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Introduction
Regarding the downlink reference signal design, the following agreements were made in 3GPP RAN1 #97 meeting [1], which is captured as follows:
	Agreement:
DL PRS Resource is described by at least the following parameters
· DL PRS Resource ID (previously agreed)
· Sequence ID (previously agreed)
· Comb Size-N
· RE Offset in frequency domain
· FFS whether this offset is a single value or multiple values
· Starting slot and symbol of DL PRS Resource
· FFS whether it can be represented by time offset with respect to some reference
· Number of symbols per DL PRS Resource (Duration of DL PRS Resource)
· Quasi-colocation information (QCL with other DL reference signals)
· FFS QCL type and source reference signals
· FFS: Number of Tx Ports
· FFS: Power offset b/w DL PRS and SSB
· FFS: Transmission bandwidth and starting PRB with respect to Point A
· FFS: Numerology
Note: RAN1 to discuss further whether some of the above parameters belong to Resource Set configuration and are applied to all Resources within a Resource Set or not.

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}
· DL PRS Resource comb-N value is configurable from the set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 8, 12}
· Note: The dependence between the number of symbols and the comb size should be considered when considering the inclusion of additional values in the sets for these parameters

Agreement:
RAN1 to select one of the following alternatives for periodic DL PRS Resource Allocation at RAN1#98:
· Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level
· Common period is used for DL PRS resources within a DL PRS Resource Set
· Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level
· Different periods can be used for DL PRS resources within a DL PRS Resource Set

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


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 
[bookmark: _GoBack]In previous meeting, most of the important parameters of PRS resource was agreed. Before discussion on PRS resource configuration, it is desirable to discuss the configuration level of PRS resource(s) and PRS resource set(s). As a part of the assistance data, we can consider the PRS configuration such as PRS-Info given in LPP, the reference cell-cell and neighbour-cell configuration such as OTDOA-ReferenceCellInfo and OTDOA-NeighbourCellInfoElement defined in LPP. Thus, we need to distinguish whether each parameter needs to be configured at the cell-level or PRS resource-level to avoid unnecessary signalling overhead. In NR, PRS configuration needs to be independent with the reference-cell and neighbour-cell configuration.

NR PRS RE pattern
For frequency RE pattern of PRS resource, the possible comb values were agreed as 2, 4, and 6, but this issue is not completely finalized. The following is captured from RAN1 96bis meeting.
	Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern


Firstly, there are additional comb values need to be discussed. Secondly, it is time to decide whether or not to support non-staggered RE pattern(s) within a PRS resource. From NR positioning SI phase, however, the advantage of the staggered RE pattern has been clearly verified and most of the companies have shared a similar view on the staggered RE pattern as a strong candidate for PRS RE pattern since this pattern shows better cross-correlation peak characteristic than non-staggered pattern. If the frequency RE offset (Comb-offset) for a PRS resource could be configured with multiple values to define the frequency RE offset of each OFDM symbol within a PRS resource, the non-staggered RE pattern could have a benefit of the relatively low signalling overhead. However, a single offset value is enough to support staggered RE pattern similar to LTE PRS and hence, support of the non-staggered RE pattern within a PRS resource is not necessary.
We suggest the following description of the staggered RE pattern to share a common view/concept on the staggered RE pattern for a PRS resource.
· Staggered RE pattern of PRS resource
· For a single PRS resource occupying multiple OFDM symbols, frequency-domain RE pattern of each OFDM symbol is Comb-N and Comb-offset (frequency-domain RE offset) for each OFDM symbol is different so that anyone of the occupied frequency REs between different OFDM symbols is not overlapped.

Proposal 1: 
· Not support the non-staggered RE patterns for a NR PRS resource.

In contrast with other DL RSs, UE(s) could be configured with a lot of PRS resource(s) or PRS resource set(s) since the UE(s) needs to receive PRS from many TPs/gNBs where each TP/gNB transmits one or multiple PRS resource sets. In consideration of this, the signalling overhead and UE complexity would not be negligible and these perspective should be considered to decide parameters for PRS resource configuration. As mentioned above, the staggered RE pattern could be supported by single frequency RE offset value.

Proposal 2: 
· 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.

NR PRS time offset
Regarding the FFS issue on “whether it can be represented by time offset with respect to some reference”, it could be enough to indicate the starting slot and symbol for each PRS resource level. The time offset information with respect to a reference time does not needs to be represented in each PRS resource level. The UE would obtain the reference time information from serving gNB under the initial access procedure, and LMF would send the time offset information for each neighbouring gNB/TP with respect to reference time, which is similar to LTE. The PRS resource(s) and time offset information could be configured as a part of the assistance data associated with a neighbouring TP/gNB.

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 3: 
· Not support 2-port NR PRS resource in Rel-16.

NR PRS periodicity
It would be reasonable to configure the periodicity of a periodic PRS resource in the level of PRS resource set, if there is no clear use cases or benefit. However, if we need to consider the on-demand PRS resource request with respect to a specific TX beam, PRS resource level configuration also needs to be discussed.

Proposal 4: 
· Support Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level.
· If need, “Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level” could be considered.

Consideration on NR PRS sequence initialization
In RAN1 #96bis meeting [2], it was agreed that the PRS sequence is generated using Gold sequence and sequence initialization value remains as FFS. For the sequence initialization of PRS, PRS resource configuration perspective needs to be firstly considered. 
Each PRS resource set is associated with a single gNB/TP, and many PRS resource sets need to be configured in order to provide many 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 contains the independent PRS resources for providing separated 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. For example, sequence initialization could be performed depending on TP-related information in addition to scrambling ID, symbol index, slot index, and so forth.

Proposal 5: 
· 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.

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 1. 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.

In the “physical-layer procedure agenda”, 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 2. (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 6: 
· 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
In order to guarantee the hearability especially for the PRSs transmitted from neighbour cell(s), support of the muting configuration was agreed in RAN1 #96bis meeting [2]. Firstly, muting configuration unit needs to be discussed for NR positioning, since it is possible to mute PRS resource, PRS resource set, and/or TP level. Secondly, if we need to support resource-level muting or resource set level muting, muting configuration needs to be independent with PRS configuration considering signalling overhead. The same muting pattern could be applied to multiple PRS resources or PRS resource sets.

Proposal 7: 
· Decide one or more of the PRS muting unit/level among PRS resource, PRS resource set, and TP.


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 L1-RSRP and L3-RSRP measurement would be respectively appropriate for the single-cell based and multi-cell based positioning technique, but several practical limitations need to be considered. Firstly, the signal bandwidth configuration of SSB is fixed to 20 RBs. Even though the actual bandwidth size is different according to the numerology, 20 RBs signals would be appropriate for rough or initial estimation of the UE’s location by OTDOA technique. In addition, for the inner-cell UE(s), the hearability for SSB(s) transmitted from neighbouring cell(s) would be a major limitation to apply the multi-cell based positioning technique(s) such as OTDOA and multi-cell RTT, since the time-frequency orthogonality between transmitted SSBs from multiple cells is not always guaranteed from the perspective of the UE(s). For the cell-edge UE(s), detection of multiple SSBs from neighbouring cells would be highly possible. It would be reasonable that SSB is basically used for single-cell based positioning utilizing RSRP and is used for OTDOA or multi-cell RTT technique for the UEs when they are capable of detecting SSBs transmitted from multiple cells.

Proposal 8: 
· SSB can be used for OTDOA and/or multi-cell RTT technique for the UEs when they are capable of detecting SSBs transmitted from multiple cells.
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, which is also discussed in our companion contribution [3].


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

Proposal 1: 
· Not support the non-staggered RE patterns for a NR PRS resource.

Proposal 2: 
· 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.

Proposal 3: 
· Not support 2-port NR PRS resource in Rel-16.

Proposal 4: 
· Support Alt.1 - Periodicity of DL PRS Resource is configured at DL PRS Resource Set level.
· If need, “Alt.2 - Periodicity of DL PRS Resource is configured at DL PRS Resource level” could be considered.

Proposal 5: 
· 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.

Proposal 6: 
· 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 7: 
· Decide one or more of the PRS muting unit/level among PRS resource, PRS resource set, and TP.

Proposal 8: 
· SSB can be used for OTDOA and/or multi-cell RTT technique for the UEs when they are capable of detecting SSBs transmitted from multiple cells.
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