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Introduction
Regarding the downlink reference signal design, the following agreements were made in 3GPP RAN1 #98bis meeting [1], which is captured as follows:
	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


Based on the previous agreements, we discuss the remaining issues on DL reference signal design to support NR positioning. 

Discussion on Downlink Reference Signal Design 
DL PRS for NR positioning 
PRS configuration in NR would be quite different from LTE. In LTE, PRS is configured as a sub-parameter “PRS-Info” within the reference cell configuration “OTDOA-ReferenceCellInfo” and the neighbouring cell configuration “NeighbourCellInfoElement” for OTDOA technique. In NR, PRS could be used for multiple positioning techniques such as OTDOA, DL-AoD, multi-cell RTT technique, and/or their hybrid technique(s). Thus, the information on PRS resource and/or PRS resource set need to be provided to the UE(s) as a separate assistance data independent with the techniques to avoid unnecessarily duplicated PRS configuration, since a specific PRS resource and/or resource set could be used for multiple techniques. Then, the assistance data container for each technique only needs to include PRS resource ID(s) or resource set ID(s) which are used for that technique.

NR PRS Occasion
In RAN1 #97 meeting [2], PRS occasion was agreed as follows:
	Agreement:
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


In the previous meeting, it was agreed to support repetition of a PRS resource set. Thus, the “periodically repeated time window” needs to be the time duration including repeated transmission of a PRS resource set.

NR PRS RE pattern
For frequency RE pattern of PRS resource, the possible comb sizes and the number of symbols were agreed as 2, 4, and 6. In RAN1 98bis meeting, the relative frequency RE offset values were agreed in case that the number of symbols and the comb size of a PRS resource are the same. For the remaining combination of comb sizes and the number of symbols, we suggest the RE pattern depicted in Figure 1.
Proposal 1: 
· For the RE pattern for a PRS resource, support the RE pattern depicted in Figure 1.
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[bookmark: _Ref20828904]Figure 1. Illustrative examples of frequency RE patterns of a PRS resource depending on the possible number of symbols and comb-size.


NR PRS antenna port
Regarding the support of two-port PRS, the benefit and necessity have not been clearly verified. Furthermore, if two-port PRS is decided to be supported in Rel-16, some accompanying issues such as RE pattern design should be discussed, which would needs a lot of time and hence, it is reasonable to support only single-port PRS in Rel-16.

Proposal 2: 
· Not support 2-port NR PRS resource in Rel-16.

NR PRS sequence initialization
In RAN1 #96bis meeting [2], it was agreed to use Gold sequence for the PRS sequence generation. Also, in the previous meeting, PRS sequence ID, slot index and symbol index are agreed as the essential parameters for sequence initialization function, but further details are remained as a further work. 
PRS configuration in NR would be quite different from LTE. In LTE, PRS is configured as a sub-parameter within the reference cell and neighbouring cell configuration for OTDOA technique. In NR, PRS could be used for multiple positioning techniques such as OTDOA, DL-AoD, multi-cell RTT technique, and/or their hybrid technique(s). 
Regardless of which method is used, it is essential for the UE to know that the PRS resource is transmitted from which TP. In NR, PRS is configured in the form of PRS resource(s) and PRS resource set(s) where each PRS resource set is associated with a single TP, and many PRS resource sets would be configured to provide sufficient number of RSTD measurements for high accuracy positioning. In consideration of the geometry and the efficient use of the time-frequency resource, it is difficult to guarantee that all of the PRS resource sets contain the independent PRS resources for providing orthogonal time-frequency resource for PRS transmission. Thus, each PRS resource could be associated with multiple TP(s), but it is desirable to discriminate the same PRS resource transmitted from different TPs, at the UE side. For this purpose, we can consider the introduction of different sequence initialization values for a PRS resource transmitted from different TPs. Similar to CSI-RS, a pool of PRS resources could be considered, and a PRS resource set is composed of one or multiple PRS resources by selecting resource(s) within the resource pool. Naturally, each PRS resource could be a member of multiple PRS resource set(s) depending on the network configuration, and the PRS resource could be also transmitted from multiple TPs. Thus, it is necessary to use different sequence for a PRS resource transmitted from different TPs in order to distinguish TPs. For this purpose, we propose that TP ID is included in the PRS sequence initialization function including symbol index, slot index, and sequence ID, as follows:

 
·  denotes scrambling sequence ID
·  denotes TP ID
· : length of Gold sequence
In order to use the unique sequence initialization value within a frame, Gold sequence length needs to be carefully determined considering bit-width of the sequence ID and TP ID.

Proposal 3:
· PRS sequence initialization value is 
.
·  denotes scrambling sequence ID
·  denotes TP ID
·  denotes the length of Gold sequence

If the current CSI-RS sequence initialization method is introduced for PRS sequence initialization, the network should guarantee that the UE does not receive a PRS resource from multiple TPs, which unavoidably results in the inefficient resource utilization. In spite of this, if the CSI-RS sequence initialization method needs to be introduced for some reasons, at least  needs to be TP ID (not physical cell ID) when  is not configured. In case that  equals to the physical cell ID unless configured, there is an ambiguity on which TP transmits the PRS resource.
Based on this, the network can indirectly provide that the UE distinguishes from which TP transmits. More specifically, if the network configures a PRS resource that is associated with multiple TPs, the network would not intentionally configure a scrambling sequence ID in the PRS resource. Then, the UE substitutes TP ID for sequence ID. As a consequence, even though a specific PRS resource is transmitted from multiple TPs, the UE is able to know each other since the sequence is different. 
As the second preference, we propose the following method.

Proposal 4:
· Support the sequence initialization method of PRS resource with one of the following options:
· Option 1:
· 
· Option 2:
· 
where  equals to TP ID unless configured by higher layers.

NR PRS design considering multi-beam operation
In consideration of PRS transmitted by multiple TX beam(s) from a gNB/TP, PRS resource set needs to be defined for a more efficient configuration of the PRS resource and measurement/reporting behaviour at UE side. For example, let us see Figure 1, where a gNB/TP transmits PRS resources in multiple directions through TX beam sweeping to the target UE#1 and UE#2. Intuitively, the PRS resource(s) transmitted in the gNB3 direction would not be meaningful to UE#1 since those are deviated from the LoS direction for between gNB2 and UE#1. Thus, it would be reasonable that UE#1 performs the ToA(s) measurement for the PRS resource set #1 and considers only the PRS resources included in the PRS resource set #1 when calculating the RSTD with the PRS resource(s) transmitted from other gNB(s)/TP(s).
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[bookmark: _Ref993284]Figure 2. An illustrative example for PRS transmission of a gNB/TP with multiple TX beams, where each TX beam is mapped to a single PRS resource, and TX beams denoted by bold line are PRS resource set #1 and the TX beams denoted by dashed line are PRS resource set #2.
Time duration of a UE for the PRS transmission and reception, which might be called as PRS occasion, could be unnecessarily increased if all of the PRS resources are configured in the cell-specific way.

The following three options were agreed to support RX beam sweeping behaviour at the UE side.
	Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported (options are from previous related agreement in RAN1#96bis):
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter.
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.


In this subsection, we mainly discuss how to support the option 2 and option 3.
To support option 2 and 3, the target UE should at least know which DL PRS resources among all of the configured PRS resources are transmitted by the same TX beam or different TX beam(s). For this purpose, several ways could be considered. Intuitively, similar to CSI-RS for beam management, we can consider the introduction of a configuration parameter for each PRS resource set, denoted by “repetition=ON/OFF” of 3GPP TS38.331. If the “repetition” configuration parameter of a PRS resource set is configured with “ON”, the UE could assume the PRS resources within the PRS resource set are transmitted through the same TX beam. Also, if the repetition parameter is set to “OFF”, the UE could assume the PRS resources within the PRS resource set are transmitted through different TX beams. For this way, we need to discuss how to support the configuration signalling in order to configure the repetition set to “ON” or “OFF”. In case of CSI-RS, the repetition parameter is controlled through RRC signalling with the configuration signalling for CSI-RS resource(s) and resource set(s). However, PRS would be configured by location server signalling.
As other options, we can also consider the explicit indication of PRS resource indexes which are transmitted with the same or different TX beam(s), and we can also predefine or reserve a PRS resource set (e.g., a certain resource set ID or index) so that the UE could be aware that PRS resources included in that PRS resource set are transmitted with the same or different TX beam(s). It might be simple once the network and UE(s) know which PRS resource set index is reserved for the RX beam sweeping. Even though the configured PRS resource set index is the same between the UEs, the PRS resource(s) contained in this PRS resource set could be flexibly configured by the network.

In contrast with the CSI-RS design, PRS design needs to consider not only the serving gNB/TP but also neighbouring gNB(s)/TP(s). Even though a single PRS resource set is associated with a single gNB/TP, there would be a lot of PRS resource sets considering many gNBs/TPs. Then, multiple PRS resource sets that are configured with “repetition=On/Off” can be transmitted simultaneously, which leads to ambiguity problem of UE RX beam sweeping behaviour. For PRS, therefore, simultaneous transmission from multiple gNBs/TPs needs to be considered when we discuss how to support the option 2 and option 3. 
For example, we introduce a PRS block concept as a PRS transmission and reception unit, so that the UE can implicitly or explicitly know whether the TX beam(s) of each gNB/TP is changed or not during a certain time period. In a PRS block, the UE receives overall PRS resource(s) using a fixed RX beam where the PRS resources are orthogonally transmitted from one or multiple TP(s). 
As an intuitive example described in Figure 2, let us consider two TPs where each TP transmit two PRS resources and each PRS resource spans 2 OFDM symbols based on Comb-4 frequency RE pattern. In terms of TP #1, two PRS Resources can be described as (a) of this figure. In case that the UE receives two PRS resources with the same RX beam where two PRS resources are transmitted with the different TX beams, PRS block can be defined as the left figure of (b). In case of the right figure of (b), the UE uses two different RX beams for two PRS blocks, respectively, but the TX beams across different PRS blocks are the same.
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[bookmark: _Ref16775956]Figure 3. (a) An example of RE pattern of PRS resource(s). (b) An example of PRS block structure. In the first case, the PRS block is defined across four OFDM symbols, while the PRS block in the second case is defined for each two symbols.

Proposal 5: 
· Introduce a configuration parameter for each PRS resource set such as “repetition” which can be set to “On” or “Off”, considering multiple TPs/gNBs.

Consideration on NR PRS muting
It was agreed to support that a bitmap for DL PRS muting is configured for a DL PRS Resource Set, and two options were agreed for muting configuration considering the repetition of a PRS resource set. One of the muting options would be selectively applied and hence, there is no need to support two bitmaps corresponding to both options at the same time to the UE, which is a FFS point in the previous meeting.

Proposal 6: 
· 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. 

	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



Consideration on TP ID
In the previous meeting, the following agreement was made, which is also captured in Section 1.
	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


Based on this agreement, it is clear that each TRP/TP is associated the ID. In our view, there is no need to add new ID in addition to the TRP/TP ID for each TRP/TP. It is straightforward that the agreed ID is a TP ID.

Consideration on the current DL RS for NR positioning
SS block for NR positioning
Synchronization signal block (SSB) could be considered as a possible candidate used for NR positioning, which is transmitted in a burst form with periodicity from 5 ms to 160 ms. The SSB for L3-RSRP measurement would be appropriate for the and multi-cell based positioning technique, even though the bandwidth size is different depending on the numerology, 20 RBs signals would be appropriate for rough or initial estimation of the UE’s location by OTDOA and/or multi-cell RTT technique(s).
Especially for OTDOA technique, a joint utilization of both the narrow-band and wide-band based OTDOA could be helpful in terms of the UE complexity, since the timing measurements obtained through the narrow-band RS could be employed as a priori information for the UE and/or the network before the wide-band based OTDOA operation to reduce the computational complexity and/or improve RSTD measurement/reporting accuracy, and so forth. 

Proposal 7: 
· SSB can be used for the RSTD/ UE RX-TX time difference measurement and reporting for OTDOA and Multi-cell RTT.
Also, it would be beneficial for NR positioning by joint utilization of the SSB and DL PRS could be considered for NR positioning as well as SSB only. As an example, the more precise report of the RSTD measurement acquired by using PRS resource could be considered. Firstly, RSTD measurement obtained from SSB could be reported, which would be a coarse value. Afterward, the UE acquires RSTD measurement from PRS resource(s) and reports the difference value between RSTD obtained by PRS and the reported RSTD based on SSB.

Conclusion
In this contribution, we describe our views on DL reference signal design for NR positioning, and summarize our proposals as follows:

Proposal 1: 
· For the RE pattern for a PRS resource, support the RE pattern depicted in Figure 1.

Proposal 2: 
· Not support 2-port NR PRS resource in Rel-16.

Proposal 3:
· PRS sequence initialization value is 
.
·  denotes scrambling sequence ID
·  denotes TP ID
·  denotes the length of Gold sequence

Proposal 4:
· Support the sequence initialization method of PRS resource with one of the following options:
· Option 1:
· 
· Option 2:
· 
where  equals to TP ID unless configured by higher layers.

Proposal 5: 
· Introduce a configuration parameter for each PRS resource set such as “repetition” which can be set to “On” or “Off”, considering multiple TPs/gNBs.

Proposal 6: 
· 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. 
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Proposal 7: 
· SSB can be used for the RSTD/ UE RX-TX time difference measurement and reporting for OTDOA and Multi-cell RTT.
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