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1. Introduction
In the last RAN1 meeting (RAN1#97, Reno) the following agreements were made on UL reference signals: 

Agreement:
SRS transmissions for positioning are realized with staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· FFS: construction of the pattern inside the SRS resource structure

Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15

Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset  range of {0,1,…,13}.

Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)

[bookmark: _Hlk534904380]In this paper, we present our views on UL Reference Signals for positioning.
3 UL PRS structure: SRS for positioning
A new reference signal for navigation and positioning would have the most flexibility and could be fully optimized for its dedicated purpose.  However, reusing existing NR physical channels and signals could simplify PRS design and implementation. For this reason, it was agreed in a previous meeting to have the SRS of NR Rel-15 as the starting point of the PRS design. We now provide additional details on the SRS for positioning for NR Rel-16. 
3.1 Frequency-domain mapping
The following agreements were made regarding the frequency domain pattern of SRS for positioning: 
	Agreement:
SRS transmissions for positioning are realized with staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· FFS: construction of the pattern inside the SRS resource structure

Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)



Having already 3 different comb sizes provides large flexibility for the SRS for positioning. There is no clear technical need to add more comb-types beyond the three that were already agreed, except ensuring the minimum latency/overhead for the SRS for positioning which can be achieved by a comb-1 signal spanning only one OFDM symbol. 
[bookmark: _Hlk15573919]Proposal 1: For positioning, comb-1 is also supported which is used only for the case of 1-symbol SRS resource for positioning. 
Regarding the cyclic shifts for each comb size, for comb-2 and comb-4 in NR Rel-15 (and LTE), 8 and 12 cyclic shifts are supported for a bandwidth of at least 4 PRBs. This means that up to 2*8=16 ports and up to 4*12=48 ports can be orthogonally multiplexed through FDM and CDM for comb-2 and comb-4 respectively. A similar capacity of up to 48 ports can be supported for comb-8 also, which means 6 cyclic shifts are needed to be specified. This would also allow to have a 4-PRB SRS BW with comb-8 (only 6 resource elements per comb). 
Proposal 2: For positioning, 6 cyclic shifts for comb-8 are supported. No change in the number of cyclic shifts for comb-2 and comb-4.
In order to avoid cross-correlation peaks cause by RE holes in frequency domain, the number of SRS symbols shall be equal to the comb-type with the following proposed deterministic sequence of shifts. Such sequence of shift is also helpful for the case of a UE in a high mobility scenario where the receiver may want to perform coherent combining only across a subset of OFDM symbols due to faster decorrelation. Ensuring that consecutive symbols containe subcarriers which are uniformly spaced would facility such block-based coherent processing of the PRS. 
[image: ]
Figure 3‑1 Comb-4 with suggested frequency offset (vshift) sequence  
[image: ]
Figure 2 Comb-8 with suggested frequency offset (vshift) sequence  
Proposal 3: For positioning, the frequency domain shifts are chosen according a round robin fashion from the following sequence for all the symbols of the SRS resource inside a slot. 
· For comb type 2: 
· For comb type 4: 
· For comb type 8: 

For example, if the SRS resource spans 12 symbols with comb-4, then the sequence of comb-offsets would be three times the sequence shown above:  . 

3.2 Time-domain mapping: UL power limitation
The following agreements were made regarding coverage extension of SRS for positioning: 
	Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15



It is generally known that UL coverage is one of the biggest problems of UTDOA positioning technique. Especially in scenarios of UMa, it is difficult to even meet the regulatory requirements as also shown in the evaluation results from several companies in the TR 38.855. 
Specifically, in the Summary of evaluations, the results from 2 out of 5 companies showed that regulatory requirements may not be met. 
	For the UMa scenario, channel models and simulation assumptions, the following can be observed for horizontal accuracy as described in section 5 of the TR for regulatory and commercial requirements:
-	For scenario 3, the evaluations from 3 out of 5 sources showed that UL-TDOA can meet the regulatory requirements. 
-	1 source showed that indoor and outdoor UEs could not meet the regulatory requirements, even under perfect network synchronization.
-	1 source showed that indoor UEs could not meet the regulatory requirements, even under perfect network synchronization.



From the 3 companies that argue that regulatory requirements can be met with UTDOA we make the following observations in their simulation assumptions:
· All three companies assume ideal muting in UL [4], [5], [6],
· One company uses Singular Value Decomposition (SVD) precoding for transmitting the SRS [4].
Observation 1: In the UMa UTDOA evaluations, simulations assumptions used by the companies which meet the regulatory requirements are optimistic. 
Whereas for OTDOA (where the main difference in the simulation assumptions is the transmit power), all companies showed that the regulatory requirements can be met. 
	For the UMa scenario, channel models and simulation assumptions, the following can be observed for horizontal accuracy as described in section 5 of the TR for regulatory and commercial requirements:
-	For scenario 3, the evaluations from 12 out of 12 sources showed that DL-TDOA can meet the regulatory requirements.  



Similar considerations can be made for RTT, where the UL PRS measurement is the bottleneck of the procedure, albeit in a lesser extent since the DL PRS measurements are more robust. To see this with a toy example, consider the case that the noise in the TOA estimate on DL ( and UL ( can be modelled as independent additive white Gausian noise random variables of variance of  and  respectively, equal for all gNBs for simplicity, with . Then, the variance noise of an element of the  UTDOA vector  () vector will be , whereas an element of the RTT vector () will have a variance of . We observe that, even though RTT may be affected by the UL signal power to a smaller extent than UTDOA, it would be a more robust design to introduce SRS configurations which can be reused independently of the positioning procedure. 

[bookmark: _Ref1134966][bookmark: _Hlk15573934][bookmark: _Hlk4766228]Proposal 4: For positioning, regarding time-domain SRS enhancements:
· Support configuring 12 SRS symbols per SRS resource. 
1 
2 
3 
3.1 
3.2 
3.3 
3.3.1 
3.3.2 
3.3.3 
4 SRS for Positioning in RRC or LPP?
Similar to the NR Rel-15 SRS, the SRS for positioning (referred to as UL-PRS) can be configured for periodic, semi‑persistent, or aperiodic transmissions as agreed by RAN1. For the Rel-15 SRS this means:
-	A periodic SRS is transmitted with a certain configured periodicity and a certain configured slot offset within that periodicity;
-	A semi-persistent SRS has a configured periodicity and slot offset in the same way as a periodic SRS. However, actual SRS transmission according to the configured periodicity and slot offset is activated and deactivated by means of MAC CE signalling;
-	An aperiodic SRS is only transmitted when explicitly triggered by means of L1 DCI.

The Rel-15 SRS configuration is provided to the UE using the RRC IE SRS‑Config, which may be included in the uplink BWP configuration. A target UE can be configured with multiple SRS resource sets that can be used for different purposes (parameter usage in the RRC IE SRS‑Config). Therefore, the UL-PRS for Rel-16 may make use of the RRC IE SRS‑Config; e.g. by defining a new "positioning usage" parameter and using the Rel-15 SRS activation/deactivation/trigger mechanism. 

However, this seems less practical for the following reasons:
(a)	Not all parameters required for the "positioning SRS" can be determined by the serving gNB 
-	Pathloss Reference. The Rel-15 SRS configuration can include a pathloss reference (SSB index or CSI-RS index) to be used for SRS pathloss estimation. The DL pathloss estimate obtained by the UE based on the configured reference signal (SSB or CSI-RS) controls the SRS transmit power. For the UL-PRS transmit power control, the UE can be instructed to use neighbour cells for pathloss estimation. The DL reference signal which can be used as pathloss reference is still FFS (candidates include SSB, CSI-RS, and/or DL-PRS). However, the neighbour cells for positioning are selected by an LMF (e.g. based on a-priori UE location information and desired QoS, etc.), and therefore, the UL-PRS pathloss reference needs to be selected by an LMF.
-	Spatial Relation between UL-PRS and DL RS. In Rel-15, each SRS resource can have a spatial relation with a DL reference signal (SSB index or CSI-RS index), or with a SRS resource. The UE then transmits the target SRS resource with the same spatial domain transmission filter as used for the reception of the reference SSB or CSI-RS; or with the same spatial domain transmission filter used for the transmission of the reference SRS. In essence, such a spatial relation means that the UE transmits the UL-PRS using the same beam as it used for receiving the corresponding downlink signal. However, for positioning, the target UL-PRS (SRS) can have a spatial relation with a DL reference signal from neighbouring cells.  The reference DL RS can be at least an SSB index; other DL RSs such as CSI-RS or DL-PRS are currently FFS. Since the neighbour cells for positioning must be selected by an LMF (e.g. based on a-priori UE location information and desired QoS, etc.), the spatial relation information for the UL-PRS needs to be determined by an LMF.

[bookmark: _Hlk16522896]Observation 2: At least 2 parameters in SRS config (pathloss reference and spatial Relation Info) cannot be determined by the serving gNB. 

(b)	Activation of UL-PRS should only be required once all selected gNBs have been configured for UL-PRS measurements (and have accepted the UL-PRS measurement request).  The serving gNB cannot autonomously activate or deactivate the UL-PRS by means of e.g. MAC CE signalling or by DCI, since the activation needs to be coordinated with the measuring gNBs/TRPs. Therefore, the UL-PRS activation/trigger must be sent from the LMF. 

[bookmark: _Hlk16522904]Observation 3: Activation of UL-PRS should only be required once all selected gNBs have been configured for UL-PRS measurements (and have accepted the UL-PRS measurement request).  The serving gNB cannot autonomously activate or deactivate the UL-PRS.

For item (a) the LMF could provide the parameters to the serving gNB using NRPPa signalling (e.g., at step 3 in the Figure 3). However, at this step the LMF does not know whether each neighbour gNB is able to accept the UL PRS measurement request at step 8, and therefore, the UE may be configured with a e.g. pathloss reference or spatial relation from a neighbour cell which does not participate in the UL positioning measurement process.

Similarly for item (b), new NRPPa signalling may be introduced to trigger SRS activation/deactivation at the serving gNB. However, this appears equivalent to using direct LMF-UE signalling via LPP as in step 9 in Figure 3 above. In particular, for positioning methods which require LPP signalling in any case (e.g., UL+DL methods or hybrid methods), this NRPPa signalling and activation would be an additional and redundant signalling step; in particular since the LMF needs to know the UL-PRS configuration anyhow for configuring the neighbour gNBs (step 8 in Figure 3).

Instead of using the Rel-15 SRS mechanism, Figure 3 considers the UL-PRS (SRS) configuration essentially as "assistance data" for both, UE and measuring gNBs; they determine the time/frequency/spatial information for the UE to transmit and for the gNBs to measure the UL-PRS.  Similarly, the activation/deactivation/triggering could be equivalent to a "LPP location request". 

This may also better support UE mobility. I.e., the UE could continue transmitting the configured/activated UL-PRS configuration during/after handover, since this is controlled by an LMF. Using the Rel-15 SRS mechanism, the configured e.g. semi-persistent SRS resource sets are deactivated after a handover and would need to be re-activated by the new serving cell. However, the new serving cell has no "positioning context", which seem to require additional NRPPa signalling to inform the LMF about a cell change and configure/trigger UL-PRS in the new serving cell.

[bookmark: _Hlk16522911]Observation 4: Configuring the UL PRS (SRS) through LPP than RRC (legacy Rel-15 SRS mechanism), enables a more robust positioning procedure with regards to UE mobility. 

However, using LPP for SRS configuration and activation as described above could result in colliding SRS configurations at the UE; i.e. multiple SRS resources could occur in the same symbol. E.g., a "normal" SRS usage for e.g. codebook-based may collide with the UL-PRS (e.g., conflicting pathloss reference or spatial relation). For semi-persistent or aperiodic UL-PRS, the collision should only happen when SRS is triggered to be transmitted, and not when it is just configured. However, since the serving gNB can determine non-positioning specific SRS details at step 4 in Figure 3, the serving gNB would be aware of the UL-PRS resource sets. This may require reserving UL-PRS resources which cannot be used for other applications. However, this may be less of a concern, since the positioning SRS (UL-PRS) appears less useful for other purposes anyhow (e.g., given the pathloss reference or spatial relation) and the reuse of an existing (Rel-15) SRS configuration/usage for positioning would still be possible with the procedure in Figure 3 since this can be decided by the serving gNB at step 4 in Figure 3. Otherwise (e.g. if collisions would happen after handover), some priority/collision handling rules could be specified.

[bookmark: _Hlk16522917]Observation 5: Collision rules can be defined if an SRS configured through RRC collides with an SRS resource configured through LPP (similar rules were defined for SRS resources of different time-domain behavior). This could only happen only in handover cases. 

One possibility to enable a serving gNB to be aware of the precise UL-PRS resources configured by the LMF using LPP and avoid the problems described above would be to add some additional information to the NRPPa UL PRS Measurement Request sent to the serving gNB at step 8 in Figure 3. With this approach, the serving gNB can provide the LMF with SRS resources that are available for UL PRS at step 4 in Figure 3 and the LMF then determines some subset of this including the start and stop time for transmission. The serving gNB can also send this information to any new serving gNB following handover in a handover request message to enable the new serving gNB to similarly avoid conflicts with the UL PRS.

Proposal 5: UL PRS configuration (i.e. SRS config used for positioning) is defined in LPP assistance data. If considered essential, specify collision rules between an SRS resource defined in RRC and an SRS resource defined in LPP if a UE receives inconsistent SRS requests between the 2 higher layer protocols.  


Figure 3: Exemplary uplink-downlink timing relation for two gNBs.
5 Conclusion 
In this contribution, we make the following observations:
 Observation 1: In the UMa UTDOA evaluations, simulations assumptions used by the companies which meet the regulatory requirements are optimistic. 
Observation 2: At least 2 parameters in SRS config (pathloss reference and spatial Relation Info) cannot be determined by the serving gNB.
Observation 3: Activation of UL-PRS should only be required once all selected gNBs have been configured for UL-PRS measurements (and have accepted the UL-PRS measurement request).  The serving gNB cannot autonomously activate or deactivate the UL-PRS.

Observation 4: Configuring the UL PRS (SRS) through LPP than RRC (legacy Rel-15 SRS mechanism), enables a more robust positioning procedure with regards to UE mobility. 

Observation 5: Collision rules can be defined if an SRS configured through RRC collides with an SRS resource configured through LPP (similar rules were defined for SRS resources of different time-domain behavior). 

In this contribution, we make the following proposals:
Proposal 1: For positioning, comb-1 is also supported which is used only for the case of 1-symbol SRS resource for positioning. 
Proposal 2: For positioning, 6 cyclic shifts for comb-8 are supported. No change in the number of cyclic shifts for comb-2 and comb-4.
Proposal 3: For positioning, the frequency domain shifts are chosen according a round robin fashion from the following sequence for all the symbols of the SRS resource inside a slot. 
· For comb type 2: 
· For comb type 4: 
· For comb type 8: 

Proposal 4: For positioning, regarding time-domain SRS enhancements:
· Support configuring 12 SRS symbols per SRS resource.

Proposal 5: UL PRS configuration (i.e. SRS config used for positioning) is defined in LPP assistance data. If considered essential, specify collision rules between an SRS resource defined in RRC and an SRS resource defined in LPP if a UE receives inconsistent SRS requests between the 2 higher layer protocols.   
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