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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#83, a WI on positioning was agreed. In the WID, the following objective is mentioned [1]:
Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
In this contribution, we discuss aspects related to the DL and UL reference signals for NR positioning.

[bookmark: _Ref129681832]DL PRS configuration
PRS configuration structure
In Release 15, the CSI-RS resource set is specified for beam management and CSI acquisition. Each resource set consists of one or multiple CSI-RS resources. The resource set can be used for different functionalities and each of them corresponds to a different UE behavior. Some indicators, such as the IE trs-info and repetition On/Off, are also defined to distinguish different usages.
For PRS, it was agreed in RAN1 AH 1901 that an NR PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot. Whether and how to define PRS resource set was for further discussion during the WI phase.
In order to enable flexible configuration of PRS resources for different purposes, the PRS resource set and necessary usage indications need to be defined.  In particular, multiple PRS resources may be used as a resource set for different functionalities, such as for beam sweeping, or separating PRS resources transmitted by different TPs. It is hence useful to define the PRS resource set and the corresponding indicators. For example, a PRS resource set can consist of multiple resources belonging to the same cell or TP, where each PRS resource can be transmitted using a given beam. The UE is expected to receive the PRS resource set in an Rx beam sweeping manner to determine the best beam pair. In this case, the UE should combine the resources coherently for low complexity estimation.
On the other hand, the reporting can be configured by introducing a PRS resource set. For example, if a PRS resource set is configured for beam sweeping within a cell, for AOD measurement, the UE can measure the RSRP of these resources and report measurements of this resource set to the gNB. For DL-TDOA measurements, the RSTD can be calculated between different resource sets, which enables the UE report measurements for each cell/TP without the need for TP-IDs. The reported RSTD can be labeled by the PRS resource ID and the PRS resource set ID. Note that the NR-PRS ID can be a local ID within a PRS resource set, and a resource set ID can be a local ID for a given UE. 
Proposal 1: NR PRS resource sets are defined at least for beam sweeping purposes.
Proposal 2: 
· PRS RSTD reporting is defined by calculating timing difference between different resource sets. 
· PRS RSRP reporting is defined for resources within each resource set.
Relationship with BWP
In RAN1 AH 1901, companies proposed BWP-specific configuration of NR-PRS so that the UE can measure the associated PRS after the UE switches its active BWP. However, this will cause unnecessary signaling overhead, since the NR-PRS configurations are provided by each cell to the LMF, and then forwarded to the UE, including that of the serving cell and non-serving cells. The UE’s BWP configuration, however, is configured by the serving cell, and different UEs may have different BWP configurations.
To enable BWP-specific configuration of NR PRS, there are two possible options:
· Option 1:
· Each cell provides its BWP-agnostic PRS to the LMF.
· The serving cell uploads the BWP configuration of the UE to the LMF.
· The LMF configures the PRS to the UE according to its BWP configuration.
· Option 2: 
· The serving cell delivers the BWP configuration of the UE to the neighboring cells. 
· The neighboring cells provide the BWP-specific PRS configuration for this UE to the LMF.
· The LMF configures the PRS for the UE. 
Both options requires significant signaling for configuration, and reconfiguration in case BWP switches. To avoid unnecessarily complicating the PRS reception, we think a similar mechanism to CSI-RS for mobility should be considered for PRS reception, as agreed in RAN1#92b.
Agreements:
For intra-frequency measurement and if measurement gap is not configured, UE is not expected to measure the CSI-RS resources outside the active DL BWP.
Conclusion:
It is RAN1’s understandings that UE, which does not support simultaneous reception of multiple numerologies, requires measurement gap configuration in order to perform measurements of the CSI-RS for L3 mobility for intra-frequency measurements when the numerology of CSI-RS resource is different from the active DL BWP numerology.
To support BWP switch with numerology change without requesting a gap, the UE can be provided with multiple PRS resources with different numerologies for each cell, so that UE would only receive the PRS with same numerology as that of the active DL BWP. 
To support mismatch between bandwidth of PRS and BWP without requesting a measurement gap, the UE can receive the PRS within the BW of the active DL BWP.
Proposal 3: PRS resources are configured on a per-cell basis.
· BWP-specific PRS is not supported
Proposal 4: The PRS configuration for a cell can include multiple PRS resources with different numerologies
Proposal 5: For intra-frequency measurement, if the measurement gap is not configured, the UE is expected to measure the PRS resource with the numerology of the active DP BWP and within the bandwidth of the active DL BWP.

PRS interference mitigation
In order to perform positioning measurements, the UE is usually required to measure the signals transmitted by a distant neighboring cell, thus the signals could be weak and vulnerable to noise and interference. In LTE, each PRS can be configured with a muting pattern. The resource is muted to avoid interference to other PRSs. For NR PRS transmission, the interference mitigation is still an important factor. For FR2, the beamformed transmission and reception of PRS can cause/suffer from random interference to/from other beamformed PRSs. Therefore, the interference mitigation/randomizations schemes need to be supported in NR in both FR1 and FR2.
However, there are differences between LTE and NR interference mitigation, especially for FR2. For a given area, in order to support beam sweeping, the number of FR2 PRS resources in NR could be much larger than that in LTE. The resource-wise muting used in LTE can be a good starting point. However, if the muting pattern is configured on a per-resource basis, the signaling overhead can be significant, and reductions in overhead are necessary. 
Proposal 6: NR supports PRS interference mitigation through PRS muting.
· The PRS muting configurations should consider the signalling overhead, especially for FR2.
PRS pattern
During the SI, whether NR PRS pattern should occupy every subcarrier within the configured bandwidth was discussed (either with staggered pattern or a comb-1 PRS symbol). The rationale for this restriction is to avoid the holes in the PRS subcarriers that introduce unwanted side peaks in the autocorrelation function of the PRS. However, since the location of the side peaks in PRS autocorrelation are predictable, their impact on TOA estimation can be avoided by selecting a proper comb factor and configuring a proper search window. 
The UE can estimate TOA by performing time-domain autocorrelation and searching for peaks in the time domain. To reduce complexity and latency, a search window is provided to UE, which narrows down the possible TOA range. The PRS symbol only needs to have a single autocorrelation peak within the TOA range to avoid any ambiguity. In general, the waveform of a comb-N PRS symbol is equivalent to the waveform of a comb-1 PRS symbol being compressed in time domain, and repeated N times. An additional phase shifting is applied to each repeating component in the time domain when the FFT size is not divisible by the comb factor N. Therefore, a comb-N PRS symbol roughly has a non-ambiguous autocorrelation window N times smaller than that of its comb-1 counterpart. However, as long as the possible TOA range is smaller than the non-ambiguous autocorrelation window, the TOA can still be correctly estimated. An example is shown in Figure 1, where a 3-tap channel with a maximum delay of 120 Tsample is used for evaluation. It can be observed that by setting a proper TOA search window, the TOA estimation ambiguity can be avoided in the case of comb-2 and comb-4 pattern. 
[image: ]
[bookmark: _Ref536552576]Figure 1 Evaluation of non-ambiguous autocorrelation window under different comb factors

The time duration of PRS non-ambiguous autocorrelation window (NAAW) depends on both the comb factor N and OFDM symbol time (Tsymbol), which can be converted to range in meters as follows:

The non-ambiguous autocorrelation window for different subcarrier spacing are summarized in Table 1.          
	
	Comb 1
	Comb 2
	Comb 4
	Comb 6

	15kHz
	20000m
	10000m
	5000m
	3333.33m

	30kHz
	10000m
	5000m
	2500m
	1666.67m

	60kHz
	5000m
	2500m
	1250m
	833.33m


Figure 2 Summary of relationships with SCS and non-ambiguous autocorrelation range.

Observation 1：A PRS pattern with comb N>1 has no TOA ambiguity if a proper search window is configured.
In AH 1901, it was agreed that there was no data/control transmission multiplexed with dedicated NR-DL PRS resources. Thus, it is necessary to consider the overhead of PRS in the beginning of the pattern design so that the overall system capacity is not heavily influenced by the positioning function. 
In order to localize the UE, multiple gNBs must transmit PRS resources simultaneously. For FR2, the gNB needs to transmit PRS in a beam sweeping manner, which means more PRS resources are needed for transmission than at FR1. If the PRS pattern is specified to always occupy all the subcarriers, the PRS overhead will be large, especially for the large bandwidth PRS in FR2. Moreover, under this restriction, the network also lacks of the flexibility in balancing the overhead and performance, because in some small service area or scenarios with good channel condition, the TOA ambiguity caused by combed pattern can be avoided.
Observation 2：Restricting PRS pattern to occupy all subcarriers in the configured BW introduces large overhead and lacks flexibility.
Proposal 7:  PRS is allowed to occupy only a subset of equally-spaced subcarriers in the configured BW, the equivalent comb factor can be [{1,2,4,6}] .
PRS collision with SSB
In LTE, the PRS is not mapped to REs allocated to the core part of PBCH, PSS or SSS. Similarly, for NR, collisions between SSB and PRS should be avoided. This can be avoided by either puncturing the PRS or by avoiding transmitting PRS together on RBs where the SS is transmitted. We propose to adopt the latter solution in order to provide a simple solution.
Proposal 8:  PRS is not mapped to any RB that contains SS/PBCH block.
LTE PSS, SSS, and PBCH all have a fixed resource occupation within a radio frame. Thus, when a UE receives the PRS from a cell, it knows whether the PRS has collision with PSS, SSS, or PBCH and which part of the PRS is not transmitted. For the NR SS/PBCH block, the time domain resource is configurable by not transmitting some SS/PBCH blocks. The frequency domain resource is also flexible since the SS raster is not on the channel raster. Therefore, it is necessary to send information about the SS/PBCH blocks to the UE, based on which UE determines if a collision between the PRS and a SS/PBCH block happens.
Proposal 9:  The gNB provides SS/PBCH block related information to the UE along with the PRS configuration for each cell.
2-port PRS
In RAN1 96, whether to support 2-port PRS was left for further discussion. Since cross-polarization antennas are widely used by the gNB, it is natural to support at least two-port PRS, which can be transmitted by the gNB with a pair of cross-polarized antenna ports. The UE can then estimate the phase difference of the two antenna ports and coherently combine the received signals to improve the measurement performance. On the other hand, the cross-polarized RS can also be used to identify the LOS/NLOS link. The LMF may drop or adjust the weight of the corresponding measurements accordingly. Details of LOS/NLOS identification based on cross-polarized RS can be found in our previous contribution [2].
Proposal 10: Support two-port PRS transmission.
PRS QCL indication
It reduces UE complexity to receive PRS if PRS is QCLed with a signal that is already measured. For a neighboring cell measurement, the QCL source RS could be SSB or CSI-RS as configured e.g. for RRM. The QCL-type can be QCL-C (timing and Doppler) and/or QCL-D (Rx beam). Details can be found in our companion contribution [3].
Proposal 11: Support QCL indication for PRS. The reference RS can be SSB or CSI-RS.

PRS sequence design
PRS sequence generation
In LTE, the PRS sequence is generated based on the PRS symbol index within a radio frame, and a configurable PRS ID. A similar approach is adopted in NR CSI-RS where the sequence is based on the CSI-RS symbol index within a radio frame, and a configurable scrambling ID. Therefore, we propose that a PRS sequence in NR should also have the following structure:
· The PRS is based on length-31 Gold sequence.
· The sequence initializer for PRS symbol is based on:
· The PRS symbol index within a radio frame of the cell/TP transmitting PRS
· A configurable sequence initialization ID associated with a PRS resource, which could be different from the PRS resource ID
Proposal 12: The PRS sequence is based on length-31 Gold sequence, where the sequence initializer is based on:
· The PRS symbol index within a radio frame of the cell
· A configuration sequence initialization ID associated with a PRS resource
To receive PRS from a neighboring cell, a UE can be configured with a PRS period and offset. This periodicity and offset are based on SFN#0 of each neighboring cell. In case of asynchronous neighboring gNBs, there would be ambiguity, especially when the PRS period is smaller than 10ms, as shown in Figure 1. For example, a UE may not know whether the PRS from the neighboring cell belongs to the first half frame or the second half frame if the period of PRS is 5ms. To resolve this, LTE introduced a slot number offset. Since NR supports multiple numerologies, a unified timing indication of a neighboring cell should be provided to the UE.
Radio frame of the serving cell
First hypothesis for neighboring cell timing


Second hypothesis for neighboring cell timing
10ms
PRS receive window

Figure 3 PRS sequence generation ambiguity

Besides, if PRS frequency hopping is supported in NR, the system frame index of the PRS must be available at the UE.
In our view, providing the SFN initialization time of each transmission point to the UE is sufficient, since the LMF already has it as part of the cell information [4]. The UE can use this information to derive the transmission timing of PRS for each cell. This indication to the UE only has to be accurate at the slot level.
Proposal 13: SFN initialization time of each TP is provided to the UE.
Sequence ID
LTE defined 4096 PRS IDs for sequence initialization, and up to 3 PRSs can be configured per cell. For NR, it was agreed in RAN1 AH 1901 that the PRS will be transmitted in beam sweeping manner, hence it is expected that more PRS resources would need to be allocated to a cell. A PRS resource has a PRS resource ID and a PRS sequence ID. The PRS sequence ID, it should have a wide configurable range (e.g. 0~4095 or more) to improve interference randomization and sequence orthogonality. It is also beneficial for the cell/TP planning if each resource of each cell/TP within a large area has its own unique sequence ID. 
Proposal 14: The PRS sequence ID should have a wide configurable range (e.g. 0~4095 or more).

SRS configuration for UL-based positioning 
It was agreed in RAN1 AH 1901 [5] that NR SRS was used as a starting point for design and analysis of UL-based positioning solutions. During the positioning SI, the feasibility of different enhancements for UL SRS has been conducted and was reported to be beneficial [6]. In 3GPP RAN#83, it was determined that one of the RAN1-centric objectives during the work item is to “define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA”. In this section, the different aspects of SRS configuration for positioning purposes are described including the specifications consideration. 
[bookmark: _Ref3808985]SRS spatial domain transmission filter 
In NR, the UE may need to use a directional spatial domain transmission filter to beamform the UL RS or UL channel towards the intended destination. To facilitate a correct NR SRS transmit beamforming in FR2, a reference signal for SRS spatial domain transmission filter is introduced in NR specifications [7], [8]. In particular, the higher layer parameter spatialRelationInfo is introduced in the configuration of each SRS resource that contains the ID of a reference SSB, or the ID of a reference CSI-RS, or the ID of a reference SRS along with the ID of its corresponding UL BWP. If the UE is configured with the spatialRelationInfo containing the ID of a reference SSB, the UE transmits the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SSB. If the higher layer parameter spatialRelationInfo contains the ID of a reference CSI-RS, the UE transmits the target SRS resource with the same spatial domain transmission filter used for the reception of the reference CSI-RS. If the higher layer parameter spatialRelationInfo contains the ID of a reference SRS, the UE transmits the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference SRS [7]. Note that since the intended receiver in all Rel. 15 NR SRS usages is a serving gNB, the reference SSB or CSI-RS for SRS spatial domain transmission filter is configured and transmitted from a serving cell and, as such, UE requires only the ID of such SSB or CSI-RS to detect it.   
However, unlike the Rel. 15 NR SRS usages, SRS for positioning needs to also be received by neighboring gNBs. To determine an appropriate SRS spatial domain transmission filter in FR2 towards neighboring gNBs, the UE should receive the reference signal for SRS spatial domain transmission filter from the same direction as that of the SRS intended destination. Thus, the UE should be configured to receive reference signal for SRS spatial domain transmission filter sent from non-serving (neighboring) gNBs.
Proposal 15: Extend the existing UE configuration to receive reference signal for SRS spatial domain transmission filter from the neighboring gNBs. 
Note that to provide a SRS coverage for neighboring gNBs in FR2, it has been proposed to transmit SRS resources using beam sweeping. Beam sweeping may be applicable in some scenarios. However, transmitting SRS using beam sweeping in all directions to provide a coverage towards neighboring gNBs located in specific directions is not efficient or practical. Such a SRS beam sweeping results in a UE power drainage and an unnecessary overhead and an increased inter-cell interference. 
Moreover, as it will be discussed in Subsections 4.2 and 4.3, the DL RS used for UL-DL beam alignment towards the neighboring gNBs may also be used for a proper power control and/or gNB-specific timing advance measurements. This further justifies configuring UE to receive DL RS from a neighboring gNB for SRS transmission.
[bookmark: _Ref3816075]SRS Power Control 
As described in [9], the UE obtains a downlink pathloss estimate and uses it to calculate the NR SRS transmission power. The UE estimates the downlink pathloss from a RRC configured SRS resource set-specific parameter pathlossReferenceRS which contains either the ID of a pathloss reference SSB or the ID of a pathloss reference CSI-RS [8]. Similar to the discussion in Subsection 4.1, as the intended receiver in all current NR SRS usages is a serving cell, the pathloss reference SSB or pathloss reference CSI-RS is configured and transmitted from the serving cell and, therefore, the UE requires only the ID of such SSB or CSI-RS to detect it. As the serving gNB is likely to be closer to the UE than a neighboring gNBs, if the downlink pathloss estimate is used to transmit the positioning SRS meant to be measured at a neighboring gNB, the SRS received power may be too small to be detectable at the intended destination. A simple solution to this problem is to transmit such SRS resource sets with the maximum allowed power. However, such a solution results in both UE power overconsumption and an elevated UL inter-cell interference. A more efficient solution to this problem is to support a UE configuration to receive pathloss reference signals from neighboring gNBs. The pathloss estimate based on such a pathloss reference signal can then be used to transmit SRS with an appropriate power towards the intended destination. 
Simulations have been conducted to quantify the advantages of cell-specific power control for both UL-TDOA and UAoA positioning solutions in InH (Scenario 1 [6]) in FR2. Details of the simulation parameters are given in Appendix. For each solution, three power control methods are examined: 
· Serving cell-based power control (SPC): the pathloss to the serving cell is calculated and is used in the power control equation [9] to transmit SRS towards the serving and neighboring cells.
· Cell-specific power control (CSPC): the pathloss to each target cell is calculated and is used in the power control equation [9] to transmit SRS towards the same target cell.
· Maximum power transmission (MPT): all SRS resources are transmitted with the maximum power of 23 dBm.
In both SPC and CSPC methods, the power control is open loop and the srs-PowerControlAdjustmentStates in SRS-Config [8] is set to zero. 
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[bookmark: _Ref3819323][bookmark: _Ref3819317]Figure 4: CDF of the positioning error for UL-TDOA (left) and UAoA (right) solutions for the serving cell-based power control (SPC), cell-specific power control (CSPC), and the maximum power transmission (MPT) methods. 
As can be observed from Figure 4, in comparison with the MPT method, there is virtually no performance degradation due to the use of CSPC method. Both CSPC and MPT methods perform better than the SPC method at every error percentile.  
While CSPC and MPT methods have similar positioning accuracy performances, considerable reduction in the overall SRS transmit power level can be achieved using the CSPC method. Figure 5 shows the CDF of the transmit power when CSPC method is used for all SRS resources (green curve) and the SRS resources targeting the neighboring gNBs (red curve). As can be observed, 60% of all SRS resources are transmitted with less than the maximum power of 23 dBm and more than 35% of all SRS resources have more than 3 dB transmit power back off.  Among the SRS resources that are transmitted to the neighboring gNBs, around 54% are transmitted with some power back off and around 17% are transmitted with a back off more than 3dB. 
[image: ]
[bookmark: _Ref3821754]Figure 5: CDF of the transmission power for all SRS resources (green) and the SRS resources that are transmitted to the neighboring gNBs (red) in CSPC method. 
Considering the above discussion and observations, we propose the following. 
Proposal 16: For positioning purposes, support configuring the UE to measure the pathloss from neighboring gNBs based on received DL-RS sent from the neighboring gNBs.
Note that, in principle, the same SSB or CSI-RS reference signal configured for the SRS spatial domain transmission filter could also be used as the SRS pathloss reference signal. 
[bookmark: _Ref3816081]SRS timing advance
As discussed before, positioning SRS needs to be measured at a non-serving gNB whose distance from the UE may be considerably larger than the distance between the serving gNB and the UE. Therefore, if the same timing advance (TA) that is used for the UE’s UL channel transmission is also used to transmit SRS to such neighboring gNB, SRS may be received at the neighboring gNB with a delay larger than the CP; interfering with the UL transmission of the UEs that are served by the neighboring gNB. This problem is exacerbated when a larger subcarrier spacing and, hence, a smaller CP is used, or when the serving gNB and the neighboring gNB are not perfectly synchronized. To address this issue, a gNB-specific TA should be used if the SRS is transmitted toward a neighboring gNB. Such a gNB-specific TA can be determined by the UE, for instance, based partly on measuring the time-of-arrival of a DL RS transmitted from the neighboring gNB. Note that the gNB-specific TA is used only to ensure that the UL SRS received at the neighboring gNB is within the CP time of the intended UL symbol and, hence, its required accuracy is quite relaxed. As such, the time-of-arrival may be measured from a narrow-band DL RS such as a SSB of the neighboring gNB or a configured DL RS of the neighboring gNB that is used for the pathloss or the SRS spatial domain transmission filter determination. 
Observation 3: The time-of-arrival measurement of a narrowband DL RS from a neighboring gNB can be used to derive the TA corresponding to the neighboring gNB.
Further discussions on this topic can be found in our companion paper [3]. We have the following proposal:
Proposal 17: For positioning purposes, the UE obtains gNB-specific TA using timing measurement from a configured DL reference signal. 
SRS Sequence ID
In Rel-15 NR specification, SRS is based on Zadoff-Chu sequence given by , where  and  denote the sequence group ID and sequence ID within the group that can be further used to determine the root of the Zadoff-Chu sequence [10].  and  can be derived based on the configurable higher layer parameter sequenceId ( in RAN1 specification), and possibly in conjunction with the group/sequence hopping configuration.
The length of  is limited to 10 in Rel-15 NR, i.e., the total number of different SRS sequences is limited to 1024. This may be enough for UEs within one cell. However, the requirement is different for NR positioning where the gNB is expected to receive SRS from a UE in a neighboring cell, and therefore SRS sequence distinction is needed within a wider range than a single cell coverage. As such, increasing the available number of SRS sequences is beneficial in terms of reducing SRS collision and further mitigating the UL interference.
Note also that, in the current Rel-15 NR specification, the initialization of gold sequence, which is used to generate the symbol-specific  (group hopping) or  (sequence hopping), is under-used. Since  is only limited to 10 bits, the initialization  would always set the 21 MSBs of the initial state of the linear feedback shift register (LFSR) to 0.
-	if groupOrSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
-	if groupOrSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used and




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
Therefore, it can be concluded that increasing the length of  does not require any other RAN1 specification change and the specification impact of  bit extension is minimal. A value of [16] bits should be more than enough.
Therefore, we have the following proposal:
Proposal 18: The bit width of parameter sequenceId of the SRS resource configuration is [16] bits.
SRS Periodic and SP Configuration 
Periodic, semi-persistent, and aperiodic SRS transmissions are supported in NR where the time domain behavior of all SRS resources in each SRS resource set is the same. Aperiodic SRS transmission can be triggered by the ‘SRS request’ flag in DCI format 0_1, 1_1, or 2_3. The time interval from the triggering DCI to the SRS transmission is determined by the RRC signaling and is at most 32 slots in the SRS numerology [7]. Such a short latency between the triggering DCI and the single-shot SRS transmission is not enough to notify neighboring gNBs about the triggered SRS using backhaul signaling.  Moreover, the measuring gNBs may not be able to accumulate enough energy from a single-shot aperiodic SRS to provide an accurate UL-based positioning measurement. As such, we believe that only periodic and semi-persistent SRS are useful for positioning purposes in practice.  
Observation 4: Aperiodic SRS cannot support UL-based positioning solutions. 
The supported periodicities and slot offsets of the periodic and semi-persistent SRS are very flexible in Rel. 15 NR and can be reused for positioning purposes.  
Proposal 19: Reuse periodic and semi-persistent SRS resource set configuration from Rel. 15 NR for positioning purposes. 
SRS Resource Mapping
In NR Rel. 15, comb-2 or comb-4 is used to map SRS resource to the same set of REs of 1, 2, or 4 consecutive symbols within a slot. As all REs within the SRS resource bandwidth are not occupied, alias correlation peaks corresponding to the sidelobes may be observed at the receiver side; resulting in a misdetection of the time-of-arrival. To alleviate this problem, it is possible to use a staggered comb on consecutive SRS symbols so that all REs within the SRS bandwidth are occupied. 
It is desirable to support staggered comb without any impact on SRS resource mapping in [10]. For instance, staggered comb can be realized by staggering 2 or 4 single-symbol SRS resources that are mapped on consecutive symbols within a slot.
Observation 5: Staggered comb can be supported without any impact on SRS resource mapping in the specification by staggering multiple SRS resources on consecutive symbols. 
Proposal 20: For positioning purposes, SRS resource mapping in time and frequency domains follows the SRS configuration in NR Rel. 15.
SRS Bandwidth and Configured UL BWPs
The NR UE is configured with up to 4 UL BWP per serving cell. Each active serving cell has only one active UL BWP at a time which can be dynamically switched in DCI.  Each configured UL BWP may contain a SRS-Config IE that configures one or multiple SRS resource sets each of which further consisting of one or multiple SRS resources. For an active serving cell, the UE can only transmit SRS resources that are configured in the active UL BWP [10]. Moreover, using the SRS carrier switching feature, SRS can also be transmitted in a cell that is not configured for a PUSCH/PUCCH transmission. Carrier switching is supported for inter-band and intra-band carrier aggregation [7]. SRS transmission in the dynamically switchable active UL BWP and the SRS carrier switching feature provide substantial flexibility in the SRS transmission bandwidth in Rel. 15 NR. 
In RAN1 AH 1901, possible modifications in SRS for positioning configuration and transmission BW in relation to UL BWP were discussed. We believe that Rel. 15 NR SRS configuration and transmission with respect to UL BWPs should be carried over to SRS configuration and transmission for positioning purposes and the support for a further flexibility is not required. Any modification in the current relation between SRS BW and UL BWPs requires a substantial specification work with an unclear potential advantage. We believe that the only perceived drawback of using current SRS configuration with respect to UL BWPs is that the active UL BWP, and, hence, the transmitted SRS resources may dynamically change and it is not be possible to instantly inform the neighboring gNBs of such a change. Solutions to this potential drawback can be explored and discussed. Therefore, we propose the following:
Proposal 21: Carry over the configuration of SRS for positioning per UL BWP from NR Rel. 15. 
Proposal 22: Carry over SRS transmission in the active UL BWP of an active cell and SRS carrier switching from NR Rel. 15. 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we present our views on the DL and UL RS design. Based on the discussion, we have the following observations and proposals:
Proposal 1: NR PRS resource sets are defined at least for beam sweeping purposes.
Proposal 2: 
· PRS RSTD reporting can be defined by calculating timing difference between different resource sets. 
· PRS RSRP reporting can be defined for resources within each resource set.
Proposal 3: PRS resources are configured on a per-cell basis.
· BWP-specific PRS is not supported
Proposal 4: The PRS configuration for a cell can include multiple PRS resources with different numerologies
Proposal 5: For intra-frequency measurement, if the measurement gap is not configured, the UE is expected to measure the PRS resource with the numerology of the active DP BWP and within the bandwidth of the active DL BWP.
Proposal 6: NR supports PRS interference mitigation through PRS muting.
· The PRS muting configurations should consider the signalling overhead, especially for FR2.
Observation 1：A PRS pattern with comb N>1 has no TOA ambiguity if a proper search window is configured.
Observation 2：Restricting PRS pattern to occupy all subcarriers in the configured BW introduces large overhead and lacks flexibility.
Proposal 7:  PRS is allowed to occupy only a subset of equally-spaced subcarriers in the configured BW, the equivalent comb factor can be [{1,2,4,6}] .
Proposal 8:  PRS is not mapped to any RB that contains SS/PBCH block.
Proposal 9:  The gNB provides SS/PBCH block related information to the UE along with the PRS configuration for each cell.
Proposal 10: Support two-port PRS transmission.
Proposal 11: Support QCL indication for PRS. The reference RS can be SSB or CSI-RS.
Proposal 12: The PRS sequence is based on length-31 Gold sequence, where the sequence initializer is based on:
· The PRS symbol index within a radio frame of the cell
· A configuration sequence initialization ID associated with a PRS resource
Proposal 13: SFN initialization time of each TP is provided to the UE.
Proposal 14: The PRS sequence ID should have a wide configurable range (e.g. 0~4095 or more).
Proposal 15: Extend the existing UE configuration to receive reference signal for SRS spatial domain transmission filter from the neighboring gNBs.
Proposal 16: For positioning purposes, support configuring the UE to measure the pathloss from neighboring gNBs based on received DL-RS sent from the neighboring gNBs.
Observation 3: The time-of-arrival measurement of a narrowband DL RS from a neighboring gNB can be used to derive the TA corresponding to the neighboring gNB.
Proposal 17: For positioning purposes, the UE obtains gNB-specific TA using timing measurement from a configured DL reference signal. 
Proposal 18: The bit width of parameter sequenceId of the SRS resource configuration is [16] bits.
Observation 4: Aperiodic SRS cannot support UL-based positioning solutions. 
Proposal 19: Reuse periodic and semi-persistent SRS resource set configuration from Rel. 15 NR for positioning purposes. 
Observation 5: Staggered comb can be supported without any impact on SRS resource mapping in the specification by staggering multiple SRS resources on consecutive symbols. 
Proposal 20: For positioning purposes, SRS resource mapping in time and frequency domains follows the SRS configuration in NR Rel. 15.
[bookmark: _GoBack]Proposal 21: Carry over the configuration of SRS for positioning per UL BWP from NR Rel. 15. 
Proposal 22: Carry over SRS transmission in the active UL BWP of an active cell and SRS carrier switching from NR Rel. 15. 
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Appendix
	Parameter
	value

	Channel model (baseline, otherwise state any modifications)
	38.901

	Carrier frequency 
	30GHz

	Subcarrier spacing
	120kHz

	Reference Signal Transmission Bandwidth
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-4

	Reference signal (type of sequence, number of ports, …) 
	SRS: ZC, 1-port

	Number of sites
	12

	Number of symbols used per occasion
	4

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6 dB

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation…)
	Regular

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UAoA-ML estimation
UTDOA-Tylor expansion

	Network synchronization assumptions
	Sync error 0ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	BPL with Largest RSRP

	Precoding assumptions (codebook, nr of antenna elements used, etc)
	DFT codebook

	P0
	65 dBm

	α
	0.7
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