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Introduction
Regarding the reference signal design, the following agreements were made in 3GPP RAN1 #96bis meeting [1], which is captured as follows:
	Agreement:
· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID
· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP
· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)
· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 

Agreement:
· DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1
· FFS: cinit value for DL PRS
· QPSK modulation is used for the DL PRS signal transmitted using CP-OFDM
· FFS: Whether a DL PRS sequence generated using a different mechanism is also specified

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.
 
Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern

Agreement:
DL PRS configuration including DL PRS transmission schedule is to be indicated to the UE for DL PRS positioning measurements
· The UE is not expected to perform any blind detection of DL PRS configurations

Agreement:
Number of DL PRS Sequence IDs is at least 4096

Agreement:
Support of numerologies (CP length and sub-carrier spacing) for the DL PRS is the same as for data transmissions in Rel-15. 
Agreement:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.


In this contribution, we discuss the uplink reference signal design to support NR positioning especially for necessary enhancements of the current SRS (Sounding Reference Signals).

Discussion on UL Reference signal design 
In the previous meeting, even though we could not reach making an agreement to separate the SRS resources that are used for the estimation of UE’s location, most of the companies shared the similar views on the enhancement of the current SRS which is restricted to the purpose of NR positioning. An additional usage of SRS resource set needs to be defined to apply SRS enhancements only for NR positioning.
Proposal 1:
· An additional usage of SRS resource set needs to be defined to apply SRS enhancements for NR positioning.

Number of SRS symbols 
In the previous meeting, we discussed whether or not to increase the number of SRS symbols in addition to the current set {1, 2, 4} for each SRS resource. The current SRS was mainly designed to transmit to the serving gNB/TRP. In consideration of the SRS transmission to the neighbouring gNB/TRP, more symbols might be required to improve the hearability by repetition. Before deciding the number of symbols, however, it is necessary to determine how many neighbouring gNB(s)/TRP(s) should receive the SRS resource(s) transmitted from the target UE. Regarding the issues on whether or not to increase the last 6 symbols, it could be discussed after deciding the required number of SRS symbols per SRS resource.

Support of staggered pattern
According to the 6th agreement captured in Section 1, it was agreed to support the staggered RE pattern of SRS for NR positioning. Based on the current SRS resource configuration, the staggered RE pattern can be intuitively made by a guarantee of the same antenna port and same beam by aggregating multiple single-port SRS resources where each resource spans a single symbol. It could be introduced with an additional agreement to support the same antenna-port across multiple SRS resources, but the signalling overhead for resource configuration would be unnecessarily increased. Thus, it is reasonable to support the staggered patterns within a single SRS resource for NR positioning.
In consideration of the overhead, however, we prefer to reuse existing SRS resource configuration as much as possible, rather than introducing the frequency offset (Comb-offset) configuration for each symbol occupied by a SRS resource. For example, only a single (relative) comb-offset could be introduced in addition to the current frequency offset configuration, where the additional comb-offset and the currently configured comb-offset could be respectively used for the relative frequency offset and the frequency offset for the comb-N pattern of the first symbol. As another example, a set of candidate staggered patterns could be defined depending on the number of symbols and Comb type, and each candidate could be indicated by the current frequency offset value.
Proposal 2:
· NR positioning supports the staggered RE patterns for each SRS resource while reusing the current comb-offset configuration parameter as much as possible.

SRS transmission timing
In the previous meeting, the following options have been identified for the UL SRS transmission timing.
	Agreement:
For positioning purposes, with regard to the UL SRS transmission timing, at least the following options have been identified:
· Option 1: No adjustment is made to the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
· Option 2:  The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value can be provided by the UE to the network upon request.
· Note: The adjustment value is not needed to be known at the measuring cell for the purpose of UL-AoA measurement
· Option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value is provided by the network to the UE.


The timing advance (TA) was designed based on the serving cell timing for the effective wireless data communication between the UE and the serving gNB/cell. For the purpose of NR positioning, however, we need to consider a modification of the current TA configuration. If the target UE always transmits UL SRS resource(s) with the configured TA based on serving cell, ToA measurement accuracy of neighbouring gNBs/cells would degrade than that of the serving gNB/cell, which leads to attain the inaccurate RSTD measurements.
The requirement of NR positioning accuracy is tighter than LTE positioning, so higher RSTD accuracy is quite important. Thus, multiple TA configurations need to be considered with respect to not only serving cell timing but also timings for the multiple neighbouring cells in order to support the high accuracy positioning performance when using UL based or UL/DL based positioning technique(s).
In addition, the UE behaviour needs to be discussed when the timing advance configuration is changed during UL SRS transmission. If the configured TA value of the target UE is changed according to some reasons such as the change of serving cell during UL SRS transmission interval, the reception points such as neighbouring cells or LMUs would not be indicated about the changed timing advance information for a while. Because of the absence of the changed TA information, the ToA measurement accuracy could be degraded, and performance of the UL or UL/DL based positioning also can be degraded. Therefore, RAN1 needs to discuss how to indicate the changed TA value to LMF/TRPs and/or how to prevent TOA accuracy degradation.
Proposal 3: Support one or both of option 2 and option 3 of the above agreement.

SRS transmission power
In the previous meeting, the following agreement were made regarding the SRS transmission power
	Agreement:
For positioning purposes, with regards to the UL SRS transmission power, at least the following options have been identified:
· Option 1: The UL SRS Tx power is constant (i.e., no power control is supported). 
· FFS: The value of the constant Tx power and how it is determined
· Option 2: The UL SRS Tx power is based on the existing power control procedure.
· Option 3: The UL SRS Tx power is determined by modifying the existing power control procedure, for example:
· Support configuring a DL reference signal of a neighboring cell to be used for SRS path loss estimation. 
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS).
· FFS: which power control modes are supported (e.g., open loop only, or open loop and closed loop).


Multiple LMU/TRP should receive uplink SRS from a target UE to apply UL or UL/DL positioning technique(s). In this case, the distance between each LMU/TRP and the target UE would be quite different, so RAN1 needs to consider how to control UE’s transmission power to transmit uplink SRS resource intended to each LMU/TRP. Intuitively, a nearby LMU/TRP may receive strong signal power of uplink SRS, but a distant LMU/TRP may receive weak signal power of uplink SRS. In addition, if multiple UEs could transmit uplink SRS to LMU/TRP through the same time-frequency resource, then the weak signal(s) would not be detectable by LMU/TRP side. 
Thus, option 2 would be proper to SRS transmission intended to the serving gNB/cell or TRP(s)/LMU(s) within the serving gNB. The option 1 could be considered as a simple way to improve the hearability of the neighbouring cells if the SRS resource(s) is transmitted with a constant maximum power under the gNB’s control. In consideration of hearability of both of the serving cell and neighbouring cell, the option 3 would be the most proper way to support NR positioning.
Proposal 4: 
· Our first preference is option 3 but we also support option 1 if the constant power is the maximum transmission power under the control of the gNB.

Conclusion
In this contribution, we reveal our views on the enhancement of the current UL SRS for the purpose of NR positioning, and summarize our proposals as follows:
 
Proposal 1:
· An additional usage of SRS resource set needs to be defined to apply SRS enhancements only for NR positioning.

Proposal 2:
· NR positioning supports the staggered RE patterns for each SRS resource while reusing the current comb-offset configuration as much as possible.

Proposal 3: 
· Support one or both of option 2 and option 3, where
· Option 2: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value can be provided by the UE to the network upon request.
· Option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value is provided by the network to the UE.

Proposal 4: 
· Our first preference is option 3 but we also support option 1 if the constant power is the maximum transmission power under the control of the gNB
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