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1. Introduction
  A new work item on "NR Positioning Support" has been agreed at RAN#83 [1]. The objectives include:
RAN1 centric objectives
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) [RAN1]
0. Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
0. Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
0. Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
0. Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
1. Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
1. DL RSTD (reference signal time difference) measurements for NR positioning
1. DL RSRP (reference signal received power) measurements for NR positioning
1. UE RX-TX time difference measurements for NR positioning
1. Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
2. UL RTOA (relative time of arrival) measurements for NR positioning
2. UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
2. UL RSRP (reference signal received power) measurements for NR positioning
2. gNB RX-TX time difference measurements for NR positioning
1. If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]

In the RAN1#96bis meeting, the following agreements were made on UL reference signals: 

Agreement:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration

Agreement:
For positioning, regarding the number of SRS symbols per resource, decide by RAN1#97 whether to increase the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4}. 
· If it is not decided to increase the number of SRS symbols per resource by RAN1#97, increasing the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4} will not be considered further after RAN1#97.

Agreement:
For positioning, regarding the possible SRS symbol locations per slot decide by RAN1#97 whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.

Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· 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
· Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.

[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 previous meeting to have the SRS of NR Rel-15 as the starting point of the PRS design. 
3.1 Frequency-domain mapping
The following agreements were made regarding the frequency domain pattern of SRS for positioning: 
	Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· 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
· Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.



It is generally true that both above approaches could potentially result to the desired outcome of the UE transmitting the same port over all frequency subcarriers of the configured bandwidth across a collection of OFDM symbols. Therefore, what we need to examine is which option would result to higher UE complexities, specification work and unnecessary configurability. To do so, we can look in the current 38.331 specification of the configuration parameters which are on the SRS-resource-level: 
· Comb-type, Port Index, Cyclic-shift, Number of symbols per resource, Repetition factor per resource, Subband, Frequency domain positioning, Subband hopping, Sequence hopping, PeriodicityAndOffset.
If we support the second option, it would mean that the following strange and unnecessary complicated configurations would need to be discussed whether are supported or not:
· Multiple SRS resources of the set for positioning, with different comb-type but are still the same port.
· Multiple SRS resources of the set for positioning with different configured bandwidth in each one, and still the same port. Note that in this case, if the bandwidths are different, it may not be possible the UE to transmit the same port, due to the phase discontinuity that would result from the change in bandwidth. This could be true also with regards to subband hopping considerations
· SRS resources of the same positioning set which appear on non-consecutive symbols. Note again that phase discontinuity would likely be a problem, as a result of which the UE may not be able to transmit these resources using the same antenna port. 
· If the SRS resources of the same positioning set have different periodicity and offset, then again, the UE cannot guarantee that the tranmissions are phase continuous if they appear on different slots. 
Overall, if we entertain the direction of Option 2, it would mean that the SRS resources of the set would need to be transmitted always on contiguous OFDM symbols, transmitted on the same exactly physical resource blocks, with the same comb-type (but different comb-offsets), without any power change across the symbols, for the UE to ensure no phase discontinuity issues. Such constraints in Option 2 would effectively result to the same solution as Option 1. 
Observation 1: The SRS resources of an SRS resource set would need to be transmitted always
· on contiguous OFDM symbols of the same slot, 
· on the same exactly physical resource blocks, 
· with the same comb-type (but same or different comb-offsets), 
· without any power change across the symbols, and 
· with the same spatial relation info (if applicable),
for the UE to ensure no phase discontinuity issues across the SRS symbols. Adding such constraints would effectively result to the same solution as defining a staggered pattern on one SRS resource. 

Based on the above, we make the following proposals: 
Proposal 1: Regarding the support of staggered SRS transmissions for UL SRS positioning, support the option with staggered patterns in a single SRS resource. 
3.2 Time-domain mapping: UL power limitation
The following agreements were made regarding coverage extension of SRS for positioning: 
	Agreement:
For positioning, regarding the number of SRS symbols per resource, decide by RAN1#97 whether to increase the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4}. 
· If it is not decided to increase the number of SRS symbols per resource by RAN1#97, increasing the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4} will not be considered further after RAN1#97.

Agreement:
For positioning, regarding the possible SRS symbol locations per slot decide by RAN1#97 whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.



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 2: 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: _Hlk4766228]Proposal 2: For positioning, regarding time-domain SRS enhancements:
· Increase the number of SRS symbols per SRS resource to [14].
· SRS can be configured in the last N symbols of a slot where N = [14].
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4 [bookmark: _GoBack]Conclusion 
In this contribution, we make the following observations:
Observation 1: The SRS resources of an SRS resource set would need to be transmitted always
· on contiguous OFDM symbols of the same slot, 
· on the same exactly physical resource blocks, 
· with the same comb-type (but same or different comb-offsets), 
· without any power change across the symbols, and 
· with the same spatial relation info (if applicable),
for the UE to ensure no phase discontinuity issues across the SRS symbols. Adding such constraints would effectively result to the same solution as defining a staggered pattern on one SRS resource. 

Observation 2: In the UMA UTDOA evaluations, simulations assumptions used by the companies which meet the regulatory requirements are optimistic. 
In this contribution, we make the following proposals:
Proposal 1: Regarding the support of staggered SRS transmissions for UL SRS positioning, support the option with staggered patterns in a single SRS resource. 
Proposal 2: For positioning, regarding time-domain SRS enhancements:
· Increase the number of SRS symbols per SRS resource to [14].
· SRS can be configured in the last N symbols of a slot where N = [14].
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