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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives of the SI described in [1, 2] is to propose potential solutions for positioning based on the identified requirements and evaluation scenarios. The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
In this contribution, we discuss relevant aspects applicable to NR-based RAT-dependent positioning techniques using uplink (UL) measurements. Section 2 elaborates on and proposes solutions for flexible resource allocation of UL reference signals used for positioning. Thereafter, Section 3 deals with multi-site beam management for UL positioning measurements and Section 4 summarizes our companion contribution [4] on carrier phase based measurements, which is suitable for uplink scenario.

[bookmark: _Ref534822995]UL resource allocation scheme
Introduction and requirements
The UEs within a positioning service area may be characterized by different requirements in terms of positioning accuracy and the update rate required. For some UEs, it may be perfectly sufficient to achieve accuracy within several meters range, for example using TDOA only, whereas for other users a precise positioning, preferably in the sub-meters range might be required, where the phase of the signal might need to be processed as well. Likewise, the UEs moving at vehicular speeds have their estimated position outdated more quickly than their stationary counterparts, and therefore require the position estimation to be updated more frequently.
Using uplink measurements for positioning allows the requirements for each UE to be matched individually by allocating the best suitable amount of resources (including setting update/repetition rate). However, this requires the multiple UEs to be multiplexed orthogonally, either in time, frequency or code domain where the selected uplink positioning signals may be transmitted. 
Observation 1: There is a need to address UEs requirements in terms of positioning accuracy and update rate, simultaneously striking a balance between use of resources (time, frequency, code … etc.) and keeping interference within acceptable limits.
Proposal 1: Investigate strategies to assign reference signal resources to the UEs addressing their requirements and keep the signaling overhead within acceptable limits. 
Beamforming at the transmitter (UE) and the receiver (gNB) can be used to improve reception between the UEgNB pair (see Section 3). In case of TDOA systems many UEgNB (UTDOA) or gNBUE (OTDOA) beam pairs must be activated in the same timeslot including the PRS (positioning reference signals). In principle for periodic transmission of the PRS signals the ToA measurements can be derived from different timeslots also, but clock accuracy limitation will introduce an additional error. It should be noted that the requirement for beam-management for positioning differs from that required for data transmission. Using a beam-forming at UE reduces the number of “targeted” gNB. Using narrow beams at gNB reduces the size of the area of “hearable” UEs. For UL-TDOA this issue can be solved by


· UE transmits over several beams in parallel or used a wider beam for UL-PRS
· Several receive beams are activated at the gNB. 
Activating different receive beams simultaneously at the gNB is simply applying a different spatial filter to the received signals and does not affect the outcome regardless of the number of beams activated, except for higher requirements on processing power and some constraints resulting from hybrid beam forming architectures. This is in sharp contrast to DL-PRS where the activated beams from gNBs may interfer with one another. Hence, for UL-PRS signals the beams of several gNBs can be directed to the area of the UEs to be localized (“localization area”), whereas for DL-PRS an increase in the number of beams useful for the localization area also increases the interference level.  
In addition, digital beamforming allows each RE to be independently beamformed in a particular direction, albeit at a higher complexity. Hence beam management for uplink positioning needs to be investigated and procedures for maintaining beam need to be defined. 
Observation 2: Uplink positioning requires a strategy different from data transmission for managing beams, because the uplink positioning signals need to be received at several gNBs with an acceptable quality. 
Proposal 2: Procedures for beam management for uplink positioning reference signals, required signaling and their impact on tradeoff between update rate, interference and required resource need to be investigated.

Resource allocation procedures
For the UL-TDOA (or UTDOA) in LTE SRS are transmitted as UL-PRS (Uplink positioning reference signal) by the UE and received by several (synchronized) gNBs in parallel. The eCID (enhanced Cell ID) method reuses the timing advance measurements.
[bookmark: _GoBack]LTE UTDOA operates based on measurements transmitted from a UE and obtained at the base station by a Location Measurement Unit (LMU) [3]. The LMU is defined as unit that performs the necessary UTDOA measurements and is not necessarily but could be part of an LTE base station (an eNodeB may not necessarily be able to obtain measurements from neighboring cells but the LMU has to be able to). The LMUs need to know the characteristics of the SRS signal transmitted by the UE for the time period required to calculate uplink measurement. These characteristics should be static over the periodic transmission of SRS during the uplink measurements. The location server will indicate to the serving eNodeB the need to direct the UE to transmit SRS signals for uplink positioning.
It is up to the eNodeB in UTDOA to make the final decision on resources to be assigned and to communicate this configuration information back to the Enhanced Serving Mobile Location Center (E-SMLC) so that E-SMLC can configure the LMUs. (sec. 8.5 TS-36.305) [4]. The procedure between the Location Server (E-SMLC) and the serving eNodeB for determining the SRS resources is shown in 
Figure. 1.
The UTDOA in LTE leaves it to the serving eNodeB (gNB) to allocate the resources for the uplink SRSs. This could cause higher interference at the neighboring gNBs and degrade the quality of signal received at the neighboring gNBs. In addition, the UEs closer towards the serving gNB transmit with lower transmit power compared to the cell-edge users. This causes the transmission from the UEs closer to serving gNB difficult to be received with good quality at the neighboring gNB. 
Observation 3: The neighboring gNB may receive the UL_PRS (UL positioning reference signal = SRS or other) with low SINR. Cross correlation properties and interference level mitigation concepts are essential. The SINR depends on the position of the UE and the power assigned to the UL-PRS. 
Proposal 3: Investigate grouping of UEs (proposed below) to address the coordination of resources among several gNBs.


Figure 1: Uplink information request procedure [3]

Coordination of uplink positioning signals transmission 
The UL_PRS (SRS or other sequences optimized for UL-TDOA) sequences are assigned to a UE by the serving gNB and are configured to avoid subframes configured for other purposes, such as PBCH as an example. In addition, the cell-wide SRS bandwidth is configured for all cells. As a result, all users within a cell must avoid transmitting PUSCH transmission on the OFDM symbols in the subframes assigned for SRS transmission, regardless of whether the user is configured to transmit SRS that frequently.  

In addition, wideband SRS are generally envisaged for the UEs closer to the serving gNB and narrowband SRS are envisaged for the UEs further from the serving gNB. This is practical from the perspective from using SRS for scheduling and timing advance estimation from the perspective of data transmission. However, the SRS need to also reach other gNB. Note that the wideband SRS provide sharper resolution in time, and therefore estimate delays among UE gNB pairs more precisely than with narrowband SRS transmissions. Moreover, the SRS transmit power per RE for users closer to the serving gNB tend to be lower and the hearability at neighboring gNBs may be compromised as discussed above. Coordination among multiple gNBs is necessary to ensure that the transmissions (data or signals) in neighboring gNBs do not further deteriorate the quality of the SRS signals received.

Observation 4:  The allocation of SRS depends only on the serving gNB and is not optimized to be received within a group of gNB within the positioning service area.
Proposal 4: Investigate and introduce new UL-PRS (SRS like sequence or other), whose transmission characteristics (bandwidth, power, and resources) can be coordinated among several gNBs. 

One way to address the coordination issue is to divide the users into groups and enabling allocation in groups. This would be one way to coordinate the allocation, so that the discrimination from beamforming or code is sufficient to distinguish transmission from two different users. The group may be formed within UEs served by the same gNB (or area covered by the same beam) or among coordinating gNBs within a positioning service area. One way of forming such group is to group UEs located at roughly same area, so that the signals from all of the UEs transmitting on the same resources, arrive with similar strength at the gNB, thereby allowing the signals from the UEs to be relatively easily separated in the code domain. Furthermore, separate type of uplink positioning grants can be provided, where a group of users multiplex their uplink positioning signals. The positioning signals may be scheduled by semi-persistent signaling or using DCI-grants. In any of the cases, the parameters for multiplexing individual UEs within the resource block (in time, code, frequency) need to be configured by RRC signaling.  The serving gNB activates the UE to transmit positioning signals and the other gNBs are configured to listen to the transmitted positioning signals. The LMF should take into account the gNBs that have a high probability of receiving the positioning signals and coordinate the used resources across multiple gNBs. An example of grouping users into UE groups is depicted below. 
[image: ]

A set of OFDM symbols are is reserved for UL-PRS (uplink position reference signal) transmission on which several UEs may transmit. The set of UEs configured to transmitting UL-PRS are split into “user groups” (UG). The number of groups depends on the total number of UEs enabled for UL-TDOA and the number of available resources. Each group within the UL-PRS slot is assigned a unique set of resource elements (across time and subcarrier). Within a group, a user is separated from another by orthogonal codes having properties specified according to requirements on positioning. 

Resource allocation pattern
In order to support various requirements on positioning for different users, the allocation of resources also needs to be flexible. Instead of the classic comb-structure used in UL-PRS for channel sounding purposes, the allocation of resources for UL-PRS needs to be more flexible. In particular, the positioning resources may be assigned in the following different configurations: 
· The entire OFDM or SC-FDMA symbol is assigned to a group. 
· The OFDM symbol is shared between different groups according to the “COMB structure”, similar to SRS.
· Only a section of the wide bandwidth (subbands) is used, the other section may be flexibly allocated for other purposes, such as PUSCH.
· Within an OFDM symbol, more than one subbands are assigned to a group. 
· The subbands assigned to one group are transmitted in different OFDM symbols.
The use of sub-band structure also allows UL-PRS to be multiplexed together with PUSCH. This is not possible with the current SRS.  

Observation 5: Flexibility in UL-PRS signal allocation is needed to address different requirements on positioning from different users. 

Proposal 5: Introduce flexible resource allocation of UL-PRS based on user groups and offer full flexibility of allocation of UL-PRS resources and bandwidth. 

An example of sharing positioning resources to multiple groups is shown below. A slot containing UL-PRS data is inserted periodically. The groups are separated by the time/frequency allocation. The UEs within a group are separated in the code domain. 
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In the example above, a set of OFDM symbols in a slot (in the example 3 OFDM symbols) is allocated to UL-PRS. This reservation is made periodically (e.g. every Kth slot). The allocated OFDM symbols can be used by one UG or shared by several UG.  In the example 3 OFDM symbols are shared by 6 user groups. In the example one fourth of the available subcarrier (SC) are assigned to one UG. A second OFDM symbol is used to transmit a second block with a different frequency offset (different subcarrier). 
The figure shows a “subband assignment” (parts of the bandwidth are allocated). Alternatively the COMB structure can be used to assign the available SC to a UG.

Even with grouping the signals from different UEs may arrive with different signal power still resulting in critical SINR scenarios. Therefore UE specific muting pattern may be used to randomize the SINR, in case the processing gain of the code does not sufficiently discriminate a UE from another one. In particular, a user is muted with a periodicity that is a prime number multiple of the overall periodicity of the pattern. This allows the interferences to be randomized among several transmissions. 

[image: ]

Observation 6: Shadow fading and suboptimal (or no) “grouping” may result in critical SINR scenarios exceeding the capability of separation of the signals in the code domain. 
Proposal 6: Consider muting pattern (or different periodicity of the UL-PRS transmission of the UEs using the same time/frequency resources to ensure that SINR is randomized. 

Summary 
There is a need to address UEs requirements in terms of positioning accuracy and update rate, simultaneously striking a balance between use of resources (time, frequency, code … etc.) and keeping interference within acceptable limits, which needs to be investigated.  Shadow fading and suboptimal (or no) “grouping” may result in critical SINR scenarios exceeding the capability of separation of the signals in the code domain, for which a muting pattern (or different periodicity of the UL-PRS transmission of the UEs using the same time/frequency resources to ensure that SINR is randomized needs to be considered.


[bookmark: _Ref534985515][bookmark: _Toc473106403][bookmark: _Toc473290988][bookmark: _Toc474311529][bookmark: _Toc479008693][bookmark: _Toc479870188][bookmark: _Toc493767378]Beam management for UTDOA
Beam management for UTDOA needs to address the following two questions: 
1. Which UE beam/antenna port shall be used for the UL-PRS transmission? 
2. Which gNB receive beam is useful for reception of UL-PRS signals?
It is envisaged that the SSB-based beam reporting may be sufficient for addressing the above two questions. After receiving the SSB block, the UE can deduce on which antenna port a gNB can receive the signal with sufficient strength and select the antenna ports that would be useful for UL-PRS transmission. The CSI-RS measurements may also be used additionally as an option.  Likewise, a UE can report to the LMF which gNBs are received. This information can be used assign a UE to a group and to select the n-gNB beams useful for UL-PRS reception.  
For positioning, it is not only the strong signals but also weak signals including those with very low SINR that are still useful. Therefore, links with high path loss would still be useful. The main challenge, however, is detecting very weak signals.  
Observation 7: It is envisaged that SSB-based beam reporting may be sufficient for UL-PRS transmission. However, this needs to be further studied. 
Proposal 7:  The selection of beams for UL-PRS transmission shall be further studied. 

[bookmark: _Ref534823887]Carrier phase measurements and assisted position estimation
For further enhancement of position estimation quality, we propose using carrier phase measurements. In [5]. we present first simulation results for carrier phase smoothed position results and compare them to single shot and Kalman-filtered (i.e. time filtered) position results. Using UL-TDOA for selected UE a high update rate can be implement (e.g. inserting a UL-PRS signal every frame of 10ms or maybe even every subframe). This allows carrier phase tracking for moving devices. Further details on carrier phase processing see [5]. 

Conclusion
There is a need to address UEs requirements in terms of positioning accuracy and update rate, simultaneously striking a balance between use of resources (time, frequency, code … etc.) and keeping interference within acceptable limits, which needs to be investigated. 
Shadow fading and suboptimal (or no) “grouping” may result in critical SINR scenarios exceeding the capability of separation of the signals in the code domain, for which a muting pattern (or different periodicity of the UL-PRS transmission of the UEs using the same time/frequency resources to ensure that SINR is randomized needs to be considered.
SSB-based beam reporting may be sufficient for UL-PRS transmission. 
Observation 1: There is a need to address UEs requirements in terms of positioning accuracy and update rate, simultaneously striking a balance between use of resources (time, frequency, code … etc.) and keeping interference within acceptable limits. 
Proposal 1: Investigate strategies to assign signaling resources to the UEs addressing their requirements and keep the signaling overhead within acceptable limits. 
Observation 2: Uplink positioning requires a strategy different from data transmission for managing beams, because the uplink positioning signals need to be received at several gNBs with an acceptable quality. 
Proposal 2: Procedures for beam management for uplink positioning reference signals, required signaling and their impact on tradeoff between update rate, interference and required resource need to be investigated.

Observation 3: The neighboring gNB may receive the UL_PRS (UL positioning reference signal = SRS or other) with low SINR. Cross correlation properties and interference level mitigation concepts are essential. The SINR depends on the position of the UE and the power assigned to the UL-PRS. 
Proposal 3: Investigate grouping of UEs (proposed below) to address the coordination of resources among several gNBs.

Observation 4:  The allocation of SRS depends only on the serving gNB and is not optimized to be received within a group of gNB within the positioning service area.
Proposal 4: Investigate and introduce new UL-PRS (SRS like sequence or other), whose transmission characteristics (bandwidth, power, and resources) can be coordinated among several gNBs. 

Observation 5: Flexibility in UL-PRS signal allocation is needed to address different requirements on positioning from different users. 
Proposal 5: Introduce flexible resource allocation of UL-PRS based on user groups and offer full flexibility of allocation of UL-PRS resources and bandwidth. 

Observation 6: Shadow fading and suboptimal (or no) “grouping” may result in critical SINR scenarios exceeding the capability of separation of the signals in the code domain. 
Proposal 6: Consider muting pattern (or different periodicity of the UL-PRS transmission of the UEs using the same time/frequency resources to ensure that SINR is randomized. 

Observation 7: It is envisaged that SSB-based beam reporting may be sufficient for UL-PRS transmission. However, this needs to be further studied. 
Proposal 7:  The SSB based selection of beams for UL-PRS shall be further studied. 
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