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Introduction
[bookmark: _Hlk510705081]Work on the current study item on positioning support in NR [1] continued at RAN1#1901 and agreed UL positioning methods and measurements. In Rel-15 NR UL positioning discussion, the legacy UL-based methods such as UTDoA can be supportive, also further enhanced UL-based techniques are under discussion. 
In the last meeting, overall discuss scopes are given as agreement below. The UL reference signal design is the basic and core discussion for UL positioning supports, accordingly, measurement discussion from the reference signal design will be followed. Also, companies have shared views to support FR2 UL positioning, so further discussion topic has been captured regarding the reference signal and beam-based transmission scheme for FR2. 
The focus of the work has been on RAT-dependent solutions. UL solutions were agreed to be candidates for RAT-dependent positioning solutions with measurement candidates below. This contribution continues discussion on the UL based solutions. See our companion contributions [8] and [9] for Nokia’s view on the DL and DL+UL based solutions respectively. At RAN1 Adhoc-1901 the following agreements were made regarding UL solutions on NR positioning studies take from [3]:
	Agreement: 
NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2 
0. UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported 

NR should support UL-AoA based positioning techniques in FR1 and FR2 
0. UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported

NR UL SRS is used as a starting point for design and analysis of UL PRS
0. Further study if and which enhancements are needed
0. FFS: NR UL PRS relationship with UL BWP and component carrier

Agreement: 
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
0. UL RTOA measurements
0. UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
0. UL RSRP (reference signal received power) measurements
0. gNB RX-TX time difference measurements

FFS: At least the following aspects for NR UL PRS design 
0. Use of UL beam sweeping at FR2 
8. Beam sweeping includes possibility of quasi-omni transmission
0. Use of UL beam alignment at FR2 through DL reception and beam correspondence
0. UL Power control aspects
0. UL timing advance aspects




Discussion
Reference signal design for NR UL positioning 
The UTDOA, as an uplink-based positioning solution, has been standardized in 3GPP Release 11 for LTE positioning. In the last meeting, NR SRS has been agreed to be a baseline reference signal for UL positioning. It is reasonable to consider SRS as baseline because it is used for LTE-A UL positioning reference signal, so the same conceptual operation can be defined in NR UL positioning as well. While NR SRS has similarity as LTE SRS, but there exist additional features in NR SRS discussion. Further discussions is required to review on NR SRS for UL positioning purpose. 
First, Rel-15 NR SRS has been defined for sounding, that is the original usage of SRS, also for UL beam management purpose that is mainly used for FR2. Rel-15 SRS highlight configurations are summarized as below 
Rel-15 NR SRS sequence: LTE-A sequence is reused (gold sequence)
Rel-15 SRS resource allocation
· Comb-2 and comb-4 are supportive. 
· SRS starting symbols are given as {9,10,11,12,13,14}th symbol
· Number of SRS symbols N={1,2,4}
· SRS repetition factor = {1,2,4} within N symbols
· Periodicity : 1,2,4,5,8,10,16,20,32,40,64,80,160,320,640,1280,2560 slots 
· Frequency hopping (inter slot, intra slot)
 Rel-15 SRS resource set configurations :
· Single / multiple SRS resource sets can be configurable.
· A resource set is configured for codebook-based / non-code-book based UL transmission
· SRS TX antenna switching
 Max number of SRS resource set =16 
 Max number of SRS resource configuration per a set=16 
 Max number of SRS resource configurations = 64 
Since RAN1 selected SRS is the baseline reference signal for UL positioning in the last meeting, the addressed SRS configurations need to be discussed further to check if UL positioning can be properly operated with good performance. Some configurations of Rel-15 SRS allocation may be revisited through the positioning discussion. We shortly summarize possible changes of Rel-15 SRS configuration for positioning above. We observe Rel-15 SRS has been defined with flexibilities, Rel-15 SRS mainly has been designed for sounding, CSI and beam management, but the positioning purpose has not been included in the design scope. In LTE, UL positioning is a extra benefit from SRS transmission scheduling, while it performs sounding operation in the network. However, in the NR, there may be needs to configure multiple SRS resource configurations separately for UL positioning due to configuration difference such as precoding, beamforming and resource allocation. We discuss details as below.
Comb-N structure with staggering REs 
Firstly, RAN1 needs to discuss the resource allocation of UL PRS based on UL SRS allocation structure. In RAN1#AH-1901, basic UL-PRS discussion has been done [4~6], in which comb structure and RE staggering has been discussed. As checked in Rel-15 SRS, it is feasible to allocate SRS in such ways with configuring multiple SRS resources with different slot offset, symbol offset, and comb offset for orthogonality between UEs. In conclusion, comb-2 or comb-4 with staggering allocation is already possible under Rel-15 spec. Figure 1 illustrates SRS comb structure example. As we analyse Rel-15 spec, Comb-1 SRS is not supportive. Comb-2 and Comb-4 are supportive. Also, if wanting to make the staggering structure, multiple SRS resource configuration can be configured with different RE offsets, since RE offset can be configured differently per a SRS resource configuration. For example, Comb-4 with staggering can be configured as 4 SRS resource configurations having comb-4 in a single symbol and staggering RE offset in each SRS resource configuration. Comb-4 with 2-tone-offset staggering is also possible in this way.
Observation 1 : SRS comb-2 or comb-4 with staggering allocation is possible under Rel-15 spec.



Figure 1 : Positioning signal frequency density : (i) Comb-1 contiguous tone, (ii) Comb-2 with staggering, (iii) Comb-4 with 2-tone offset staggering, and (iv) Comb 4 with staggering.  
Further comb-N structure needs to be further discussed with studying positioning performance. The UTDOA positioning method usually occupies more network resources than the OTDOA positioning method, when many UEs request positioning service simultaneously. Each of UEs requesting positioning service requires serving cell and every LMU to reserve resource for receiving positioning reference signal (e.g., SRS). First, comb-1 structure may have benefit to cover long delay spread, but there is an overhead issue. Under the Rel-15 spec, we see that SRS comb-1 is not supportive. Even if setting two of comb-2 SRS resource configurations with RE offset=0,1, the RE allocation will be contiguous like comb-1, but cyclic shift (CS) will be broken. So, comb-1 structure needs some spec change from Rel-15. When N>1, ambiguity from aliasing may happen, however it is up to LMUs/gNBs deployment and channel delay. It can also reduce overhead issues in some usecases like indoor scenarios. In this sense, a large ‘N’ will be proper to control overhead. Comb configurations needs to make balance between efficiency and performance with flexible structures. The comb structure gives more flexible MU scheduling and the staggering RE structure has benefits to boost TX power from an UE. Especially, RAN1 discusses about SRS beam sweeping for UL positioning, it may need more flexible RE structures such as N>4 comb structure. we think RAN1 needs to discuss comb-N structure with N>4 for positioning purpose. 
Proposal 1 : The baseline SRS for UL positioning is NR SRS comb-2 or comb-4 with staggering allocation with adopting Rel-15 NR SRS configurations.
Proposal 2 : Consider comb-N SRS structure for UL positioning with N=1 and N>4 (i.e. N=6), which require Rel-15 SRS specification changes.
Rel-15 Precoded SRS
For UL positioning, a very simple way of UE SRS transmission will be quasi-omni-directional transmission as agreed in the last meeting. We note that Rel-15 SRS is designed with digital precoding and analog beamforming. TS38.214 6.1.1 addresses about UL transmissions. It says that two SRS transmission schemes are possible with codebook-based transmission and non-codebook-based transmission as PUSCH transmission. Such SRS precoding behaviors limit more hearability of neighbor cell, we think that SRS precoding should be different at least for UL positioning purpose. There is SRS precoding RRC parameter of “spatialRelationInfo” in TS38.331. It is unclear yet how UE’s SRS precoding behaves when RRC “spatialRelationInfo” field is not given. In this case, an UE is allowed to use an arbitrary precoder on SRS transmission, which does not mean exactly non-precoding SRS. Non-precoding SRS transmission needs further clarification in TS38.214. We propose to clarify Rel-15 SRS precoding behaviors further to configure such that an UE does not apply precoding to SRS resource configurations for UL positioning purpose. Non-precoding means SRS ports make one-to-one mapping to physical TX antenna ports. Of course, network can configure other SRS resource configurations with precoded SRS for sounding and CSI purpose, of which behavior needs to be separated from positioning SRS to improve hearability. Regarding this, standard clarification is required.
Observation 2 : Rel-15 SRS can be precoded as PUSCH transmission toward serving cell, so it limits SRS hearability of neighbor cells in both FR1 and FR2 usecases. 
Proposal 3: Clarify Rel-15 SRS precoding behaviors further. An UE should not apply precoding to SRS resources for UL positioning.
UL Positioning support for FR2
For FR2, there exists hearability issue. In this case it may require the UE to send multiple signals using different beams in order to be heard by a sufficient number of gNBs to perform UTDOA.  
In Rel-15, SRS-based beam management scheme has been defined, a beamforming capable UE can sweep the SRS beams to find the best beam pair between a serving gNB and an UE. For a fixed gNB RX beam, a UE tries beam sweeping as Figure 2. Also, for a fixed UE beam, gNB RX beams can be swept to find the best beam pair. Therefore, the basic UL-based beam sweeping concept exists in Rel-15, but it is only toward the serving cell, neighbor cells are not considered regarding the beam sweeping information.


Figure 2 : Rel-15 SRS-based UL beam management in NR : 
Upper : NR beam sweeping for UL TX beam refinement toward serving cell, 
Lower : SRS-based UL RX beam refinement (lower)

However, these procedures in Figure 2 does not take neighbor cell hearability into account at all. It seemed unnecessary to include the neighbor cell behaviors in Rel-15 discussions, however Rel-16 positioning sees needs of both TX and RX beam sweeping behaviors to overcome hearability issues in FR2. Although quasi-omni-directional transmission is assumed from a UE, gNB RX beams need to be refined especially in FR2. Otherwise the hearability will be very poor except the serving cell. 
As agreement in the last meeting, DL reception and beam correspondence can be used for UL beam alignment at FR2 as the agreed assumption. The number of measurements is not enough for positioning performance, because the number of DL-beam-paired UE and neighbor cells will be few in practice.  
The beam sweeping neighbor gNBs still has to set a RX beam correctly corresponding to a SRS transmission, additionally UE TX beamform also achieves hearability improvement. While UEs are scheduled to transmit SRS for positioning, gNBs around UEs may be able to sweep its RX beam together. Therefore, in this case, time length of SRS transmission needs to be long enough to complete RX beam refinement. 
Observation 3: DL reception and beam correspondence can be used for UL beam alignment at FR2 as the agreed assumption. The number of measurements is not enough for positioning performance, because the number of DL-beam-paired UE and neighbor cells will be few in practice. 
Proposal 4 : Consider beam sweeping mechanisms both in TX and RX sides.
Note that Rel-15 already introduced beam-sweeping mechanism for beam-pairing as Figure 2, so we think it is worthy to discuss beam sweeping mechanisms for reasonable UL positioning performance. 
2.3  UL angle based solutions 

Our previous contribution [5] presented our initial view on UL AoA based positioning. We continue that discussion here. So far there haven’t been any proposals to introduce a new reference signal for UL AoA positioning. The common understanding of RAN1 seems to be that existing reference signals are sufficient for UL AoA positioning. Reference signal design for UL positioning is expected to take part mostly in the work item phase of the NR positioning work. 

Proposal 5: No new reference signal will be introduced solely for UL AoA positioning. This does not preclude UL AoA positioning using a reference signal that is modified for other UL based positioning (e.g., SRS enhancement or UL PRS).  

Proposal 6: RAN1 NR reference signal enhancements and/or design for UL positioning should prioritize the requirements and impacts for UTDOA. 

In LTE the AoA measurements that were specified were only for the serving cell. For UL AoA based positioning in NR the AoA measurement needs to be specified for neighboring cells as well. If all UEs are transmitting UL signals to all neighboring cells (e.g. omni-directional SRS) for UL AoA positioning this may cause interference concerns.  

Observation 4: Interference impacts on UL AoA should be considered when determining the UL reference signal discussion.  

On one hand FR2 is very attractive for UL AoA positioning as the number of antenna elements at the gNB is likely to be quite high, leading to more accurate estimates. On the other hand if the UE is performing transmit beamforming this may limit the hearability in the UL.  

Observation 5: At FR2 the hearability in the UL may negatively impact the performance of UL AoA positioning.  
Conclusion
In this contribution, we discuss about NR UL positioning with the proposals and observations below.
Observation 1 : SRS comb-2 or comb-4 with staggering allocation is possible under Rel-15 spec.
Proposal 1 : The baseline SRS for UL positioning is NR SRS comb-2 or comb-4 with staggering allocation with adopting Rel-15 NR SRS configurations.
Proposal 2 : Consider comb-N SRS structure for UL positioning with N=1 and N>4 (i.e. N=6), which require Rel-15 SRS specification changes.
Observation 2 : Rel-15 SRS can be precoded as PUSCH transmission toward serving cell, so it limits SRS hearability of neighbor cells in both FR1 and FR2 usecases. 
Proposal 3: Clarify Rel-15 SRS precoding behaviors further. An UE should not apply precoding to SRS resources for UL positioning.
Observation 3: DL reception and beam correspondence can be used for UL beam alignment at FR2 as the agreed assumption. The number of measurements is not enough for positioning performance, because the number of DL-beam-paired UE and neighbor cells will be few in practice. 
Proposal 4 : Consider beam sweeping mechanisms both in TX and RX sides.
Proposal 5: No new reference signal will be introduced solely for UL AoA positioning. This does not preclude UL AoA positioning using a reference signal that is modified for other UL based positioning (e.g., SRS enhancement or UL PRS).  

Proposal 6: RAN1 NR reference signal enhancements and/or design for UL positioning should prioritize the requirements and impacts for UTDOA. 

Observation 4: Interference impacts on UL AoA should be considered when determining the UL reference signal discussion.  

Observation 5: At FR2 the hearability in the UL may negatively impact the performance of UL AoA positioning.  
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