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Introduction
During RAN1#96b, the discussion on DL PRS design started, with the following set of agreements:

	R1-1905651	Summary for AI 7.2.10.1 – DL Reference Signals for NR Positioning
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

R1-1905703	Summary for NR Positioning AI - 7.2.10.1 DL and UL Reference Signals for NR Positioning (UL Part)	Ericsson
Proposal:
Define a new usage of Rel-16 SRS for positioning purpose

Agreement:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration

R1-1905751	Offline session1 notes for NR Positioning AI - 7.2.10.1 DL and UL Reference Signals for NR Positioning (UL Part)	Ericsson
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.

 R1-1905847	Offline Discussion Outcome on DL Reference Signals for NR Positioning	Intel Corporation

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 further the DL PRS design. 

DL PRS design for positioning
In section 2.1 we discuss DL PRS design from the perspective of interference suppression but of course taking into account also other design criteria like measurement range and power boosting limitations. Based on the analysis and extensive simulation results we propose the use of a combination of staggered Comb-N patterns and cyclic shifts. For a more general discussion on DL PRS design criteria, see [4].
In section 2.2 we discuss the configuration of PRS resources and resource sets.
In section 2.3 we discuss positioning based on the TRS (CSI-RS for tracking) and based on analysis and extensive simulation results we propose that positioning based on the TRS should be supported in NR. For more background information on the use of the TRS for positioning, see [3].
In section 2.4 we discuss multiplexing of the DL PRS with other NR Physical Signals/Channels
In section 2.5, finally, we discuss the use of LTE PRS in the case of LTE-NR spectrum sharing and propose to send a LS to RAN2 and RAN4 on this issue.


· 
· Aspect 6. DL PRS Transmission Schedule (Randomization Techniques)
· IVD?
· Randomization with non-orthogonal PRSs in sectors of same site?
· Aspect 8. DL PRS and Relationship with DL BWPs
[bookmark: _Ref7792543]DL PRS design for interference suppression
For good OTDOA positioning performance the UE needs to hear the DL PRS from many transmission points. Some of the TPs will be non line of sight but as long as the UE can hear many TPs, outliers can be rejected and good positioning accuracy can be achieved. Thus, interference suppression to improve hearability is by far the most important design criteria for PRS design. Gold-code type of interference suppression is one important tool discussed in section 2.1.3 but experience from LTE as well as simulation results clearly show that it’s by itself far from sufficient. LTE experience as well as simulation results show that orthogonality between PRSs is required. Orthogonality can always be achieved through muting or more generally from time-division but this comes at a huge cost in terms of positioning overhead (number of symbols utilized for transmission of DL PRS). A time reuse factor  results in a factor  increase in positioning overhead. Code division, on the other hand, doesn’t result in increased overhead. Also frequency reuse (e.g. in the form of frequency shifted staggered combs) comes without an increase in overhead as long as it’s possible to power boost to full output power. The total reuse factor can be written as
 
where ,  and  are the time, frequency and code division reuse factors and  is the number of orthogonal PRSs based on frequency and code division. As noted above the positioning overhead is proportional to If we consider the total reuse factor  needed to achieve the required positioning accuracy as fixed, then the positioning overhead is inversely proportional to the number of orthogonal PRSs based on frequency and code division (for the case of frequency reuse this is valid only up to the largest frequency reuse factor for which it’s possible to power boost to full output power):
 .
The DL PRS should therefore be designed to allow for a large number of orthogonal PRSs based on frequency and code division taking limitations in terms of power boosting and measurement range into account.
When low latency positioning is required the DL PRS will have to be transmitted with a high periodicity resulting in a large positioning overhead. In such scenarios it will be even more important to limit the positioning overhead by allowing for simultaneous transmission of a large number of frequency/code orthogonal PRSs.
In section 2.1.1 below we discuss the use of frequency comb patterns to achieve frequency division orthogonality and in section 2.1.2 we discuss the use of cyclic shifts to achieve code division orthogonality. Simulation results are given showing good positioning performance based on these techniques. For simulation assumptions, see Appendix A. Note that the UMa and UMi simulations have been performed for a large 19 site network which is necessary to achieve realistic results with interference, especially for the important case of low reuse factors.

[bookmark: _Toc7814220]For good OTDOA positioning performance the UE needs to hear the DL PRS from many transmission points.
[bookmark: _Toc7814221]Interference suppression is the most important design criteria for DL PRS design.
[bookmark: _Toc7814222]Gold-code type of interference suppression is an important tool but is by itself far from sufficient.
[bookmark: _Toc7814223]Orthogonality between PRSs is required for good positioning performance.
[bookmark: _Toc7814224]Orthogonality can be achieved through muting or more generally from time-division but this comes at a huge cost in terms of positioning overhead. A time reuse factor  results in a factor  increase in positioning overhead.
[bookmark: _Toc7814225]Frequency or code based orthogonality doesn’t result in increased overhead up to power boosting limitations.
[bookmark: _Toc7814226]The positioning overhead is inversely proportional to the number of orthogonal signals the PRS is designed to allow for based on frequency and code division up to power boosting limitations.
[bookmark: _Toc7814202]The DL PRS should be designed to allow for a large number of orthogonal PRSs based on frequency and code division.
[bookmark: _Toc7814227]When low latency positioning is required the DL PRS will have to be transmitted with a high periodicity resulting in a large positioning overhead. In such scenarios it will be even more important to limit the positioning overhead by allowing for simultaneous transmission of a large number of frequency/code orthogonal PRSs.

[bookmark: _Ref7598511]Comb based orthogonality
At RAN1#96bis it was agreed to support frequency comb based resource element patterns but leaving a number of FFSs regarding the design details:
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
We note that a Comb-N resource element pattern allows for N orthogonal frequency shifted patterns. To have a large number of orthogonal PRSs is very important to allow for accurate positioning while keeping down the positioning overhead (see Figure 1 below as well as Figure 8, Figure 10, Figure 11 and Figure 12 in section 2.3). Thus, one would like to allow for large N.
[image: ]
[bookmark: _Ref7686408]Figure 1 Positioning performance comparison for staggered comb N signals with no muting and no power-boosting but utilizing frequency reuse 1/N. Clearly, a large comb factor is very beneficial. A low comb factor could be compensated for with muting but this would come at a large cost in terms of positioning overhead as long as full power boosting is possible. A comb 6 signal could be combined with time-reuse-½ muting to give similar performance as the comb 12 signal. Without power boosting this should be possible using equal overhead but if both the Comb-6 and the Comb-12 signal can be power boosted to full output power, then the Comb-6 muting comes at the cost of doubled positioning overhead.
Large N’s do, however, have some downsides.
In order to utilize full output power, power boosting with a linear factor N is needed for a Comb-N signal. Power boosting does, however, increase out of band emissions and thus there is a limit as to how much it’s possible to power boost without breaking regulatory requirements. The limit is implementation dependent but probably lies in the range of a linear factor 4 to 12 (i.e. 6dB to 11dB in log scale). To go beyond Comb-12 does not give anything since the total reuse level could then instead be increased through muting at the same cost in terms of positioning overhead.
A non-staggered Comb-N signal also gives a limitation in the measurable delay range equal to the OFDM symbol length divided by N. This can be accommodated by staggering but then the Comb-N signal has to be at least N signals long. This can potentially be an unnecessary waste of resources in scenarios where N symbols are not required for coverage. For large UE speeds it may also be impossible to combine the signal coherently over as much as N symbols and in this case the range can’t be recovered. On the other hand there are important scenarios where  the full measurable delay range is not needed since the propagation delays are limited (indoor, industrial). In such cases non-staggered or partly staggered Combs may be considered.
Taking these aspects into account we propose to allow for Comb-N patterns with N in the set {1,4,6,12}. The flexibility is needed to accommodate for different levels of maximum power boosting as well as for different lengths of the fully staggered Comb-N patterns.

[bookmark: _Toc7814203]The new NR PRS should have a configurable Comb-N pattern with N in the set {1,4,6,12}.
The most obvious way of defining a staggered Comb-N pattern is illustrated for Comb-6 to the left in Figure 2. This pattern can be shortened to six symbols while maintaining the full range. If it’s shortened further (while utilizing consecutive symbols) the range goes down to the OFDM symbol time  divided by 6 (or divided by N in the general case). The alternative pattern to the right in Figure 2 does, however, in addition allow for a shortening to two symbols while achieving range . We propose that the pattern to the right of Figure 2 is used and that the signal length is configurable to 1, 2, 6 or 12 symbols.
[image: ][image: ]
[bookmark: _Ref7604992]Figure 2 Two alternative staggered comb-6 PRS patterns utilizing 12 out of the 14 symbols in a slot and giving full range.


More generally we propose that the resource element patterns in Figure 2 are used for Comb-1, Comb-4, Comb-6 and Comb-12. For Comb-1 we propose that the configurable PRS resource length is limited to the set {1, 2, 3, 4, 6, 12}. For Comb-4 we propose that the configurable PRS resource length is limited to the set {1, 2, 4, 12}. For Comb-6 we propose that the configurable PRS resource length is limited to the set {1, 2, 6, 12}. For Comb-12 we propose that the configurable PRS resource length is limited to the set {1, 2, 4, 12}. These PRS resource lengths have been selected since they give good  range properties and also fit well when squeezing a number of PRSs into one slot (see Table 1).
[bookmark: _Toc7814204]The resource element patterns in Figure 2 are used for Comb-1, Comb-4, Comb-6 and Comb-12.
[bookmark: _Toc7814205]For Comb-1 the configurable PRS resource length is limited to the set {1, 2, 3, 4, 6, 12}. For Comb-4 the configurable PRS resource length is limited to the set {1, 2, 4, 12}. For Comb-6 the configurable PRS resource length is limited to the set {1, 2, 6, 12}. For Comb-12 the configurable PRS resource length is limited to the set {1, 2, 4, 12}. (These PRS resource lengths have been selected since they give good  range properties and also fit well when squeezing a number of PRSs into one slot, see Table 1)
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[bookmark: _Ref7610331]Figure 3 Proposed resource element patterns for Comb 1 (upper left), comb-4 (upper right), comb-6 (lower left) and comb 12 (lower right).







[bookmark: _Ref7610845]Table 1 Proposed allowed configurations of combinations of Comb factor and PRS resource length, giving also the resulting range (using the proposed resource element patterns) and the number of PRS resources that fit into one slot.  is the length of the OFDM symbol without CP.
	Comb
	Length
	Range
	Nr of PRS’s per slot

	Comb-12
	12
	Full
	1

	Comb-12
	4
	
	3

	Comb-12
	2
	
	6

	Comb-12
	1
	
	12

	Comb-6
	12
	Full
	1

	Comb-6
	6
	Full
	2

	Comb-6
	2
	
	6

	Comb-6
	1
	
	12

	Comb-4
	12
	Full
	1

	Comb-4
	4
	Full
	3

	Comb-4
	2
	
	6

	Comb-4
	1
	
	12

	Comb-1
	12
	Full
	1

	Comb-1
	6
	Full
	2

	Comb-1
	4
	Full
	3

	Comb-1
	3
	Full
	4

	Comb-1
	2
	Full
	6

	Comb-1
	1
	Full
	12



[bookmark: _Ref7598514]Cyclic shift based orthogonality
In industrial scenarios or more generally in indoor scenarios delays and delay spreads are relatively small. Even in a huge industrial hall with a length of 300m the delay from one end of the hall to the other would only be 1µs and the delay spread would only be a fraction of that. Thus, utilizing cyclic shifts one can generate a large number of orthogonal signals and assure that orthogonality is maintained even between delayed signals, see Table 2. This code orthogonality can obviously be combined with muting to generate even more orthogonal signals. In confined scenarios like industrial scenarios and indoor scenarios all PRSs could thus be made orthogonal without excessive overhead. As can be expected, simulation results for the use of 12 cyclic shifts for the 12 transmission points in the Indoor Open Office scenario show very good positioning accuracy (see Figure 4).
[bookmark: _Ref4754234]Table 2 Number of orthogonal cyclic shift signals tolerating a certain delay for different numerologies.
	
	
	Number of orthogonal cyclic shift signals tolerating a given delay

	Subcarrier spacing
	OFDM symbol length without CP
	Max 0.5 µs delay
	Max 1 µs delay
	Max 1.5 µs delay

	15 kHz
	66.7 µs
	133
	67
	44

	30 kHz
	33.3 µs
	67
	33
	22

	60 kHz
	16.7 µs
	33
	17
	11

	120 kHz
	8.3 µs
	17
	8
	6



The number of cyclic shifts to utilize need not be specified but can be adapted to the scenario. The UE is simply configured with a cyclic shift corresponding to each PRS. The granularity of the cyclic shift PRS configuration parameter will define the maximum number of cyclic shifts that can be utilized by the network. To achieve orthogonality the root signal on which the cyclic shift is applied must obviously be the same. Thus, it should be possible to configure PRSs in different cells that are identical up to the cyclic shift utilized. This root signal could e.g. be a Gold code modulated QPSK OFDM signal. This would make it possible to have multiple groups of PRSs such that PRSs are orthogonal within a group and such that PRSs from different groups have good ‘gold-code based’ correlation properties. To ensure that the root signal can be configured to be the same for multiple PRSs with different cyclic shifts the initialization of the code sequence has to be independent of the cyclic shift parameter. Since there is no strong need for large numbers of alternative sequences with good correlation properties (like the Gold codes) one could also consider alternative sequences based on other design criteria.  Zadoff-Chu sequences have the characteristic that they have constant amplitude (power) in both frequency (across REs in the same symbol) and time (throughout an OFDM symbol). Both characteristics are very desirable. In the time domain this implies very good PAPR, which may be translated into a higher possible output power compared to the normal data symbols, while still fulfilling spectrum mask requirements. We thus propose to study Zadoff-Chu sequences as an alternative to Gold sequences in combination with cyclic shifts.
Note that cyclic shifts is a well-established technique to generate delay tolerant orthogonal signals which is already used both in NR and in LTE.
Note also that the cyclically shifted signals can be co-processed by the UE in a very efficient way significantly reducing UE complexity.
We propose that the NR PRS should have configurable cyclic shifts
 
with , with the maximum number of cyclic shifts M configurable as 1, 12, 24, 48 or 96.
[bookmark: _Toc7814228]Simulation results for the use of comb-1 and 12 cyclic shifts for the 12 transmission points in the Indoor Open Office scenario give a positioning error below 1m for 90% of the UEs (see Figure 4).
[bookmark: _Toc7814206]Support cyclic shifts   with  and with the maximum number of cyclic shifts M configurable as 1, 12, 24, 48 or 96.
[bookmark: _Toc7814229]Zadoff-Chu sequences allow for constant power signals, with much improved PAPR compared to traditional Gold code modulated QPSK, which may allow increased output power for PRS symbols while still fulfilling regulatory spectral mask 
[bookmark: _Toc7814207]We propose that Zadoff-Chu sequences should be considered, as an alternative to Gold sequences in combination with cyclic shifts.
Cyclic shifts can be combined with staggered combs to give even more orthogonal sequences. As an example, the combination of a staggered 6-Comb with 12 cyclic shifts gives 72 orthogonal PRS resources. Note, however, that full staggering is preferable in order to allow for as large number of cyclic shifts as possible. Non staggered combs and cyclic shifts both reduce the range and thus ‘eats from the same propagation delay budget’. 
[bookmark: _Toc7814230]Cyclic shifts can be combined with staggered combs to give even more orthogonal sequences. As an example, the combination of a staggered 6-Comb with 12 cyclic shifts gives 72 orthogonal PRS resources.
[bookmark: _Toc7814208]The combination of staggered Comb-N signals with cyclic shifts shall be supported for the NR PRS. 
[image: ]
[bookmark: _Ref7778761]Figure 4 The use of 12 cyclic shifts give very good performance in the Indoor Open Office scenario.

[bookmark: _Ref7594310]Gold code initialization
In this section we demonstrate that the interference of LTE PRS may be mitigated considerably from using another initialization scheme of the 31-bit Gold sequences already in the LTE and NR standard. 
In LTE, PRS is generated from QPSK modulation of 31-bit Gold sequences c(k) initialized as:

where ns = 0,1,…,19 is the slot number, l is the OFDM symbol number (0 to 6 for normal CP, 0 to 5 for extended CP), N^PRS_ID = 0,1,…,4095 is the cell-ID () unless configured by higher-layer parameters and  is 1 for normal CP and 0 for extended CP. 
For the sake of convenience, we will restrict our comparison to LTE PRS with normal CP, meaning that  = 1. Such PRS use 12 free bits for different sequence ID () combinations. The symbol counter parameters are contained in 7( + 1) + l + 1, which occupy 8 bits in total and ranges from 8 to 147. An alternative to the normal CP LTE PRS used e.g. for 15 kHz SCS NR could be:

where the symbol counter t depends on ns and l and ranges from 8 to 147. 

We now analyse the correlation properties of the proposed initialization vs. the LTE PRS initialization by examining the QPSK correlation of all 12-bit N^PRS_ID-value pairs (that is, a total of 8386560 value pairs). Specifically, we form r(k) = (1-2c(2k)) + i(1-2c(2k+1)) and take the cross-correlation of r(k) for different sequence ID-pairs. We consider k = 0, 1, …, 219, corresponding to the full BW LTE PRS span, or e.g. a NR PRS with comb 6 using 110 PRBs. 
We now take the intra-symbol correlation (i.e. we do not consider correlation over differing t), and consider the correlation span as a CDF over the range of t, for each sequence ID-pair. For each percentile we take the minimum and the maximum respectively, over all CDFs (i.e. sequence ID-pairs). The result is shown in Figure 6. The figure shows the extreme intervals of the CDFs; that is, we can be sure that the set of PRS proposal CDFs is strictly contained between the red curves and the LTE PRS CDF set is strictly between the blue curves. It is clearly seen that the interval between the red curves is narrower. This is preferable since we want the ID-pairs to be as independent as possible to the resulting correlation. Also, it is seen that the worst-case correlation is larger in LTE-PRS for the most part. Specifically, for 60% of the time indices, the worst case correlation (i.e. interference) is approximately doubled for LTE PRS compared to the proposed PRS, as indicated by the 3dB arrow at the 60% percentile.
[image: ]
Figure 5 Intra-symbol cross-correlation intervals for normal CP LTE PRS and the NR PRS proposal.

[bookmark: _Ref7792546]PRS resources and resource sets
[bookmark: _Ref7795745]Periodicity and slot offset
For periodic and semi persistent PRS’s the periodicity and the slot offset need to be configured. This could be done either at the PRS resource level or at the PRS resource set level. We note that if it’s defined on PRS resource set level then an additional slot offset relative to the start of the resource set is required at the PRS resource level. Thus, we propose to define periodicity and slot offset at the PRS resource level. This is also well aligned with how NZP-CSI-RS resources are configured.
[bookmark: _Toc7814209]Each periodic/semi periodic PRS resource is configured with periodicity and slot offset.
Support of slot level beam sweeping doesn’t preclude support symbol or sub-slot level beam forming. Note, however, that for high numerologies slots are short and symbol level beam sweeping may not always be sufficient for coverage.
The term occasion is not needed for the configuration of PRS resources and resource sets but can be useful when defining measurements. An occasion of a PRS resource should then be defined as one recurrence of the periodic/semi-periodic PRS resource. 
Table 3 Pros and cons for the configuration of PRS periodicity and slot offset on PRS resource or PRS resource set level.
	PRS Resource set level
	PRS resource level

	+ Less signalling overhead
	- More signalling overhead

	- Less flexibility
	+ More flexibility:
+ Possibility to configure different slot offsets for different resources within a slot in order to configure slot level beam sweeping.
(+?) Possibility to configure different periodicities for different resources within a resource set. (needed?)

	- Not aligned with NZP-CSI-RS configuration
	+ Aligned with NZP-CSI_RS configuration



Table 4 Example configuration for slot based beamforming assuming that the PRS slot offset is defined on the PRS resource level.
	 
	Slot
offset
	Slot M
	Slot M+1
	Slot M+2
	Slot M+3
	Slot M+4
	Slot M+5
	Slot M+6
	Slot M+7

	Beam 1
	M
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 2
	M+1
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 3
	M+2
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 4
	M+3
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 5
	M+4
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 6
	M+5
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 7
	M+6
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 8
	M+7
	 
	 
	 
	 
	 
	 
	 
	 




[bookmark: _Ref6930071]Repetition
In LTE there is a possibility to repeat the PRS signal in a number of consecutive subframes in order to aggregate energy and thus to improve coverage. This is clearly useful also for NR. We propose that repetition is configurable on the PRS resource level. In case of slot level beam sweeping this means that a beam is repeated in a number of consecutive slots which enables coherent combining.
[bookmark: _Toc7814210]Each PRS resource is configured with a repetition factor.
As already noted in section 2.2.1, the term occasion is not needed for the configuration of PRS resources and resource sets but can be useful when defining measurements. An occasion of a PRS resource should be defined as one recurrence of the periodic/semi-periodic PRS resource including repetitions. An occasion of a one slot PRS resource with repetition factor 3 would thus be 3 slots long.



Table 5 Example configuration for slot based beamforming with repetition.
	 
	Slot offset
	Repetition
	Slot M
	Slot M+1
	Slot M+2
	Slot M+3
	Slot M+4
	Slot M+5
	Slot M+6
	Slot M+7
	Slot M+8
	Slot M+9
	Slot M+10
	Slot M+11
	Slot M+12
	Slot M+13
	Slot M+14
	Slot M+15

	Beam 1
	M
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 2
	M+2
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 3
	M+4
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 4
	M+6
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 5
	M+8
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 6
	M+10
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 7
	M+12
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Beam 8
	M+14
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 




Muting pattern
To allow muting pattern based interference reduction between different PRS resources within a PRS resource set as well as between PRS resources from different PRS resource sets the muting pattern needs to be defined on the PRS resource level.
[bookmark: _Toc7814211]Each PRS resource is configured with a muting pattern.
To save signalling overhead we propose that the muting pattern is defined by a bitstring combined with a ‘muting pattern aggregation number’ Nmuting. Each bit in the bitstring is repeated Nmuting times to create the muting pattern. The whole muting pattern is then itself repeated as many times as needed to cover a SF.
As an example, with Nmuting=3 the bitpattern 00101 would give the muting pattern 000000111000111, which would then be repeated as many times as necessary. Each bit in the muting pattern would correspond to one occurrence of the periodicly/semiperiodicly occuring PRS. A bit set to one would mean that the corresponding occurrence of the PRS including all repetitions (as described in subsection 2.1.2 above) would be transmitted while a zero would mean that it would be muted.
[bookmark: _Toc7814212]The muting pattern is defined by a bitstring combined with a ‘muting pattern aggregation number’ Nmuting. Each bit in the bitstring is repeated Nmuting times to create the muting pattern. The whole muting pattern is then itself repeated as many times as needed to cover a SF.
QCL relations
QCL relations between the DL PRS and the TRS (CSI-RS for tracking) and SSB can be beneficial when these signals are hearable for the UE. We propose therefore to support such QCL relations. Configuration details should be left for further study.
[bookmark: _Toc7814213]QCL relations between the DL PRS and the TRS (CSI-RS for tracking) and SSB should be supported but configuration details should be left for further study.

Measurements
PRS based measurement configurations should point to a PRS resource set (using the PRS resource set ID) but the corresponding measurement reports should be configurable to include measurements per PRS resource as well as measurements per PRS resource set. It should also be possible to configure measurements so that the reports include measurements per PRS resource fulfilling certain requirements, e.g. corresponding to the three PRS resources with strongest RSRP (as has been discussed in RAN2).
Configuration of existing signals for positioning
Signals that already exist in NR Rel. 15 still needs to be configurable over LPP in order to be used for positioning. LPP signal configurations should be done in a unified framework irrespective of whether a signal is newly designed for positioning in Rel. 16 or if it’s existing in NR Rel. 15. This will allow for a unified way of configuring positioning measurements and measurement reporting and will simplify the specification work.
Thus, PRS resources should come in different categories, and some of the parameters defining a certain signal would be specific to the PRS resource category.
As an example a PRS resource of ‘TRS-category’ should include a number of NZP-CSI-RS-ResourceSet’s each corresponding to one TRS. This could be implemented e.g. by configuring the NZP-CSI-RS-ResourceSet’s over LPP and including a list of NZP-CSI-RS-ResourceSetId’s in the configuration of a PRS resource of the ‘TRS-category’. This would allow for the configuration of a PRS resource consisting of one TRS as well as for the configuration of a PRS resource consisting of two or four staggered TRS’s.
[image: ]
[bookmark: _Ref4660138][bookmark: _Ref4660132]Figure 6 Two staggered TRSs giving half the TOA estimation range given when utilizing all subcarriers. Each of the two TRSs is depicted in a separate color.
[image: ]
[bookmark: _Ref4660140]Figure 7 Four staggered TRSs giving full TOA estimation range. Each of the four TRSs is depicted in a separate color.
[bookmark: _Toc7814231]A unified framework for configuring positioning signals irrespective of whether the signal is newly designed for positioning in Rel. 16 or if it’s existing in NR Rel. 15 will allow for a unified way of configuring positioning measurements and measurement reporting and will simplify the specification work.
[bookmark: _Toc7814214]PRS resources should come in different categories such as e.g. ‘Staggered Comb’ and ‘TRS’, and some of the parameters defining a certain signal should be specific to the PRS resource category.
[bookmark: _Ref7791579][bookmark: _Hlk7792992]Positioning based on the TRS (CSI-RS for tracking)
Positioning based on the TRS is not as good as positioning based on a signal optimized for positioning. Still, if for some scenarios the TRS gives good enough positioning this is extremely good. There is then no need to transmit any signal specifically for positioning. Instead the UE is configured to utilize the TRS, which is anyway transmitted for communication purposes, for positioning. 
In the study on NR positioning support (TR 38.855) the following requirements for horizontal positioning accuracy are given:
· Regulatory requirement
· Horizontal positioning error <= 50m for 80% of UEs
· Commercial requirements
· Horizontal positioning error < 3m for 80% of UEs in indoor deployment scenarios
· Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios
We show here with simulations including interference that the TRS is indeed good enough for many use cases and scenarios.
In the Indoor Open Office scenario, the TRS give a positioning error smaller than one meter for 80% of the UEs (see Figure 78). This is slightly worse than for a staggered Comb-12 PRS but it does fulfil even the commercial requirement in indoor deployment scenarios with a good margin. Note also that the performance can be further improved either by use of muting (see Figure 8) or by using an extended TRS (see Figure 78).
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[bookmark: _Ref7713729]Figure 8 The TRS gives a positioning accuracy with error less than 1 meter for 80% of the UEs in the IOO scenario with interference fulfilling even the commercial requirement in TR 38.855 with a good margin.
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[bookmark: _Ref7713504]Figure 9 The TRS performance can be enhanced through time reuse (muting) to be essentially on par with a staggered Comb-6 signal (see Figure 78).
In the Urban Micro scenario, the TRS gives a positioning error smaller than eight meters for 80% of the UEs (see Figure 910). This is significantly worse than for a staggered Comb-12 PRS but it does fulfil even the commercial requirement in outdoor deployment scenarios with a good margin. Again, the performance can be further improved either by use of muting or by using an extended TRS.


[image: ]
[bookmark: _Ref7714531]Figure 10 The TRS gives a positioning error smaller than 8 meters for 80% of the UEs in the Urban Micro scenario, fulfilling even the commercial requirement in TR 38.855.
In the Urban Macro scenario, the TRS give a positioning error smaller than 20 meters for 80% of the UEs (see Figure 11 and Figure 112). This is significantly worse than for a staggered Comb-12 PRS but it does fulfil even the commercial requirement in outdoor deployment scenarios with a good margin. Again, the performance can be further improved either by use of muting (see Figure 123) or by using an extended TRS.
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[bookmark: _Ref7715615]Figure 11 The TRS gives a positioning error smaller than 20 meters for 80% of the Outdoor UEs in the Urban Macro scenario, fulfilling the regulatory requirement with a large margin.
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[bookmark: _Ref7715617]Figure 12 The TRS gives a positioning error smaller than 20 meters for 80% of the UEs in the Urban Macro scenario, fulfilling the regulatory requirement with a large margin.
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[bookmark: _Ref7715621]Figure 13 The TRS performance can be enhanced through time reuse (muting) to be essentially on par with a staggered Comb-6 signal (see Figure 11).
Based on these results we find that the TRS can be extremely useful for NR positioning and we propose that TRS based positioning shall be supported in NR.
[bookmark: _Toc7814232]If the TRS is used for positioning, then there is no need to transmit any signal specifically for positioning. Instead the UE is configured to utilize the TRS for positioning, which is anyway transmitted for communication purposes and thus without any positioning overhead.
[bookmark: _Toc7814233]The TRS gives a positioning error smaller than 1 meter for 80% of the UEs in the Indoor Open Office scenario with interference fulfilling even the commercial requirement in TR 38.855 with a good margin.
[bookmark: _Toc7814234]The TRS gives a positioning error smaller than 8 meters for 80% of the UEs in the Urban Micro scenario with interference, fulfilling even the commercial requirement in TR 38.855.
[bookmark: _Toc7814235]The TRS gives a positioning error smaller than 20 meters for 80% of the UEs in the Urban Macro scenario with interference, fulfilling the regulatory requirement with a large margin.
[bookmark: _Toc7814215]TRS based positioning shall be supported in NR.
[bookmark: _Toc7814216]A PRS resource of the TRS-category consists of a number of NZP-CSI-RS-ResourceSet’s

[bookmark: _Ref7792918]DL PRS Multiplexing with other NR Physical Signals/Channels
The localization in time domain of PRS resources will be configurable, with multiple resources likely to share a slot. Regarding sharing of the DL PRS subframe with other non-positioning related signals, it is important to allow the subframe to contain control signals from PDCCH as well as cell search signals (SSBs). Otherwise there is a risk of severe degradation to other network users which may be in need of HARQ feedback or mobility.  Therefore the design should support the possibility of handling collision or coexistence of SSB, CORESETs and PRS. 
[bookmark: _Toc7814217]PRS configuration should support coexistence with SSB and CORESETs
· [bookmark: _Toc7814218]How to achieve coexistence is FFS

[bookmark: _Ref7792923][bookmark: _Hlk7793276]LTE PRS and LTE-NR spectrum sharing
For smooth migration from LTE to NR technology, support for LTE-NR spectrum sharing has been included in Rel. 15. Too save overhead it is obviously beneficial if both UEs served by LTE and UEs served by NR can utilize the same LTE PRS transmitted in the common LTE-NR spectrum. In rel. 15 support for a UE served by a NR cell to perform inter RAT RSTD measurements based on an LTE PRS was introduced. This functionality was based on the LTE inter-frequency RSTD measurement specified for LTE in Rel. 14. The UE can request measurement gaps to perform the measurements using the RRC Inter-frequency RSTD measurement indication procedure. The requirements defined in RAN4 for these measurements were based on the assumption that the LTE PRS is transmitted over a frequency band outside the frequency band of the NR serving cell. In the case of LTE-NR spectrum sharing the LTE PRS will, however, be transmitted within the frequency band of the NR cell. Furthermore, no request for measurement gaps is needed since collision avoidance is handled through LTE-NR spectrum sharing mechanisms. Thus, RAN4 requirements could be tightened for the LTE-NR spectrum sharing case. We propose to send a LS to RAN4 and RAN2 asking RAN4 to define requirements for inter RAT RSTD measurements based on an LTE PRS transmitted within the bandwidth of the NR cell serving the UE, i.e. for LTE-NR spectrum sharing scenario. RAN2 should be asked to specify related UE capabilities and any other required signalling.

[bookmark: _Toc7814219]RAN1 to send LS to RAN4 and RAN2 asking RAN4 to define requirements for inter RAT RSTD measurements based on an LTE PRS transmitted within the bandwidth of the NR cell serving the UE, i.e. for LTE-NR spectrum sharing scenarios. RAN2 should be asked to specify related UE capabilities and any other required signalling.

Conclusions
 the follow proposals were made:
In the previous sections we made the following observations: 
Observation 1	For good OTDOA positioning performance the UE needs to hear the DL PRS from many transmission points.
Observation 2	Interference suppression is the most important design criteria for DL PRS design.
Observation 3	Gold-code type of interference suppression is an important tool but is by itself far from sufficient.
Observation 4	Orthogonality between PRSs is required for good positioning performance.
Observation 5	Orthogonality can be achieved through muting or more generally from time-division but this comes at a huge cost in terms of positioning overhead. A time reuse factor  results in a factor  increase in positioning overhead.
Observation 6	Frequency or code based orthogonality doesn’t result in increased overhead up to power boosting limitations.
Observation 7	The positioning overhead is inversely proportional to the number of orthogonal signals the PRS is designed to allow for based on frequency and code division up to power boosting limitations.
Observation 8	When low latency positioning is required the DL PRS will have to be transmitted with a high periodicity resulting in a large positioning overhead. In such scenarios it will be even more important to limit the positioning overhead by allowing for simultaneous transmission of a large number of frequency/code orthogonal PRSs.
Observation 9	Simulation results for the use of comb-1 and 12 cyclic shifts for the 12 transmission points in the Indoor Open Office scenario give a positioning error below 1m for 90% of the UEs (see Figure 4).
Observation 10	Zadoff-Chu sequences allow for constant power signals, with much improved PAPR compared to traditional Gold code modulated QPSK, which may allow increased output power for PRS symbols while still fulfilling regulatory spectral mask
Observation 11	Cyclic shifts can be combined with staggered combs to give even more orthogonal sequences. As an example, the combination of a staggered 6-Comb with 12 cyclic shifts gives 72 orthogonal PRS resources.
Observation 12	A unified framework for configuring positioning signals irrespective of whether the signal is newly designed for positioning in Rel. 16 or if it’s existing in NR Rel. 15 will allow for a unified way of configuring positioning measurements and measurement reporting and will simplify the specification work.
Observation 13	If the TRS is used for positioning, then there is no need to transmit any signal specifically for positioning. Instead the UE is configured to utilize the TRS for positioning, which is anyway transmitted for communication purposes and thus without any positioning overhead.
Observation 14	The TRS gives a positioning error smaller than 1 meter for 80% of the UEs in the Indoor Open Office scenario with interference fulfilling even the commercial requirement in TR 38.855 with a good margin.
Observation 15	The TRS gives a positioning error smaller than 8 meters for 80% of the UEs in the Urban Micro scenario with interference, fulfilling even the commercial requirement in TR 38.855.
Observation 16	The TRS gives a positioning error smaller than 20 meters for 80% of the UEs in the Urban Macro scenario with interference, fulfilling the regulatory requirement with a large margin.
 
And the following proposals:
Proposal 1	The DL PRS should be designed to allow for a large number of orthogonal PRSs based on frequency and code division.
Proposal 2	The new NR PRS should have a configurable Comb-N pattern with N in the set {1,4,6,12}.
Proposal 3	The resource element patterns in Figure 2 are used for Comb-1, Comb-4, Comb-6 and Comb-12.
Proposal 4	For Comb-1 the configurable PRS resource length is limited to the set {1, 2, 3, 4, 6, 12}. For Comb-4 the configurable PRS resource length is limited to the set {1, 2, 4, 12}. For Comb-6 the configurable PRS resource length is limited to the set {1, 2, 6, 12}. For Comb-12 the configurable PRS resource length is limited to the set {1, 2, 4, 12}. (These PRS resource lengths have been selected since they give good  range properties and also fit well when squeezing a number of PRSs into one slot, see Table 1)
Proposal 5	Support cyclic shifts   with  and with the maximum number of cyclic shifts M configurable as 1, 12, 24, 48 or 96.
Proposal 6	We propose that Zadoff-Chu sequences should be considered, as an alternative to Gold sequences in combination with cyclic shifts.
Proposal 7	The combination of staggered Comb-N signals with cyclic shifts shall be supported for the NR PRS.
Proposal 8	Each periodic/semi periodic PRS resource is configured with periodicity and slot offset.
Proposal 9	Each PRS resource is configured with a repetition factor.
Proposal 10	Each PRS resource is configured with a muting pattern.
Proposal 11	The muting pattern is defined by a bitstring combined with a ‘muting pattern aggregation number’ Nmuting. Each bit in the bitstring is repeated Nmuting times to create the muting pattern. The whole muting pattern is then itself repeated as many times as needed to cover a SF.
Proposal 12	QCL relations between the DL PRS and the TRS (CSI-RS for tracking) and SSB should be supported but configuration details should be left for further study.
Proposal 13	PRS resources should come in different categories such as e.g. ‘Staggered Comb’ and ‘TRS’, and some of the parameters defining a certain signal should be specific to the PRS resource category.
Proposal 14	TRS based positioning shall be supported in NR.
Proposal 15	A PRS resource of the TRS-category consists of a number of NZP-CSI-RS-ResourceSet’s
Proposal 16	PRS configuration should support coexistence with SSB and CORESETs
o	How to achieve coexistence is FFS
Proposal 17	RAN1 to send LS to RAN4 and RAN2 asking RAN4 to define requirements for inter RAT RSTD measurements based on an LTE PRS transmitted within the bandwidth of the NR cell serving the UE, i.e. for LTE-NR spectrum sharing scenarios. RAN2 should be asked to specify related UE capabilities and any other required signalling.
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Appendix A: Simulation assumptions
	Parameter/Settings
	Values/Remarks

	Carrier Frequency
	FR1 (2 GHz)

	Subcarrier Spacing
	30 kHz

	PRS bandwidth
	100 MHz (275 PRBs)

	PRS Signals
	a. TRS
b. Extended TRS (staggered comb-4 TRS)
c. NR-PRS
i. Comb-1
ii. Comb-4
iii. Comb-6
iv. Comb-12

	Scenarios
	a. Urban Macro (UMa)
i. Number of sites: 19 (3 sector deployment)
ii. Inter site distance: 500 m
b. Urban Micro (UMi)
i. Number of sites: 19 (3 sector deployment)
ii. Inter site distance: 200 m
c. Indoor Open Office (IOO)
i. Number of sites: 45 (single sector deployment)
ii. Deployment area size: 300 m x 100 m
iii. Inter site distance: 20 m

	UE dropping procedure
	a. UMa: 50% indoor and 100% outdoor. Indoor UE speed: 3 kmph. Outdoor UE speed: 60 kmph. All UEs dropped at the central cell of the deployment.
b. UMi: All UEs outdoor. UE speed: 3 kmph. All UEs dropped at the central cell of the deployment.
c. IOO: All UEs indoor. UE speed: 3 kmph. UEs dropped uniformly distributed within the deployment area.

	Interference
	All simulations are done to evaluate performance of PRSs in case of interference. For UMa and UMi, sectors within a site are allocated the same comb offset and cyclic shift. Different sites are allocated different comb offsets and cyclic shifts according to the reuse plans in Figure X. 
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PRS reuse 1/12 plan.

Figure 14 Reuse plans for comb offsets and cyclic shifts. Each hexagon corresponds to one site with three sectors. The same comb offset and cyclic shift is used in all three sectors of a site. Sites (i.e. hexagons) with different color differ in comb offset and/or in cyclic shift. Sites (i.e. hexagons) with the same color have the same comb offset and cyclic shift. PRSs transmitted from sites with different colors are thus orthogonal to each other.
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