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Introduction
[bookmark: _Hlk510705081]As part of the recently approved WID [1], RAN1 has the following objective related to reference signals for NR positioning:
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]
· 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
This contribution presents Nokia’s view on the reference signal design for NR positioning. See our companion contributions [2] and [3] for our views on UE/gNB measurements and physical layer procedures for NR positioning respectively. 
Discussion
DL- PRS Design 
One of the key objectives of the work item is to define a new DL positioning reference signal (PRS) for NR. This section discusses the open issues for the PRS design and presents Nokia’s views. 
Bandwidth and SCS
As concluded in study item phase, configurable NR DL PRS signal numerology (SCS) should be supported. We see two remaining issues in the support of configurable DL PRS numerology in NR positioning.
1. What numerologies and associated bandwidths are supported?
The use of wide bandwidths for the PRS was shown in the SI evaluations [4] to provide higher possible positioning accuracies. Correspondingly the SCS settings used for those bandwidths should be supported for the NR PRS. 
Proposal 1: At least the bandwidths and associated SCS in Table 1 should be supported for NR PRS.
Table 1
	Frequency Range
	Bandwidth (MHz)
	SCS (kHz)

	FR1
	5
	15

	FR1
	50
	30

	FR1
	100
	30

	FR2
	100
	120

	FR2
	400
	120


2. How/whether to control DL PRS numerologies from multiple nodes?
As different numerologies have different subcarrier spacing and symbol duration, how to support PRS transmission from different gNBs (with potential different numerologies) multiplexed in the same PRS occasion becomes an issue. The most straightforward solution is using the same numerology for PRS transmissions from multiple base stations. However, gNB may work on different numerologies before PRS transmission. Additional RF switching may be required for PRS transmission, which brings additional complexity and delay not only for PRS transmission, but also for normal service which is providing by the gNB. Thus, it is beneficial to study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Proposal 2: Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
DL-PRS periodicity and duration
The lowest periodicity of PRS in LTE that was supported was 5 ms. 
Proposal 3: At least the following periodicities should be supported for NR PRS: {5, 10, 20, 40, 80, 160, 320, 640, 1280} slots. 
In LTE up to 6 consecutive subframes of PRS transmissions were supported. Luckily the evaluations during the SI phase showed that support for this high number of consecutive slots may not be needed for all BWs in NR [4]. This seems to stem from the fact that with wider BW signals even 1 slot may be enough for DL positioning support. However, if lower BWs are supported for individual UEs then this number of consecutive slots may again be useful. To allow flexibility in the NR DL PRS design the same number of repetitions from LTE should be supported. 
Proposal 4: Support the following consecutive number of slots for NR PRS: {1,2,4,6} per beam direction. 
DL-PRS sequence	
Many companies proposed using the Gold sequence for the NR PRS during the SI phase. It is reasonable that this sequence would be reused for the NR PRS. 
Proposal 5: The NR PRS uses the Gold sequence.
Number of ports for DL-PRS
For PRS transmission only 1 port was supported in LTE. However, using 2 ports to allow for multiple polarizations will be useful in NR. 
Proposal 6: NR DL-PRS supports 2 port transmission to allow for cross-polarization. 
DL-PRS resource sets and occasions
During the SI phase the following agreement on PRS resource was made: 
Agreement: NR DL 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, where N is left to future specification work.
A DL-PRS resource is equivalent to one beam direction, or one frequency shift, and a DL-PRS resource set consists of one or more DL-PRS-resources which are sent in different beam directions and/or with different frequency shifts. A DL-PRS occasion consists of one or more DL-PRS resource sets and spans over one or more consecutive slots.
Proposal 7: A NR DL PRS resource set is defined as a set of one or more NR DL PRS resources assigned to the same TRP. 
Proposal 8: A NR DL PRS occasion is defined as a set of one or more consecutive and/or concurrent NR DL PRS resource sets.
DL-PRS resource mapping
During the SI phase many different PRS resource mappings were proposed. Multiple companies have pointed out that the comb structure as well as the PRS resource mapping will have an effect on the sidelobe characteristics for timing estimation.
If comb structure flexibility can be supported for the NR PRS may be discussed further. However, the staggered structure should always be incorporated. 
Proposal 9: At least the comb-6 structure for NR PRS should be supported.
In LTE, the PRS is not mapped in all symbols in a subframe as shown in Figure 1. Symbols for DL control and cell reference signal (CRS) transmission are reserved. However, CRS is not required anymore in NR system. Therefore, all symbols except thoes for DL control transmission could in principle used for PRS mapping.
Observation 1: Some symbols in LTE were reserved for the cell reference signal (CRS), however in NR there is no such constraint.
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Figure 1. LTE PRS RE mapping for normal CP.
NR supports a fully dynamic TDD operation with flexible slot structure, i.e. any symbol could be a UL symbol or DL symbol. It would be beneficial to have a relatively flexible PRS mapping to reduce the limitation to slot format used for PRS transmission. Especially, PRS may only occupy paritial frequence resource in the DL BWP. 
One potential way is to support a scalable manner for PRS mapping. More specifically, a basic PRS mapping configuration could be defined as a baseline. gNBs could on-demand extend PRS mapping to other symbols as shown in Figure 2. Such joint (“basic + extended”) configuration can support more flexible PRS mapping, in order to minimize PRS transmission impact to normal service in the gNB.
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Figure 2: Example of extended PRS mapping
Proposal 10: It is beneficial to have a relatively flexible PRS mapping method to reduce the limitation to slot format used for PRS transmission.
Cell- and UE-specific DL-PRS
In previous meetings it has been discussed whether DL-PRS is UE specific or cell specific. In principle, it is desired that DL-PRS can be received from many UEs. In NR reference signals are not cell-specific to avoid transmissions that are actually not required, e.g. in directions where no UE is present that needs to receive DL-PRS. However, DL-PRS transmitted in one cell are received and measured not only from those UEs located in said cell, but also from UEs located in neighboring cells. UE-specifc DL-PRS configured in many neighboring cells may lead to imcreased complexity while the expected benefit is low. Therefore cell-specific DL-PRS is the more straightforward approach at least for FR1.
This baseline solution can be complemented by UE-specific on-demand DL-PRS, in particular in FR2, when the number of hearable cell-specific DL-PRS is limited due to reduced coverage, and additional beamformed DL-PRS are required to perform reasonable measurements. This concept is treated in more detail in our companion contribution [6 In [6], specific proposals regarding the assignment of PRS resource IDs in FR2 beamforming scenarios are provided.
Proposal 11: In FR1 DL-PRS configuration is cell-specific. In FR2 UE-specific on-demand DL-PRS can complement cell-specific DL-PRS.
E-CID downlink measurements
To support Enhanced Cell ID (E-CID) in Rel-16 the Rel-15 NR RRM measurements can be used as a baseline. This does not require any new measurement definitions or reference signal design by RAN1. 
Observation 2: No reference signal work is needed in RAN1 to support Rel-15 NR RRM measurements for E-CID. 
Proposal 12: Reference signal work and design for NR positioning support should not take E-CID into account. 
[bookmark: _Hlk4508044]In addition to Rel-15 NR RRM measurements it is possible that additional measurements will be added to NR E-CID in Rel-16. In a previous contribution [5] we highlighted that the following additional measurement should be considered for E-CID Rel-16:
· UE Rx-Tx time difference
· gNB Tx-Rx time difference
· Uplink Angle of Arrival, including elevation angle

These measurements have already been agreed to be part of the WI scope. 
Proposal 13: The decision on the specific measurements that are used for E-CID in Rel-16 should be left to RAN2. 
UL- PRS Design
In the NR positioning SI, 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 similarities to LTE SRS, there exist additional features in NR SRS design. Further discussion is required to review NR SRS for UL positioning purpose. 
Comb-N structure with staggering REs 
First, RAN1 needs to discuss the resource allocation of UL PRS based on UL SRS allocation structure. During the SI, basic UL-PRS discussion has been done [7], in which comb structure and RE staggering has been discussed. In Rel-15 SRS, it is feasible to allocate SRS by configuring multiple SRS resources with different slot 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 3 illustrates SRS comb structure example. As we analyse Rel-15 spec, Comb-1 SRS is not supported. Comb-2 and Comb-4 are supported. 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 3: SRS comb-2 or comb-4 with staggering allocation is possible under Rel-15 spec.



Figure 3: Positioning signal frequency density : Comb-1 contiguous tone, Comb-2 with staggering, Comb-4 with 2-tone offset staggering, and Comb 4 with staggering.  
Further comb-N structure needs to be discussed when studying positioning performance. The UL-TDOA positioning method may occupy more network resources than the DL-TDOA positioning method, when many UEs request positioning service simultaneously. Each of the 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. When N>1, ambiguity from aliasing may happen, however it is up to LMUs/gNBs deployment and channel delay and causes overhead in some use cases like indoor. In this sense, a large ‘N’ will be proper to control overhead, but we agree there is aliasing ambiguity issue. Comb configurations needs to create a balance between efficiency and performance with flexible structures. The comb-structure gives more flexible MU scheduling and the staggering RE structure has benefit to boost TX power from a UE. Especially, when RAN1 discusses 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 14: 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 15: Consider comb-N SRS structure additionally for UL positioning with cases N>4 (i.e. N=6), which requires Rel-15 SRS specification changes.  
Continuous SRS allocation in frequency REs (Comb-1) has been reviewed in Rel-15 SRS design discussions. Issues such as TX power, PAPR and UE capacity for SRS resources have been identified during Rel-15 SRS discussions, so there may not need to revisit the same issues in NR-Positioning discussion. Comb-2 with staggering is expected to perform like the Comb-1 structure, this WI needs to investigate Comb-1 benefit to determine if it is needed for positioning. 
SRS timing advanced control for positioning
One behavior difference between positioning SRS and sounding SRS can be found regarding TA control. Sounding mainly operates toward a serving cell and Rel-15 SRS transmission ought to follow the TA control of the serving cell. Therefore, if taking Rel-15 TA control as a baseline for positioning, SRS TX timing for positioning may become serving-cell timing centric. However, positioning SRS is required to be heard by neighbouring cells as well as a serving cell, so such serving cell timing TA control may be problematic. As Figure 4 illustrated, if UEs transmit SRS based on serving cell TA control, the RX timing at neighbour cells can be more misaligned out of CP range comparing to no TA control, so we think SRS for positioning can be an exception case from the serving cell TA control. 
Rel-15 SRS is configured in a UE specific manner, and TA control for SRS transmission has not been specifically discussed. Since a goal of UL measurements is ToA, such TA control loop targeting at a specific cell may distort ToA measurements, which will be one motivation to define a TA control for SRS transmission for positioning purpose. LTE has two types of SRS: cell specific SRS and dedicated SRS, but NR only takes dedicated SRS configuration concept. At least for TA, we assume need of a kind of cell specific TA control for NR positioning. 
Observation 4: TA control targeted at serving cell timing may be problematic for neighbour cells measurement. It may be desirable for that UE specific TA control targeting serving cell timing not be applied to all SRS transmission for positioning purpose.
Proposal 16: Study TA control methods for SRS reception of neighbouring cells such as cell specific TA control or further enhancements.
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Figure 4: Illustration of TA control and TX power control issue

SRS TX power control for positioning
TX power control has also a potential issue for both FR1 and FR2, TPC by a serving cell. In an example of UE1 and UE2 in Figure 4, UE2 is located at a cell edge, so may transmit SRS with large power. Even assuming quasi-omni-direction TX of UE (balloon size simply implies TX power level), a serving cell and neighbouring cells can hear UE2 SRS in Figure 4. However the neighbour cells may experience hearability issue on UE1, since its serving cell reduces TX power for RX power balance in the serving cell. If the serving cell configures UE1 TX power for neighbouring gNBs, it cannot be a solution either due to interference issue causing in a serving cell. Also max power or fixed power transmission on SRS for positioning also cannot resolve the hearability issue and the interference issue. Maybe power control on positioning SRS must be conducted in a limited manner. 
Observation 5: Neighbour cells may experience hearability issue on SRS transmission from UEs locating close to the serving cell center due to power control.
Proposal 17: Study further transmission power control methods for UEs nearby to their serving cell, to improve hearability of neighbouring cells.
UL beam correspondence
For FR2, the SI has identified a hearability issue in neighboring cells regarding beamforming in [4]. Rel-15 SRS-based beam management scheme is already supported for a serving cell, a TX and RX can sweep the beams to find the best beam pair between a serving gNB and a UE. However, beam sweeping for positioning calculation may require beam sweeping of neighbor gNBs as well as a serving cell, cost and burden to find a TX-RX beam correspondence become high. One of the most straightforward solutions for UL RX beam management is to use of UL beam alignment at FR2 through DL reception and beam correspondence. It is true that the DL beam correspondence is the easiest way to obtain beam correspondence for UL, but a UE may not measure the SSB of all the cells that want to try to receive it for UL positioning. There may be other issues with relying soley on beam correspondence for UL positioning.
Observation 6: UL beam correspondence relying on DL beam correspondence (i.e. SSB/CSI-RS beam) cannot provide UL measurements enough at neighboring gNBs that want to try to receive it for UL positioning. Further solutions may be needed.
SRS configuration for positioning
From the discussions and observations, we can identify specific SRS configurations for positioning purpose. We discuss about SRS resource allocation, TA, TPC and beamforming, and these features are required only for positioning, but not for sounding. Rel-15 SRS has been defined for sounding and UL CSI purpose, of which configurations are differentiated from positioning purpose. In conclusion, NR positioning reference signal can be designed based on Rel-15 SRS framework, but NR positioning SRS has specific purposes, configurations and TX behaviors. Therefore, a network should be able to configure Rel-16 positioning SRS configurations separately from Rel-15 SRS configurations.
Proposal 18: Define a new usage of Rel-16 SRS for positioning purpose. 
· Note: Rel-16 SRS for positioning purpose needs to be configured separately from Rel-15 SRS configurations regarding time/frequency resource configuration, TA, TPC, beamforming/precoding and so on.
Conclusion
Observation 1: Some symbols in LTE were reserved for the cell reference signal (CRS), however in NR there is no such constraint.
Observation 2: No reference signal work is needed in RAN1 to support Rel-15 NR RRM measurements for E-CID. 
Observation 3: SRS comb-2 or comb-4 with staggering allocation is possible under Rel-15 spec.
Observation 4: TA control targeted at serving cell timing may be problematic for neighbour cells measurement. It may be desirable for that UE specific TA control targeting serving cell timing not be applied to all SRS transmission for positioning purpose.
Observation 5: Neighbour cells may experience hearability issue on SRS transmission from UEs locating close to the serving cell center due to power control.
Observation 6: UL beam correspondence relying on DL beam correspondence (i.e. SSB/CSI-RS beam) cannot provide UL measurements enough at neighboring gNBs that want to try to receive it for UL positioning. Further solutions may be needed.
Proposal 1: At least the bandwidths and associated SCS in Table 1 should be supported for NR PRS.
Proposal 2: Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Proposal 3: At least the following periodicities should be supported for NR PRS: {5, 10, 20, 40, 80, 160, 320, 640, 1280} slots. 
Proposal 4: Support the following consecutive number of slots for NR PRS: {1,2,4,6} per beam direction. 
Proposal 5: The NR PRS uses the Gold sequence.
Proposal 6: NR DL-PRS supports 2 port transmission to allow for cross-polarization. 
Proposal 7: A NR DL PRS resource set is defined as a set of one or more NR DL PRS resources assigned to the same TRP. 
Proposal 8: A NR DL PRS occasion is defined as a set of one or more consecutive and/or concurrent NR DL PRS resource sets.
Proposal 9: At least the comb-6 structure for NR PRS should be supported.
Proposal 10: It is beneficial to have a relatively flexible PRS mapping method to reduce the limitation to slot format used for PRS transmission.
Proposal 11: In FR1 DL-PRS configuration is cell-specific. In FR2 UE-specific on-demand DL-PRS can complement cell-specific DL-PRS.
Proposal 12: Reference signal work and design for NR positioning support should not take E-CID into account. 
Proposal 13: The decision on the specific measurements that are used for E-CID in Rel-16 should be left to RAN2.
Proposal 14: 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 15: Consider comb-N SRS structure additionally for UL positioning with cases N>4 (i.e. N=6), which requires Rel-15 SRS specification changes.
Proposal 16: Study TA control methods for SRS reception of neighbouring cells such as cell specific TA control or further enhancements.
Proposal 17: Study further transmission power control methods for UEs nearby to their serving cell, to improve hearability of neighbouring cells.
Proposal 18: Define a new usage of Rel-16 SRS for positioning purpose. 
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