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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#98b meeting, we have the following agreements on NR Positioning [1]:
	Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}
· FFS: other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS
Agreement:
· Parameter DL-PRS-ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set
· Values: 1, 2, 4, 6, 8, 16, 32
· Parameter DL-PRS-ResourceTimeGap is configured for a DL-PRS Resource Set
· DL-PRS-ResourceTimeGap indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set 
· DL-PRS-ResourceTimeGap is provided only if DL-PRS-ResourceRepetitionFactor is configured and is greater than 1
· Values: 1, 2, 4, 8, 16, 32
· The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity 
· Note: UE RX beam sweeping is up to UE implementation
Agreement:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID
Agreement:
· DL PRS Resource IDs are locally defined within DL PRS Resource Set
· DL PRS Resource Set IDs are locally defined within TRP
· All DL PRS Resources of the DL PRS Resource Set have the same bandwidth
· A higher layer parameter, DL-PRS-SFN0-Offset, is configured
· Defines time offset of the SFN0 slot 0 for given TRP with respect to SFN0 slot 0 of FFS for RAN2 WG 1) serving TRP or 2) serving cell 3) etc.
· FFS values
· A higher layer parameter, DL-PRS-ResourceSetSlotOffset, is configured
· Defines slot offset with respect to SFN slot 0 for a TRP where DL PRS Resource Set is configured (i.e. slot where the first DL PRS Resource of DL PRS Resource Set occurs)
· Values: {0,1,…, DL-PRS-Periodicity-1}
· The previously defined higher layer parameter, DL-PRS-RstdReferenceInfo, is used as a reference to determine the higher layer parameters, DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty
· 


In this contribution, we focus on the Comb-N pattern and the number of symbols per DL PRS Resource. Also, our contribution will introduce a new DL PRS generation mechanism to reinforce the performance of positioning and give a suggestion a pattern of DL PRS Multiplexing with NR Signals / Channels. The other aspects will also be discussed in this contribution.
[bookmark: _Ref129681832]Comb-N Values per DL PRS Resource
[bookmark: _GoBack]Highly densified cell deployment is supported in NR and in such a case, a UE is expected to hear more cells to achieve higher positioning accuracy. Comb-12 allows more PRS resources to be multiplexed on the same OFDM symbol and reduce the inter-cell interference. And the comb-12 pattern can bring the larger power boosting. Thus, it can greatly improve the hearability of cells far away from UE.
But comb-12 has large time overhead especially for PRS beam sweeping transmission. while larger N values are beneficial for the deployment scenarios with denser cells and larger NR bandwidth, where UE needs to measure PRS signals from more cells to meet the positioning accuracy requirement. In the indoor environment, the comb-12 can be used with the small propagation delay spread and large NR bandwidth.
In addition, the positioning of high-speed UEs needs to be considered, and the actual location of the high-speed UE may go from one slot to another. Therefore, one UE should measure the PRS of more symbols at the same time. Considering the case of wide bandwidth, a large comb-N pattern should be supported. 
Hence, we have the following proposal:
Proposal 1: The Comb-12 pattern should be supported in NR for a selection pattern. DL PRS Resource comb-N value is configurable from the set {2, 4, 6, 12}
Number of Symbols per DL PRS Resource
With the benefits of comb-12 pattern, 12 symbols PRS resource should be supported in NR. In LTE, the number of symbols per DL PRS resource is 8, it is obviously that the larger number of PRS symbol has a better positioning performance. In the agreement we have at present, the greatest number of PRS symbols is 6 and whether it means that the positioning ability of NR is weaker than LTE? NR should support the larger PRS symbol number to enhance the ability of positioning. In NR, we don’t have CRS, thus we should extend the number to 14.
In additional, in the large-scale scenario such as the UMa scenario, more than 12 symbols are needed for coverage a PRS Resource with 12 symbols is very beneficial since it allows for coherent combination of the 12 symbols and effective utilization of one slot.
Hence, we have the following proposal:
Proposal 2: 12 and 14 symbols per DL PRS Resource should be supported in NR.
New DL PRS generation mechanism
DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1 and the specification of a new DL PRS sequence generation mechanism was left into FFS. We simulated the auto-correlation function of PRS which is generated by Gold sequence and the result is as the following figure,
[image: ] 
Figure 3 auto-correlation function 
Than we simulated a multipath channel, pass the PRS into the multipath channel and calculate the cross correlation, the result is as the following figure:
[image: C:\Users\Noutron\AppData\Local\Temp\WeChat Files\3fe91875faaac4a20d7cd61e0ce365c.png]
Figure 4 correlation result in multi-path channel
According to the simulation of the auto-correlation function and cross-correlation result in multi-path channel of the PRS, we have the following observation:
Observation 1: The auto-correlation function of PRS which is generated by Gold sequence has many side peaks around the main peak, and the side peaks will affect the ranging performance in multipath channel.
The side peaks will involve error in the estimation of first arrival path in multi-path channel, for reducing the estimate error we support that a new DL PRS sequence generation mechanism based on Gold sequence. The new generation mechanism is given at following sections:
[bookmark: _Toc534702839]Sequence Transform step
The reference-signal sequence  for subframe  is defined by



[bookmark: _Hlk500028516]Where  is the slot number within a subframe,  is the OFDM symbol number within the slot and sequence  is defined by
	

Where  is the Gold sequence, the initialization of the Gold sequence will be discussed in section 8, and  is length of the sequence. Figure 5 shows the shape of new sequence, x axis indicates the sub carriers of DL PRS, y axis is the amplitude of sequence.
[image: ]
Figure 5 Shape of new sequence
The shape of the new sequence in frequency domain is a sinc function, thus after OFDM modulation, the DL PRS in time domain is a spread spectrum signal which is very advantageous in positioning.
Resource Mapping




The reference signal sequence  shall be mapped to complex-valued modulation symbols  used as reference signal for antenna port  in slot  according to 

Where



We evaluated the auto-correlation function of the new DL PRS sequence generation mechanism, the result is as follows:
[image: ]  [image: C:\Users\Noutron\AppData\Local\Temp\WeChat Files\6420352fba6bfead508c62af5fbfd0c.png]
Figure 6 auto-correlation function and correlation result in multi-path channel
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Figure 7 positioning performance in UMi scenario
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Observation 2: The auto-correlation function of the DL PRS with new sequence mechanism has no side peaks around the main peak and has a better performance in ranging.
Thus, we have the following proposal:
Proposal 3: NR should consider a new DL PRS sequence generation mechanism to improve the auto-correlation performance of PRS.
Use of CSI-RS/TRS and SS for NR Positioning
The PRS defined in R16 has a flexible configuration and high performance, and the reference signals in R15 also have a flexible configuration. Thus, the reuse of R15 legacy signals, such as CSI-RS/TRS, PSS and SSS, can simplify the transmission and reception process and reduce overhead. Therefore, the reuse of R15 legacy signals are effective for positioning.
Proposal 4: NR should use legacy Rel-15 signals such as CSI-RS/TRS and SS as supplementary to NR PRS
DL PRS Multiplexing with NR Signals / Channels
DL PRS Multiplexing with NR Signals / Channels in power
In TR 38.855 [2], we have following agreement:
	-	Whether to support shared in time/frequency NR DL PRS resources with other transmissions including data/control is left to future specification work, including:
-	Which physical channel/signals can share resources with NR DL PRS 
-	Whether to support interference randomization techniques for PRS transmission with other signals


Thus, the share pattern of NR DL PRS should be discussed in WI phase, sharing resources in time/frequency or both in time & frequency domain can reduce the overhead of PRS. And for this purpose, we proposed a new PRS called Low Power Embedded PRS for NR DL positioning. The Low Power Embedded PRS shares resources with communication data by embedding a low power positioning reference signal into data service resource blocks over a large bandwidth, and will not occupy the RBs for data service. The receiver can distinguish the positioning signal and communication signal. 


And the sharing pattern of complex-valued modulation symbols   is to add  to the corresponding data service RE. The mapping of DL PRS is shown in figure 1.
With the flexible and dynamic slot configuration, there is a limitation in NR system operation if the transmission of DL PRS in DL-only slots is restrict like the LTE. Therefore, as long as the number of available symbols is sufficient for PRS transmission, it is feasible to allow DL transmission of symbols configured for DL PRS in any slot. When most of the existing reference signals and/or channels collide with the PRS, there is almost no problem with the help of the flexible design of NR.
[image: ]
Figure 7 The mapping of Low Power Embedded PRS in RBs and REs
[image: ]
Figure 8 The power pattern of Low Power Embedded PRS in time domain
We have the following proposal:
Proposal 5: DL PRS can be transmitted in any symbols in DL transmission except SSB and PDCCH of serving cell, and if the collision between DL PRS and neighbor cell SSB/PDCCH happens, UE should ignore the SSB/PDCCH from neighbor cell.
DL PRS Multiplexing with SSB and PDCCH
As is known to all that LTE DL PRS shall only be transmitted in resource blocks in downlink subframes configured for positioning reference signal transmission and shall not be mapped to resource elements allocated to the core part of the PBCH, PSS or SSS because the SS/PBCH block carries vital information to enable UE to access. Thus, DL PRS shall also not be mapped to REs allocated to SS/PBCH block to avoid the collision between DL PRS and SS/PBCH block in NR. Thanks to the configurability of SSB in NR that we can have some methods to avoid the collision. UE can know the position of SS/PBCH block in the resource from the serve cell, thus, UE can ignore the DL PRS that overlaps with SS/PBCH or PDCCH transmission of the serving cell. 
Proposal 6: DL PRS shall not be mapped to resource elements allocated to the SSB or PDCCH.
DL PRS Sequence Initialization
In the previous meeting, it was agreed that DL PRS sequence was defined by a length-31 Gold sequence and the remaining issue was to identify the  value.
We propose that the initialization of DL PRS sequence should be improved based on the initialization of LTE DL PRS sequence and support beams weeping. Thus, the initial value of the PRS sequence should take the cell/TRP ID, CP type, slot/symbol number, beam ID into account. Information such as the beam ID may be explicitly included in the initial value of the PRS sequence, or may implicitly contain such information through the DL PRS resource ID when the sequence is initialized.
Proposal 8: The initial value of the PRS sequence should take the cell/TRP ID, CP type, slot/symbol number, beam ID into account.
Number of DL PRS Sequences
In LTE, the number of DL PRS sequences is at least 4096. And in NR, the DL PRS will be transmitted in beam sweeping. If we consider the good performance and small impact on RAN1 specification, we may need at least 4096 sequences for NR Positioning purposes. 
In NR, a large enough range of signal IDs is required in dense network deployments. If we consider the number of beams per cell, we may need to exceed 4096 DL PRS Sequence IDs to avoid ambiguity problem, depending on the design of PRS RE mapping pattern in the frequency and time domain.
Proposal 9: Support 4096 as the number of DL PRS Sequences.
DL PRS Transmission Periodicity
In RAN1#98, the set P = {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots of periodicity is supported, and further restrictions on values applicable to different SCS is left to FFS.
This section we will introduce the restriction on values applicable to different SCS. As we all know that there is a relationship between SCS and time duration of 1 slot, the larger the SCS, the shorter time duration of 1 slot, and the specific relationship is shown in the following table:
	SCS
	Time duration of 1 slot (ms)

	15kHz
	1

	30kHz
	0.5

	60kHz
	0.25

	120kHz
	0.125

	240kHz
	0.0625


According to the agreement in RAN1#98, the biggest PRS periodicity is 20480 slots, if the relationship between PRS periodicity and SCS is not restricted, the PRS periodicity in time will be too long. For example, the SCS is 15kHz, the PRS periodicity is configured to 20480 slots, the PRS periodicity in seconds is 20480*1ms = 20.48s. It means that only one PRS signal is transmitted in about 20 seconds, which is unacceptable for NR positioning. In LTE, the biggest PRS periodicity in seconds is 1.28s, therefore, in order to ensure the reasonability of transmit interval of PRS, we propose to restrict the PRS periodicity and SCS, and make the PRS periodicity in seconds at most 2.56s. We propose the periodicity and SCS restrictions according to the table below.
	SCS
	Available PRS periodicity (slots)

	15kHz
	{4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560}

	30kHz
	{4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120}

	60kHz
	{4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240}

	120kHz
	{4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480}

	240kHz
	{4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480}


Proposal 10: Support the following periodicity of DL PRS resource allocation
· 15kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560} slots
· 30kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots
· 60kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 120kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 240kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
DL PRS resource Type
Compared to aperiodic, semipersistent and inquire, NR should be added a configuration to support UE-requested PRS transmission to meet commercial requirement. As is known to all, the three configurations currently adopted by DL PRS resource type do not include UE's upward request for PRS configuration, so we suggest to add "on-demand" to higher layer parameter DL-PRS-ResourceType to realize a more flexible configuration of DL PRS.
Proposal 11:NR should support on-demand DL PRS resource allocation.
DL PRS & SSB Power Offset
Different signals have different Transmit Energy per Resource Element, so it would be beneficial to provide the UE with an offset of the hypothetical reference signal processing. In order to achieve SRS power control for positioning purpose, it is necessary to support configuring a DL reference signal of a neighboring cell as a DL path loss reference.
Proposal 12：Power Offset between DL PRS and SSB can be configured and indicate the EPRE ratio of DL PRS resources to SSB.
Type of Configuration Signaling for DL PRS
It was discussed whether the NR DL PRS configuration should be cell-specific and/or UE-specific in RAN1#98, and no conclusion was reached. In NR, cell-specific reference signals are removed to reduce power consumption and signaling overhead. For DL positioning, it is expected that multiple UEs can hear the reference signal at the same time. Therefore, the transmission configuration of the NR DL PRS transmitted from the gNB to the LMF should be cell-specific, but not dependent on the UE.
Proposal 13：Support the operation of cell-specific and UE-specific DL PRS signals.
Number of DL PRS Antenna Ports
Supporting two antenna ports in one DL PRS will reduce the reusability of DL PRS transmission and reduce the transmit power of each antenna port of the DL PRS, affecting the DL PRS reception quality at the UE side. Also, the performance advantage of two-port DL PRS are not significant compared to single-port DL PRS.
Proposal 14：Two antenna port transmission per DL PRS resource should be discussed in R17.
Conclusions
In this contribution, we present our views on the PRS design for OTDOA. Based on the discussion, we have the following observations and proposals:
Observation 1: The auto-correlation function of PRS which is generated by Gold sequence has many side peaks around the main peak, and the side peaks will affect the ranging performance in multipath channel.
Observation 2: The auto-correlation function of the DL PRS with new sequence mechanism has no side peaks around the main peak and has a better performance in ranging.
Proposal 1: The Comb-12 pattern should be supported in NR for a selection pattern. DL PRS Resource comb-N value is configurable from the set {2, 4, 6, 12}
Proposal 2: 12 and 14 symbols per DL PRS Resource should be supported in NR.
Proposal 3: NR should consider a new DL PRS sequence generation mechanism to improve the auto-correlation performance of PRS.
Proposal 4: NR should use legacy Rel-15 signals such as CSI-RS/TRS and SS as supplementary to NR PRS
Proposal 5: DL PRS can be transmitted in any symbols in DL transmission except SSB and PDCCH of serving cell, and if the collision between DL PRS and neighbor cell SSB/PDCCH happens, UE should ignore the SSB/PDCCH from neighbor cell.
Proposal 6: DL PRS shall not be mapped to resource elements allocated to the SSB or PDCCH.
Proposal 7: NR should support the multiple antenna ports transmission of NR DL PRS.
Proposal 8: The initial value of the PRS sequence should take the cell/TRP ID, CP type, slot/symbol number, beam ID into account.
Proposal 9: Support 4096 as the number of DL PRS Sequences.
Proposal 10: Support the following periodicity of DL PRS resource allocation
· 15kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560} slots
· 30kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots
· 60kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 120kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 240kHz SCS: {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
Proposal 11:NR should support on-demand DL PRS resource allocation.
Proposal 12：Power Offset between DL PRS and SSB can be configured and indicate the EPRE ratio of DL PRS resources to SSB.
Proposal 13：Support the operation of cell-specific and UE-specific DL PRS signals.
Proposal 14：Two antenna port transmission per DL PRS resource should be discussed in R17.
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