS Muting Patterns (Example 2)

[bookmark: _Toc5113981][bookmark: _Toc5114005][bookmark: _Ref525326196][bookmark: p8][bookmark: _Toc5113979][bookmark: _Toc5114003]Proposal 8: 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. 


Conclusion
In this contribution, we discussed the NR DL reference design for positioning purpose and made the following proposals:
Proposal 1: No need to support more than one DL PRS Tx antenna port in Rel-16.
Proposal 2: DL PRS Resource Sets in a positioning frequency layer can have different DL PRS transmission bandwidths.
Proposal 3: The pseudo-random sequence generator for DL PRS shall be initialized with follows.

where   is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID, where  and 
Proposal 4: Support 8192 DL PRS Sequence IDs.
Proposal 5: Add the support of DL PRS resource mapping patterns of Comb-1 and Comb-12.
Proposal 6: Allow the network to configure the Comb-N and number of symbols per DL PRS Resource independently.
Proposal 7: 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.
Proposal 8: 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. 
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