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[bookmark: _GoBack]Introduction
[bookmark: _Hlk510705081]As part of the 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 downlink reference signal design for NR positioning. For Nokia’s view on the uplink reference signal design for NR positioning see [2]. In addition, see our companion contributions [3] and [4] for our views on UE/gNB measurements and physical layer procedures for NR positioning respectively. 
Discussion
PRS Resource Sets and PRS Resources
[bookmark: _Hlk4508044]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. 
During RAN1#96-bis the following agreement was reached about PRS Resources
	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.



The lowest periodicity of PRS in LTE that was supported was 5 ms. 
Proposal 1: At least the following periodicities should be supported for NR PRS Resource Sets: {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 of PRS Resources from LTE should be supported. Thus, the PRS design in NR should enable to adapt the transmission time of PRS in a single beam direction. This can be either realized through allocating more symbols to one PRS Resource within one slot, or through repetition of the PRS Resource in consecutive slots. Both options should be taken into consideration. 
Proposal 2: Support the following consecutive number of slots for NR PRS: {1,2,4,6} per beam direction, i.e. number of repetitions per PRS Resource. FFS, if the number of repetitions is the same for all PRS Resources within one PRS Resource Set.
PRS resource element pattern
During RAN1#96-bis the following agreement was reached about the Comb-N pattern for the DL PRS design. 
	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



In the following we discuss some of the open points.
We suggest that resource element patterns of one PRS Resource should be the same over all Resource Blocks (RBs) within the PRS bandwidth. As a RB consists of 12 subcarriers, 12 should be a multiple of all possible values of N. Furthermore, our simulation results show that N=12 does not provide a good performance. See Figure 1 which shows a comparison of RSTD error performance for the case of N=6 and N=12. For the simulations the Urban Macro scenario from TR 38.855 was used and the example shown is for FR1, 5 MHz bandwidth, and 15 kHz subcarrier spacing. When N=12 the length of the PRS sequence for a fixed bandwidth is smaller than for N=6 which was used in LTE. 
[image: ]
Figure 1. Comparison of RSTD error for N=6 and N=12 with a fixed bandwith.
Observation 1: The RSTD estimation performance is worse for comb-12 as compared with comb-6 for a fixed bandwidth. 
Proposal 3: The values of N = {8,12} of the comb-N pattern for DL PRS should not be supported. 
Apart from that it is reasonable to enable an adaptation of the parameter N by PRS configuration according to the scenario, e.g. based on the mean number of hearable TRPs or number of beam directions.
Proposal 4: The value N of the comb-N pattern should be configurable within the set {1,2,3,4,6}
Let us denote the number of symbols per PRS Resource as M. Then we can distinguish three cases:
· M=N: This basic mapping leads to an equivalent comb-1 pattern, i.e. we transmit exactly one PRS signal on all subcarriers during one of the M symbols. 
· M>N: The basic mapping can be extended as shown in Figure 2. On at least one subcarrier in the PRS pattern, a signal is received during at least two different symbols. Assuming a constant radio channel across these at least two symbols a certain level of noise suppression can be achieved, which is beneficial for the evaluation of RSTD measurements. As one option, these additional PRS resource elements for the extended configuration could be UE-specific on-demand PRS (see section 2.4).
· M<N: On at least one subcarrier in the PRS pattern, there isn’t any PRS signal. This case should be avoided as information on the frequency selective radio channel, i.e., multipath propagation, can be lost, which is essential for time-of-arrival-based positioning.
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Figure 2: Example of extended PRS mapping with N = 6 and M>N 
Proposal 5: The number of symbols per PRS Resource M should be configurable and be equal to or greater than N.
It was well understood during the study item phase (and previously) that having an effective comb-1 structure is optimal for RSTD estimation performance. This is part of the justification why in LTE a staggered structure for PRS was used. In NR a staggered structure should again be used for the DL PRS. At RAN1#96-bis there was some disagreement about what the definition of staggering was. 
Proposal 6: DL PRS RE mapping should support a staggered pattern using at least one of the following options: 
· Option 1: The value of v_shift should change by a constant value (e.g., 1) from symbol to symbol within a PRS resource. 
· Option 2: The value of v_shift should change over a PRS resource and the change from symbol to symbol is configurable for each individual symbol transition. 
Number of ports for DL-PRS
For PRS transmission only 1 port was supported in LTE. However, using 2 ports for NR has been discussed at past meetings. Having cross-polarization support for the DL-PRS allows for more reliable PRS reception and higher quality measurements.  
Proposal 7: NR DL-PRS supports a cross-polarization configuration. FFS: specification impacts.  
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 neighbouring cells. UE-specific DL-PRS configured in many neighbouring cells may lead to increased 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. This finds application particularly in FR2, where 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 previous contribution [5]. In [5], specific proposals regarding the assignment of PRS resource IDs in FR2 beamforming scenarios are provided. Such proposals compensate for the different time of departure of PRS of different TRPs, such that the resulting RSTD values convey only propagation delay difference and not difference on the time of departure caused by beam sweeping.
Proposal 8: In FR1 DL-PRS configuration is cell-specific. In FR2 UE-specific on-demand DL-PRS can complement cell-specific DL-PRS. For on-demand DL-PRS, additional information should be used to compensate for different time of departure caused by beam sweeping.
PRS muting
During RAN1#96-bis the following agreement was reached about PRS muting.
	Agreement:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.



In LTE PRS muting was introduced to enable a UE to take measurements from a distant TRP when a near TRP is muted. Following this paradigm, it is straightforward that the baseline configuration of PRS muting addresses all PRS transmissions from a certain TRP. In other words, all PRS Resource Sets configured for one TRP are muted during the considered PRS transmission occasion. It is FFS, if it is advantageous to mute only single PRS Resources within the PRS Resource Sets, i.e. still allow PRS transmissions in certain beam directions.
Proposal 9: Baseline solution of PRS muting is that a complete TRP is muted during a PRS transmission occasion at least on the PRS bandwidth. FFS if just single PRS Resources within a PRS Resource Set can be muted.
SCS
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 10: Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Conclusion
The following observation was drawn:
Observation 1: The RSTD estimation performance is worse for comb-12 as compared with comb-6 for a fixed bandwidth. 
The following proposals were made:
Proposal 1: At least the following periodicities should be supported for NR PRS Resource Sets: {5, 10, 20, 40, 80, 160, 320, 640, 1280} slots. 
Proposal 2: Support the following consecutive number of slots for NR PRS: {1,2,4,6} per beam direction, i.e. number of repetitions per PRS Resource. FFS, if the number of repetitions is the same for all PRS Resources within one PRS Resource Set.
Proposal 3: The values of N = {8,12} of the comb-N pattern for DL PRS should not be supported. 
Proposal 4: The value N of the comb-N pattern should be configurable within the set {1,2,3,4,6}
Proposal 5: The number of symbols per PRS Resource M should be configurable and be equal to or greater than N.
Proposal 6: DL PRS RE mapping should support a staggered pattern using at least one of the following options: 
· Option 1: The value of v_shift should change by a constant value (e.g., 1) from symbol to symbol within a PRS resource. 
· Option 2: The value of v_shift should change over a PRS resource and the change from symbol to symbol is configurable for each individual symbol transition. 

Proposal 7: NR DL-PRS supports a cross-polarization configuration. FFS: specification impacts.  
Proposal 8: In FR1 DL-PRS configuration is cell-specific. In FR2 UE-specific on-demand DL-PRS can complement cell-specific DL-PRS. For on-demand DL-PRS, additional information should be used to compensate for different time of departure caused by beam sweeping.
Proposal 9: Baseline solution of PRS muting is that a complete TRP is muted during a PRS transmission occasion at least on the PRS bandwidth. FFS if just single PRS Resources within a PRS Resource Set can be muted.
Proposal 10: Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
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