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Introduction
In RAN#80, the new SID was approved on NR positioning [1] with the following objectives from RAN1’s perspective [2]:
· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (Umi-street canyon and Uma scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.
· Define evaluation methodologies considering the above evaluation scenarios including:
· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· The evaluation scenarios/methodologies developed for above regulatory aspects can be a baseline for other positioning evaluations at least by taking TR 37.857 into account.
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.

In this contribution, we discuss the details of the NR positioning reference signals (PRS) on supporting OTDOA as one of the potential solutions of NR positioning technologies for the performance evaluation.
OTDOA
OTDOA is a downlink positioning method introduced since Rel-9 for supporting LTE positioning, where a UE measures the PRS transmitted from neighboring cells to obtain the Reference Signal Time Difference (RSTD) measurements, and reports the RSTD measurements to a location server in the network, where the UE position is determined based on multilateration or other positioning algorithms.
In principle, any downlink reference signals (e.g., PSS, SSS, CSI-RS, etc.) can be used to obtain the RSTD measurements for supporting OTDOA. However, these downlink reference signals are designed and implemented with the purpose of the data communication and the downlink reference signals from the neighboring cells are in general too weak to be detected, which prevents the UE from detecting the downlink reference signals from enough number of neighboring cells for supporting OTDOA.  Therefore, 3GPP has specially introduced PRS for supporting LTE OTDOA.
For NR, the PRS for supporting OTDOA is yet to be defined. In this document, we present our views on the design of the NR PRS for the evaluation of the NR OTDOA for this SI.
[bookmark: _Toc508475772]NR Positioning Reference Signals
NR PRS subcarrier spacings
LTE PRS is transmitted with the subcarrier spacing  kHz only. Unlike LTE, NR supports the data transmission with multiple subcarrier spacings, i.e.,  kHz (. Thus, NR PRS should support the multiple subcarrier spacings  kHz ( (Note: In  is used for the transmission of the SS/PBCH blocks only).
[bookmark: _Toc518109378][bookmark: _Toc518109963][bookmark: _Toc518119372][bookmark: _Toc525312684][bookmark: _Ref525326151]Proposal 1. For the evaluation of NR positioning, different PRS subcarrier spacings  kHz (μ=0,1,2,3,4) should be considered.
Number of Antenna Port
In LTE, LTE PRS is transmitted on a single antenna port only, although CRS and PBCH DM-RS can be transmitted with one or more antenna ports. For NR, the downlink synchronization signals and PBCH DM-RS are all transmitted on a single antenna port only. Thus, it seems no strong motivation for NR to support the transmission of the PRS with more than one antenna port.
[bookmark: _Toc518109964][bookmark: _Toc518119373][bookmark: _Toc525312685][bookmark: _Ref525326154]Proposal 2. For the evaluation of NR positioning, a single antenna port is used for NR PRS transmission.

NR PRS Sequences
LTE PRS sequence is defined based on QPSK modulation of Gold sequences. LTE PRS sequence generation has considered the following properties: 
· The Gold sequences are initialized for each OFDM symbol. That is, different Gold sequences are used for different symbols;
· Different PRS sequences are generated for different cells (or TPs), which randomizes the inter-cell interferences (the maximum number of PRS ID is 4096).
· The PRS sequences transmitted on different OFDM symbols can be seen as the short, aperiodic sequences truncated from a very long sequence from the length-31 Gold sequences.  The short sequences do not necessarily have the ideal cross-correlation property of the length-31 Gold sequences. 
· LTE PRS has fixed PRS RE density per PRS RB, i.e., 2 PRS REs per PRS RB.
For NR PRS, we think at least the following issues need to be taken into consideration:
· Subcarrier spacings. NR PRS needs to support different PRS subcarrier spacings  kHz, e.g.,  . 
· Configurable PRS RE density per PRS RB. Instead of fixed PRS RE density, it is desirable for NR to support the configuration of different PRS RE densities per PRS RB based on the deployment environment, such as the density of the number of the neighboring cells, the PRS transmission bandwidths etc. 
[bookmark: _Ref525326164]Proposal 3. For the evaluation of NR positioning, different PRS RE density per PRS RB should be considered.

NR PRS sequence based on Gold Sequences
One option for NR PRS sequence is that it is generated in a similar way as LTE with QPSK-modulated pseudo-random sequence, with the pseudo-random sequence being generated by a length−31 Gold sequence.
In this case, the NR PRS sequence  is proposed as follows:
 
where 
·  is a length-31 Gold sequence as defined in clause 5.2 in TS 38.211. 
· 
 is the OFDM symbol number in the slot  within a radio frame. 
·  is the size of the downlink resource grid
·  is the configurable density of PRS REs per PRS RB.
Similar with LTE, to maximally randomize the inter-cell interference, or equivalently, minimize the cross-correlation among the PRSs from different cells, the initial value of the sequence should depend on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
[bookmark: _Ref525326168]Proposal 4. For the evaluation of NR positioning, the PRS sequences generated based on length-31 Gold sequences should be considered.
[bookmark: _Ref525326172]Proposal 5.  The initialization of the random sequences for PRS generation should depend, at least, on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.

NR PRS sequence based on Kasami Sequences
Similar with Gold sequences, Kasami sequences are pseudo-range sequences of length , where n is the degree of the primitive polynomial used to generate Kasami sequences. For Kasami sequences, the degree of the primitive polynomial n has even values. There are two classes of Kasami sequences: (i) the small set of Kasami sequences, (ii) the large set of Kasami sequences. The small Set of Kasami Sequences has better cross-correlation property than Gold sequences while the large set of Kasami sequences has more available sequences under the same degree of the primitive polynomial.
The small set of Kasami sequences are optimal in the sense of matching Welch’s lower bound for correlation functions. The small set of Kasami sequences is a set of   binary sequences each of length , where n is the degree of the higher order primitive polynomial used to generate the set and it is of even length. Let u be an m-sequence of length N generated by a primitive polynomial of length n, and let w be the sequence obtained by decimating u by . The small set of Kasami sequences is defined as:

The sequence w obtained by decimating the m-sequence u by  is also an m-sequence of length , generated by a primitive polynomial of degree n/2. 
Similar to Gold codes the correlation function of the small set of Kasami sequences is also three valued. The correlation functions for the sequences take on from the values , where . The auto- and cross-correlation function of small set of Kasami sequences is defined as:

The maximum cross-correlation of the small set of Kasami sequences is about half of the Gold sequences with the same degree of the primitive polynomial.
Assume n=32, which gives the total number of  enough for supporting NR positioning, we may select any of the primitive trinomial with the degree of n=32 to generate the small set of Kasami sequences. For example, we adopt the polynomial given in [Ref. x] in the form with , and a and b are as small as possible. This form of polynomial was chosen because it allows the implementation of the reciprocal polynomial using only n unit-delay elements and two two-input modulo-two adders [Ref. x]. For n=32, we have 

The small set Kasami random sequences can then be generated as follows:  



The m-sequence , denoted by , can be initialized in the similar way as the methods discussed for Gold-sequence by simply replacing the  for the Gold sequences to  of the Kasami sequences in both options discussed in the previous section.
[bookmark: _Ref525326176]Proposal 6. For the evaluation of NR positioning, the PRS sequences generated based on Kasami sequences can be considered.

PRS Resource Mapping in Frequency Domain
With the order  in Gold sequence generator or  in the Kasami sequences, the duration of the whole pseudo-random sequence is much longer than the PRS sequence in one PRS symbol. Thus, the PRS sequence in one PRS symbol is a short pseudo-random sequence truncated from a very long periodic pseudo-random sequence. 
LTE PRS sequences are mapped to PRS resource elements (REs) in PRS OFDM symbols in PRS subframes with the following rules as defined in TS 36.211:
· PRS sequences are mapped to all OFDM symbols in a subframe except
· the first 3 OFDM symbols that are reserved from downlink control channel
· the OFDM symbols with the cell reference signals (CRS)
· In the frequency domain, the exact same PRS RE distribution pattern with frequency re-use factor of six is used for each and every PRS RB in one PRS OFDM symbol. There are two subcarriers without PRS REs for each PRS RB. 
· In the time domain, the exact same PRS RE distribution pattern is repeated for each PRS subframes;

Figure 1 shows an example of the LTE PRS transmission pattern with a single PBCH port and a single CRS port.


Figure 1 Mapping of LTE PRS with single PBCH port and single CRS port : (a) normal cyclic prefix; (b) extended cyclic prefix

Due to the fact that there are two subcarriers without PRS REs for each PRS RB and the two subcarriers are allocated at the same frequency position in each PRS RB, there are large side peaks in the auto-correlation of the PRS signals as shown in Figure 2. 
[image: ]
Figure 2 Large side peaks in auto-correlation of the PRS signals caused by missing PRS in two subcarriers for each PRS RS at the same frequency location in the PRS RB.
Observation:  In LTE PRS, there are two subcarriers without PRS REs for each PRS RB and the two subcarriers are allocated at the same frequency positions in all PRS RBs and all PRS subframes. It causes large side peaks in the auto-correlation of the PRS signals. This issue should be avoided in the design of the NR PRS mapping pattern.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In addition, in the frequency domain, LTE PRS is transmitted either with whole downlink carrier bandwidth, when the PRS bandwidth is the same as the downlink carrier bandwidth or at the center of the downlink carrier bandwidth, when the PRS bandwidth is smaller than the downlink carrier bandwidth. This LTE PRS resource mapping method is not suitable for supporting NR PRS transmission. NR has a much wider range of downlink bandwidth than LTE. A UE can be configured to multiple (up to 4) bandwidth parts. Thus, NR PRS resource mapping should support more flexible PRS resource mapping and transmission than LTE PRS. In addition, PRS resource mapping should also consider using the frequency shifts to avoid/minimize/randomize the overlapping of PRS REs among the neighboring cells. 

To avoid the inherent issue of the LTE PRS resource mapping pattern, we propose to have the PRS REs evenly distributed in the frequency domain during one PRS occasion. One way to do this is to derive the frequency shift for NR PRS REs depending on the sequential OFDM symbol index l’ counted from the start OFDM symbol of the PRS occasion. In addition, the resource mapping pattern also depends on the PRS slots, as well as the PRS ID  and the PRS RE density .

With above considerations, the mapping of the NR PRS sequence to resource elements  for a PRS OFDM symbol l is proposed as follows:
 
where





Where
·  = number of PRS REs per PRS RBs
·  = the start of the resource grid
·  = the start of the PRS RB in the resource grid
· 
 = the PRS transmission  bandwidth
·  = the power scaling factor
·  = the PRS OFDM symbol in the PRS slot
·  = the sequential PRS OFDM symbol number, counted from the start of the PRS occasion 


The parameters , ,  and  are configurable parameters. The reference point A for  is the subcarrier 0 in common resource block 0 in the common resource block grid as defined in TS 38.211. The PRS configuration in time domain, such as the PRS occasion will be discussed in the following in this document. 
Figure 3 illustrates the frequency location of the proposed resource mapping for NR PRS. Figure 4 illustrates the RS distributions in two sequential NR RBs in one PRS occasion. As shown in Figure 4, with the proposed pattern, the PRS REs will be evenly distributed to all subcarriers in the frequency domain. It will avoid the issues with large side peaks associated with the LTE PRS pattern as shown in Figure 5.



Figure 3. Illustration of the proposed resource mapping for NR PRS (
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Figure 4. Illustration of the proposed resource mapping for NR PRS in two PRBs (
[image: ]
Figure 5 No large side peak in auto-correlation of the PRS signals with the proposed PRS pattern.
[bookmark: _Ref525326181]Proposal 7.  For the evaluation of NR positioning, NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers, and avoid the scenario that there are no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.

NR PRS Configuration in Time Domain
LTE PRS transmission pattern in time domain includes the PRS transmission periodicity of {5, 10, 20, 40, 80, 160, 320, 640, 1280} ms, PRS transmission offset within the corresponding transmission period, and PRS transmission occasion of {1, 2, 4, 6} subframes.
In addition to the transmission period, the transmission time offset, the transmission duration each positioning occasion as considered in LTE, NR PRS also needs to consider the design of multi-beam PRS transmission with the unified approach for both TDD and FDD systems and for both FR1 and FR2.
[bookmark: _Ref525326186]Proposal 8.  For the evaluation of NR positioning, NR PRS also needs to consider the design of multi-beam PRS transmission with the unified approach for both TDD and FDD systems and for both FR1 and FR2. 
For supporting the multi-beam PRS transmissions, here we first introduce the concept of PRS block and PRS block burst set, similar with NR SSB and SSB burst set: 
1) PRS block (PRSB): A PRS block includes one or more consecutive PRS OFDM symbols (or slots) transmitted in the same beam direction. The number of the PRS OFDM symbols in a PRS block should be configurable to meet different deployment needs. That is, one slot may contain one or more PRS blocks, and one PRS block may also occupy more than one slot;
2) PRS block burst set (PRSBS): A PRS block set contains one or more PRS blocks. The number of the PRS blocks in the PRS block set should also be configurable to support different deployment scenarios. For example, the number of the PRS blocks in the PRS block can be configured to be same as the number of the SS/PBCH blocks in an SS/PBCH block set, or different from the number of the SS/PBCH blocks in an SS/PBCH block set. The former may be typical configuration when the PRS beam width is similar with the SS/PBCH beam width, and the latter may be used when the PRS and SS/PBCH have different beam widths. The maximum number of PRSB in a PRSBS may dependent on the frequency range, e.g., for FR1, the maximum number of PRSB in a PRSBS is 8, and for FR2, the maximum number of PRSB in a PRSBS is 64.

Note: The concept of “PRS occasion” in LTE may be reused in NR instead of “PRS block set”. If “PRS occasion” is reused, then one “PRS occasion” will contain one or more PRS blocks. 
In the following, we propose two mapping patterns for an NR PRS block set.
Mapping Method 1: 
Assume a PRS block set has  PRS blocks, and each PRS block has  PRS OFDM symbols. Both  and  are configurable parameters. The maximum value of the  may be different for FR1 and FR2, e.g.,  for FR1 and   for FR2.
With Method 1, there are total  PRS OFDM symbols in a PRS block set. The  PRS OFDM symbols are mapped to the PRS slots in the configured PRS occasions sequentially to valid downlink OFDM symbols, i.e., skipping the invalid OFDM symbols. The invalid OFDM symbols include, for example:
· The first  downlink OFDM symbols in a slot reserved for PDCCH. The parameter   may be a fixed or a configured value;
· The downlink OFDM symbols occupied by SS/PBCH blocks if the PRS transmission overlaps fully or partially with the SS/PBCH blocks; 
· The symbols configured as the uplink OFDM symbols for unpaired spectrum.
Figure 6 shows one example for Mapping Method 1, where the PRS block set includes 6 PRS blocks with each PRS block containing 4 PRS OFDM symbols. The first two OFDM symbols in a PRS slot are reserved for downlink control channel.
[image: ]

[bookmark: _Ref518113888][bookmark: _Ref525312839][bookmark: _Ref518113852][bookmark: _Toc518118287][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 6. Illustration of NR PRS Block and PRS Block Set

Mapping Method 2: 
Assume there are  PRS blocks in a PRS block set, and each PRS block has  PRS slots, and there are slots as gap between the PRS blocks. In the PRS slots, the PRS OFDM symbols occupy all valid downlink OFDM symbols, but not the invalid OFDM symbols. 
Figure 7shows one example for Method 2, where the PRS block set includes 4 PRS blocks with each PRS block containing 3 PRS slots, and there is a gap of two slots between the PRS blocks. The gap provides the opportunity of supporting data services within the PRS block set.
[image: ]
[bookmark: _Ref518113932][bookmark: _Ref525312857][bookmark: _Toc518118288]Figure 7. Illustration of NR PRS Block and PRS Block Set

Similar with LTE, the transmission pattern of NR PRS block sets in the time domain as shown in Figure 8, where the PRS block sets are transmitted with the configured PRS transmission periodicity , time offset  , and with the duration of .
Transmission period  of the PRS block set
Consider that the minimum transmission period of NR SS/PBCK block is 5ms, and in practice, there seems no particular application that requires the PRS transmission period shorter than 5ms, we propose the NR PRS transmission period as follows:
· PRS transmission period : {5, 10, 20, 40, 80, 160, 320, 640, 1280} ms
[image: ]
[bookmark: _Ref518114019][bookmark: _Ref525312885][bookmark: _Toc518118289]Figure 8. Illustration of the transmission pattern of the PRS block sets

Number of PRS blocks in one PRS block set
In NR, the maximum number of the SS/PBCH blocks in SS/PBCH block set is 8 for FR1 and 64 for FR2. Thus, the maximum number of PRS blocks in one PRS block set (i.e., one PRS occasion) should not be smaller than 64. Here, we propose the maximum number PRS blocks in one PRS block set to be 128 with the consideration that the PRS beam width can be narrower than SS/PBCH block beam. 
· The number of PRS blocks in one PRS block set : {1, …, 128}

Number of slots (or OFDM symbols) per PRS block
In LTE, the time duration of a PRS occasion can be {1, 2, 4, 6} subframes. For NR, we should support the similar time duration for each PRS block for FR1. In addition, the number of OFDM symbols for each PRS block for FR2 can be similar with that for FR1, given that larger bandwidth is normally available for FR2.
· The number of slots per PRS block : {1, 2, 4, 6, 12}  slots; or
· The number of OFDM symbols per PRS block : {6, 12, 24, 48, 96}  OFDM symbols
PRS transmission offset 
The PRS transmission offset in terms of ms should be associated with the PRS transmission period as presented in Table 1:
Table 1 Positioning reference signal Subframe configuration
	PRS configuration Index 
	PRS periodicity  
(subframe )
	
PRS subframe offset  
(subframe)

	0 - 4
	5
	

	5 – 14
	10
	

	25 – 34
	20
	

	35 – 74
	40
	

	75 – 154
	80
	

	155 – 314
	160
	

	315 – 634
	320
	

	635 – 1274
	640
	

	1275 - 2554
	1280
	

	2555-4095
	Reserved



[bookmark: _Ref525326189][bookmark: _Ref525326588][bookmark: _Toc518119380][bookmark: _Toc525312688]Proposal 9.  For the evaluation of NR positioning for supporting multibeam transmission of the PRS signals, NR PRS mapping in the time domain should consider: a) the concept of PRS block and PRS block set; b) the mapping of the OFDM symbols in a PRS block and the mapping pattern of the PRS blocks in aPRS block set (a PRS occasion); and c) the transmission period and transmission offset of the PRS block set (a PRS occasion)
PRS Muting Pattern
When multiple neighboring cells transmit the PRS simultaneously, the PRS signals from the multiple cells could collide in both time and frequency, which creates inter-cell interference during the cross-correlation. Due to the near-far problem where the strong PRS signals from closer-by cells overshadow the weak PRS signals from far away cells, it will be difficult for the UE to detect faraway cells, and which in turn result in the loss in hearability. This issue can be particularly serious in dense urban deployments or under poor network planning. In order to overcome the near-far problem, the PRS muting pattern was introduced in LTE to increase the detectability of the PRS from weak cells. 
LTE PRS muting configuration is defined by a periodic PRS muting sequence with a periodicity of  PRS occasion groups.  is also the length of the selected bit string that represents this PRS muting sequence. If a bit in the PRS muting sequence is set to "0", then the PRS is muted in all the PRS occasions in the corresponding PRS occasion group. A PRS occasion group comprises  PRS occasions. Each PRS occasion comprises  downlink PRS subframes. The first bit of the PRS muting sequence corresponds to the first PRS occasion group that starts after the beginning of the assistance data reference cell SFN=0. By assigning orthogonal muting patterns to neighbouring cells with the overlapping PRS time and frequency resources, the cross correlation interference is eliminated with the cost of possibly increased time-to-fix of positioning. It is then up to the networks to implement the trade off between PRS hearability and time-to-fix of positioning for different deployment scenarios.
For NR PRS, the design of the muting pattern should take into the consideration of the multi-beam transmission of the PRS signals. Due to fact that PRS beams are transmitted in different beam directions, PRS signals transmitted in the overlapping time/frequency resources may not overlap in space and then may cause the so-called near-far problem in PRS detection.
Figure 9 presents the proposed NR PRS muting configuration. Similar with LTE, the proposed NR PRS muting sequence has the periodicity  PRS occasion groups and   is the length of the selected bit string that represents this PRS muting sequence. A bit “0” in the PRS muting sequence represents the PRS in all the PRS occasions in the corresponding PRS occasion group are identified as the candidate PRS occasion group for PRS muting. A PRS occasion group comprises  PRS occasions (i.e., PRS block sets). Each PRS block set contains  downlink PRS blocks. All PRS blocks in the candidate PRS occasion group are indentified as the candidate PRS blocks for muting. In addition, a PRS block set muting bitmap for a PRS block set is introduced which indicates which of the PRS block in the candidate PRS block set should be muted. A candidate PRS block is muted when and only when the corresponding bit in the PRS block set muting sequence is set to ‘0’. 

[image: ]
[bookmark: _Ref518114529][bookmark: _Ref525312906][bookmark: _Toc518118290]Figure 9 Illustration of the NR PRS Muting Pattern

[bookmark: _Ref525326196]Proposal 10.  For the evaluation of NR positioning for supporting the multibeam transmission of the PRS signals, The PRS muting patterns should be considered that take the multibeam transmission of the PRS signals into consideration. 

PRS Configuration Parameters
Table 2 provides a summary of NR PRS configuration parameters discussed in this contribution.


Table 2 Summary of NR PRS configuration parameters
	Parameter
	Range
	Descriptions

	
	{1, 2, 3, 4, 6, 12} REs
	The number of PRS REs per PRS RB 

	
	{6, 15, 25, 50, 75, 100} RBs
	The PRS transmission  bandwidth in RBs (as LTE)

	
	{0, 1, …, 275} RBs
	The start of the PRS RB in the common resource grid with subcarrier spacing configuration 

	
	{0, …, 4095}
	

PRS configuration index, from which the periodicity  and the offset  of the PRS block set can be derived (as LTE) 

	 
	{1, …, 128}
	The number of PRS blocks in a PRS block set 

	
	{6, 12, 24, 48, 96} OFDM symbols
	The number of PRS symbols in one PRS block with Method 1

	 
	{1, 2, 4, 6, 12} slots
	The number PRS slots in one PRS block with Method 2 (LTE = {1, 2, 4, 6}subframes

	
	{1, …,  3}
	The number of OFDM symbols in the start of a slot reserved for PDCCH

	
	{0, 1, 2, 3, 4}
	The PRS subcarrier spacing configuration

	PRS block 
muting bitmap
	 (e.g., 128) bits
	Each bit indicates the corresponding PRS block is muted or not.



Summary
In this contribution, we discuss the details of the NR positioning reference signals (PRS) on supporting OTDOA as one of the potential solutions of NR positioning technologies for the performance evaluation. The following proposals were made based on the discussion. 
Proposal 1. For the evaluation of NR positioning, different PRS subcarrier spacings  kHz (μ=0,1,2,3,4) should be considered.
Proposal 2. For the evaluation of NR positioning, a single antenna port is used for NR PRS transmission.
Proposal 3. For the evaluation of NR positioning, different PRS RE density per PRS RB should be considered.
Proposal 4. For the evaluation of NR positioning, the PRS sequences generated based on length-31 Gold sequences should be considered.
Proposal 5.  The initialization of the random sequences for PRS generation should depend, at least, on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
Proposal 6. For the evaluation of NR positioning, the PRS sequences generated based on Kasami sequences can be considered.
Proposal 7.  For the evaluation of NR positioning, NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers, and avoid the scenario that there are no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.
Proposal 8.  For the evaluation of NR positioning, NR PRS also needs to consider the design of multi-beam PRS transmission with the unified approach for both TDD and FDD systems and for both FR1 and FR2.
Proposal 9.  For the evaluation of NR positioning for supporting multibeam transmission of the PRS signals, NR PRS mapping in the time domain should consider: a) the concept of PRS block and PRS block set; b) the mapping of the OFDM symbols in a PRS block and the mapping pattern of the PRS blocks in a PRS block set (a PRS occasion); and c) the transmission period and transmission offset of the PRS block set (a PRS occasion).
Proposal 10.  For the evaluation of NR positioning for supporting the multibeam transmission of the PRS signals, The PRS muting patterns should be considered that take the multibeam transmission of the PRS signals into consideration.

References
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