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1. [bookmark: _Ref189046994]Introduction
In this contribution we address a number of the remaining issues regarding the DL reference signal for NR positioning.
We would particularly like to emphasize the importance of allowing comb size 12. This is a very useful configuration for indoor office and indoor industrial scenarios. This is discussed in section 2.1.
It’s likewise very important to allow flexible configuration of the number of symbols of a DL PRS Resource from 1 to 12 symbols to allow a balance between coverage and positioning overhead, as discussed in section 2.2.
We would also like to stress the importance of selecting a gold code initialization scheme with good correlation properties as discussed in section 2.10.
Finally, we want to advocate the use of existing NR Rel. 15 reference signals for serving cell UE Rx-Tx time difference measurements to allow single cell RTT based on RRC only as discussed in section 2.14.

1. DL PRS design for positioning
1. [bookmark: _Ref16845959][bookmark: _Ref7792543][bookmark: _Ref7598514]Comb-12
Arguments has been raised against the use of comb-12 due to the limited measurement range of this signal. It has also been argued that these problems can’t be overcome with staggering since coherent combination over 12 symbols is not possible in presence of too high Doppler. The reason that we have a flexible comb size is, however, that they can be useful in different scenarios. Some scenarios have high Doppler while others don’t. Some scenarios have a large spread of propagation delays from different TRPs and large delay spread while others don’t.
Comb-12 is useful in scenarios that have low doppler. In such scenarios full range can be achieved through staggering and Comb-12 then works even for large spread of propagation delays from different TRPs and for large delay spread.
Comb-12 is also useful in scenarios that have a small spread of propagation delays from different TRPs and a small delay spread. In such scenarios the full measurement range isn’t needed and Comb-12 thus works well even for high doppler or PRS resource lengths smaller than twelve.
The most relevant scenario for the use of Comb-12 is indoor scenarios including both IOO and Indoor Industrial scenarios. These scenarios have both low doppler and a small spread of propagation delays from different TRPs and a small delay spread. Thus, Comb-12 will work excellently. In these scenarios, coverage can typically be achieved with a PRS resource which is just one or a few symbols long. With such a short signal the TOA measurement range will be limited but since the spread of propagation delays from different TRPs and the delay spread are both small this isn’t a problem (see Table 1). Comparing the Indoor Factory scenarios in  Table 1 with the TOA measurement range for a comb-12 signal of different lengths in Table 2 we can conclude that the Comb-12 signal is applicable for a large range of scenarios even utilizing high numerologies and allowing for network synch errors.
[bookmark: _Ref21092426]Table 1 Example Indoor factory scenarios with spatial dimensions, maximum propagation delay difference for a pair of TRPs in opposite corners of the factory and the mean delay spread according to the Indoor factory model in 38.901.
	Description
	x [m]
	y  [m]
	z  [m]
	Diagonal [m]
	Diagonal delay [ns]
	Mean delay spread [ns]

	Small Industrial hall
	14
	9
	8
	18
	62
	27

	Medium size industrial hall
	40
	20
	3
	45
	149
	22

	Industrial lab
	35
	14
	6
	38
	127
	30

	Manufacturing hall
	16
	45
	10
	49
	163
	40

	Large industrial hall
	20
	77
	12
	80
	268
	49

	Very large Industrial hall
	94
	70
	10
	118
	392
	56

	Aircraft assembly hangar
	300
	120
	30
	324
	1082
	144



[bookmark: _Ref20937805]Table 2 The TOA measurement range in microseconds for a staggered Comb-12 signal of varying length for different numerologies.
	 
	Effective comb
	15kHz
	30kHz
	60kHz
	120kHz

	One symbol comb 12
	12
	5.6
	2.8
	1.4
	0.7

	Two symbol comb 12
	6
	11.1
	5.6
	2.8
	1.4

	Four symbol comb 12
	3
	22.2
	11.1
	5.6
	2.8

	Twelve symbol comb 12
	1
	66.7
	33.3
	16.7
	8.3



We can conclude that the use of comb-12 is feasible for many very important scenarios including IOO and indoor factory scenarios. What is then the benefit of using a Comb-12 DL PRS?
That is in fact very easy to state. The positioning overhead needed to achieve a certain accuracy is inversely proportional to the comb-N value. Comb-12 requires half the positioning overhead of comb-6 to achieve the same accuracy.
[image: ]
[bookmark: _Ref16689274]Figure 2 Positioning performance comparison for staggered comb N signals utilizing frequency reuse 1/N.
If instead the same positioning overhead is used the benefit of a large comb-N value is instead manifested in terms of an increase in positioning accuracy as can be seen in Figure 2.
All this does, however, rely on the possibility to powerboost the Comb-N PRS with a linear factor N, i.e. with  dB. Boosting a subcarrier close to the band edge will result in an increase of out of band emissions. This can, however, be avoided by simply not transmitting the PRS very close to the band edge. If one RB at each band edge is excluded, then a Comb-12 signal boosted with a linear factor 12 (i.e. 10.8dB) will not give any increase in out of band emissions as shown in Figure 3.
At RAN1#99 the following agreement was made 
Agreement:
· Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of [2176] PRBs.
· 4 PRB granularity is used for DL PRS BW configuration
· Maximum BW for DL PRS in PRBs does not exceed 272 PRBs
· Minimum BW for DL PRS in PRBs is not less than 24 PRBs
With one PRB granularity for the start PRB and 4 PRB granularity for the DL PRS BW configuration each DL PRS band edge can be adjusted with a granularity of two PRBs. This allows for the use of a power boosted Comb-12 PRS that utilizes 4 PRB’s less than the full bandwidth and leaves two PRBs empty at each band edge. This would give less out of band emissions than a normal transmission and for large bandwidths such as e.g. 272RB, the reduction in PRS bandwidth with four RBs has a negligible impact on positioning performance
We have also investigated EVM and find that the EVM is the same for a 10.8dB powerboosted Comb-12 signal as for an un-boosted Comb-1 signal.
We propose that the PRS Resource Comb-N value can be configured to 12 in addition to the already agreed values 2, 4 and 6.


[image: ]
[bookmark: _Ref16695210]Figure 3 The red curve shows the spectrum at the band edge of a 10.8dB powerboosted Comb-12 PRS utilizing all 275 RBs. The yellow curve shows the spectrum at the band edge of a 10.8dB powerboosted Comb-12 PRS utilizing all  RBs except the ones at each band edge (i.e. utilizing 273 RBs). The blue curve shows the spectrum at the band edge of an un-boosted Comb-1 PRS utilizing all 275 RBs as a reference. The powerboosted Comb-12 PRS utilizing all 275 RBs (red curve) clearly increase out of band emissions compared to the un-boosted Comb-1 PRS (blue reference curve). The powerboosted Comb-12 PRS utilizing all RBs except the ones at each band edge (yellow curve) does, however, give lower out of band emissions than the un-boosted Comb-1 PRS (blue reference curve). RAN4 has restricted boosting of some NR reference signals to rather small numbers. These signals are, however, transmitted together with data. In this case, boosting needs to be restricted to allow decoding of un-boosted data. The PRS will, however not be transmitted together with data and this type of restrictions is therefore not applicable.

[bookmark: _Toc24126697]A comb-12 PRS requires half as much positioning overhead as a comb-6 PRS to achieve the same positioning accuracy.
[bookmark: _Toc24126698]A comb-12 PRS gives much better positioning accuracy than a comb-6 PRS utilizing the same amount of positioning overhead.
[bookmark: _Toc24126699]A 10.8dB powerboosted comb-12 PRS which is transmitted over the full bandwidth except for the resource blocks at the band edges have no more out of band emissions than an unboosted Comb-1 PRS transmitted over the full bandwidth.
[bookmark: _Toc24126700]RAN4 has restricted boosting of some NR reference signals to rather small numbers. These signals are, however, transmitted together with data. In this case, boosting needs to be restricted to allow decoding of un-boosted data. The PRS will, however not be transmitted together with data and this type of restrictions is therefore not applicable.
[bookmark: _Toc24126701]EVM is the same for a 10.8dB powerboosted Comb-12 signal as for an un-boosted Comb-1 signal.
[bookmark: _Toc16867206][bookmark: _Toc24126673]The PRS Resource Comb-N value can be configured to 12 in addition to the already agreed values 2, 4 and 6.
1. [bookmark: _Ref16846164][bookmark: _Ref7598511]Number of symbols for DL PRS Resource
At RAN1#97 the following agreement was made regarding the number of symbols for a DL PRS Resource
Agreement:
· Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6}
· FFS: Inclusion of other values in the set including values in {1, 3, 8, 12}
· DL PRS Resource comb-N value is configurable from the set {2, 4, 6}
And at RAN1#98bis the following agreement was made on PRS resource repetitions
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

Thus, according to the agreements made in RAN1 so far, the maximum number of symbols of a PRS resource is 6 symbols and a PRS resource can be repeated up to 32 times. Consider a scenario in FR1 with one sector wide DL PRS Resource requiring 12 symbols to achieve coverage. This could be accomplished with a six symbol PRS resource repeated two times as illustrated in Figure 4. This is, however, a highly inefficient way of utilizing the radio resource compared to allowing a DL PRS resource with symbol length 12 as illustrated in Figure 5. The symbols in the two slots in Figure 4 not used for the DL PRS can be used for data transmission but it’s much less efficient to transmit two half slots of data compared to transmitting one full slot of data. In addition it’s more likely (depending on doppler) that the 12 symbols of the PRS resource in Figure 5 can be combined coherently than in Figure 4. Note that the comb factor of the PRS resources in Figure 4 and Figure 5 could very well be the same, e.g. 6. Thus, the decision on allowing a PRS resource symbol length of twelve should not be mixed up with the decision on Comb-12. A PRS resource symbol length of 12 is needed even if there is no agreement to support comb-12. Thus we propose that a PRS resource length of 12 is allowed for Comb size 2, 4 and 6.
[bookmark: _Ref23850609][bookmark: _Toc24126674]A PRS resource length ‘DL-PRS-NumSymbols’ of 12 symbols is allowed for comb size 2, 4 and 6.
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[bookmark: _Ref23837737]Figure 4 A 6 symbol PRS resource repeated two times with repetition gap 1. This is the only PRS resource in the PRS resource set.

[image: ]
[bookmark: _Ref23838621]Figure 5 A 12 symbol PRS resource which is not repeated. This is the only PRS resource in the PRS resource set.
If it’s agreed that a PRS resource length of 12 is allowed for Comb size 2, 4 and 6 (Proposal 5) then the PRS resource length can be longer than the comb size and also longer than the agreed frequency offset patterns. We propose that for PRS lengths longer than the comb size, the agreed frequency offset patterns are repeated up to the full length of the PRS resource as given in Table 7.
[bookmark: _Toc24126675]For PRS lengths longer than the comb size, the agreed frequency offset patterns are repeated up to the full length of the PRS resource as given in Table 7.
Table 7 The frequency offset  as a function of , i.e. the RE offset (in frequency) of the symbols in a DL PRS Resource relative to the RE offset of the first symbol of the DL PRS Resource for different comb sizes. For a PRS resource with a length of N symbols the N first columns are used.  For PRS resources with a greater number of symbols than the comb size the RE offset agreed at RAN1#98bis (marked in green) is repeated up to the full length of the PRS resource. Note that Comb size 12 and Comb size 1 are FFS.
	 
	Symbol number within the PRS resource 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	12
	0
	6
	3
	9
	11
	5
	2
	8
	10
	4
	1
	7

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1
	4
	2
	5

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



If support for comb size 12 is agreed, then a symbol length of 12 should be supported also for comb size 12 to allow full staggering.
[bookmark: _Toc24126676]A PRS resource length ‘DL-PRS-NumSymbols’ of 12 symbols is allowed for comb size 12.
In the IOO scenario one symbol is enough to achieve good coverage. In fact we see no improvement at all in positioning accuracy when increasing the number of symbols used, as shown by the simulation results in Figure 11. One occasion with one symbol is enough to achieve good coverage. Note also that in the IOO scenario propagation delays and delay spread is so short that there is no need for comb staggering. Clearly, in order not to waste resources it should be possible to configure the number of symbols for the DL PRS resource to 1. In the list of higher layer parameters the value range for DL-PRS-ResourceSymbolOffset is listed as {0, 1, 2, …, 12 }. To allow for any position in the slot for a one symbol PRS resource the value range should be modified to {0, 1, 2, …, 13 }
[bookmark: _Toc24126702]In the IOO scenario there is no improvement in positioning accuracy from using more than one symbol.
[bookmark: _Toc24126677]A PRS resource length ‘DL-PRS-NumSymbols’ of 1 symbol is allowed for all agreed comb sizes.
[bookmark: _Toc24126678]The value range for the higher layer parameter DL-PRS-ResourceSymbolOffset shall be changed from {0, 1, 2, …, 12 } to {0, 1, 2, …, 13 } to allow for any position in the slot for a one symbol PRS resource.
The FFS from RAN1#97 also lists the lengths 3 and 8 as potential PRS resource lengths (DL-PRS-NumSymbols). Allowing also these PRS resource lengths would introduce a finer granularity when balancing positioning overhead versus PRS coverage. We would be happy to include also these PRS resource lengths but we don’t see the need for this to be as critical as for the PRS resource lengths 1 and 12.
[image: ]
[bookmark: _Ref23852108]Figure 11 In the IOO scenario no improvement in positioning accuracy is seen when increasing the number of symbols used for the PRS resource. One occasion with one symbol is enough to achieve good coverage.
1. [bookmark: _Ref16846304]Muting
At RAN1#98 bis the following agreement was made
· Agreement:
· A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.
· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap
· Option 2: 
· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)
· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.
· Bitmap size values: 2, 4, 8, 16, 32 bits
· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE
We note that the agreed option 1 requires a ‘configurable number of consecutive instances’. This configuration number has been introduced in the CR for 38.211 section 7.4.1.7.1 as ‘the muting pattern bit repetition factor , given by the higher-layer parameter DL-PRS- MutingPatternBitRepetitionFactor’ but this higher layer parameter hasn’t been introduced in the list of higher layer parameters. Thus, we propose to include this parameter in the list of higher layer parameters.
[bookmark: _Toc24126703]The agreed option 1 for muting requires a ‘configurable number of consecutive instances’. This configuration number has been introduced in the CR for 38.211 section 7.4.1.7.1 as ‘the muting pattern bit repetition factor , given by the higher-layer parameter DL-PRS- MutingPatternBitRepetitionFactor’ but this higher layer parameter hasn’t been introduced in the list of higher layer parameters.
[bookmark: _Toc24126679]Include the parameter DL-PRS- MutingPatternBitRepetitionFactor, introduced in the CR for 38.211 section 7.4.1.7.1 based on the agreement on muting, in the list of higher layer parameters.
Regarding the FFS on the configuration of bitmaps corresponding to both options at the same time to the UE, we note that the two options don’t affect each other and thus are easily combined. We also note that one could e.g. use muting over repetitions (option 2) for ‘orthogonality muting’ and muting over occasions (option 1) for ‘strongest interferer muting’ (see Table 6) which could be very useful to achieve sufficient hearability of the PRS. We therefore propose to allow simultaneous configuration of the two muting mechanisms (option 1 and 2).
[bookmark: _Toc24126680]Allow configuration of bitmaps corresponding to both muting mechanisms (options 1 and 2) at the same time to the UE.
As a consequence, we propose also that an additional higher layer parameter named DL-PRS-RepetitionMutingPattern is introduced to configure the muting pattern for the repetition based muting mechanism, option 2. This parameter should be included in the list of higher layer parameters.
[bookmark: _Toc24126681]A higher layer parameter named DL-PRS-RepetitionMutingPattern is introduced to configure the muting pattern for the repetition based muting mechanism, option 2. This parameter is included in the list of higher layer parameters.
[bookmark: _Ref16870190]Table 6 Muting can be used both to achieve full orthogonality between a group of PRSs or to achieve strongest interferer muting within a group of PRSs.
	
	[bookmark: _Toc16867216]Orthogonality muting
	[bookmark: _Toc16867217]Strongest interferer muting

	[bookmark: _Toc16867218]Muting pattern 1
	[bookmark: _Toc16867219]1000
	[bookmark: _Toc16867220]0111

	[bookmark: _Toc16867221]Muting pattern 2
	[bookmark: _Toc16867222]0100
	[bookmark: _Toc16867223]1011

	[bookmark: _Toc16867224]Muting pattern 3
	[bookmark: _Toc16867225]0010
	[bookmark: _Toc16867226]1101

	[bookmark: _Toc16867227]Muting pattern 4
	[bookmark: _Toc16867228]0001
	[bookmark: _Toc16867229]1110

	[bookmark: _Toc16867230]Overhead factor
	[bookmark: _Toc16867231]4
	[bookmark: _Toc16867232]4/3



1. Dependence between the number of symbols and the comb size
In the agreement at RAN1 #97 it was noted that the dependence between the number of symbols and the comb size should be considered when considering the inclusion of additional values in the sets for these parameters. In fact some resource lengths (i.e. number of symbols of the PRS resource) break the range properties of the comb patterns in unfortunate ways and may therefore be excluded. In Table 9 resource lengths with good range properties are given. Thus, 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 9).
[bookmark: _Ref20918788]Table 9 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. TOFDM 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
	TOFDM/3

	3

	Comb-12
	2
	TOFDM/6

	6

	Comb-12
	1
	TOFDM/12

	12

	Comb-6
	12
	Full
	1

	Comb-6
	6
	Full
	2

	Comb-6
	2
	TOFDM/3

	6

	Comb-6
	1
	TOFDM/6

	12

	Comb-4
	12
	Full
	1

	Comb-4
	4
	Full
	3

	Comb-4
	2
	TOFDM/2

	6

	Comb-4
	1
	TOFDM/4

	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: _Toc24126682]For Comb-1 the configurable PRS resource length is limited to the set {1, 2, 3, 4, 6, 12}. For Comb-2 the configurable PRS resource length is limited to the set {1, 2, 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 9)
1. [bookmark: _Ref7594310]Multiple PRS Resource sets configured for one TRP
In R1-1911564 List of higher layer parameters for NR Positioning the maximum number of Resource sets (DL-PRS-ResourceSet) per TRP as well as the value range for the DL-PRS-ResourceSetId are FFS. Since the DL-PRS-ResourceSet will have a parent IE (to be defined by RAN2) with it’s own globally unique ID (i.e. a TRP ID) the DL-PRS-ResourceSetId need only be unique within it’s parent IE. The value range for the DL-PRS-ResourceSetId should therefore be of the form 0, 1,… , maximum number of Resource sets – 1.
[bookmark: _Toc24126683]The value range for the DL-PRS-ResourceSetId should be 0, 1,… , maximum number of Resource sets – 1.
The size of the maximum number of Resource sets clearly depends on what multiple number of resource sets is intended to be used for. One possibility is to use it for different positioning frequency layers. If that is the intention there is clearly a need for multiple PRS resource sets per TRP. In R1-1911564 there is, however, also a parameter NumTrpPerPositioningFrequencyLayer giving the maximum number of TRPs per Positioning frequency layer so this may not be the intention. In RAN1 some other proposals have been made for what multiple PRS resource sets per TRP could be used for, but nothing has been agreed so far. Example use cases proposed in RAN1 include
· Extra PRS with higher repetition factor transmitted with lower periodicity
· To allow RX beamsweeping while still keeping the overhead down
· Extra PRS with fewer and wider beams transmitted with lower periodicity
· To allow TX beam aquisition
· Extra PRS with longer PRS resources (more symbols or higher repetition factor) transmitted with lower periodicity
· Allowing better accuracy/coverage while still keeping the overhead down
This may be useful but if it’s not defined what the UE shall do or expect it will not be possible to utilize any such feature in reality. We are happy to agree to a maximum number of resource set per TRP larger than one, but this should then come with a well defined use case so that the UE knows what to use the multiple resource sets for.
[bookmark: _Toc24126684]Agree to a maximum number of Resource sets larger than one only together with a well defined use case and UE behavior for how to utilize multiple PRS resource sets per TRP.
1. Comb-1
Comb size 1 could be very useful to allow for full range with a single symbol PRS.
[bookmark: _Toc24126685]Support comb size 1 to allow for full range with a single symbol PRS.

1. PRS resource ID value range

The value range for the parameter DL-PRS-ResourceId is FFS in the list of higher layer parameters for NR Positioning (R1-1911564). The PRS resource ID need only be unique within it’s PRS Resource set. The value range should therefore be 0,1,… , maximum number of PRS resources per PRS resource set - 1. The maximum number of PRS resources per PRS resource set should be at least 64 (same as the maximum number of SSB beams). Larger numbers of beams could be useful to give improved PRS resource ID based DL angle of departure estimates.
[bookmark: _Toc24126686]The value range for the parameter DL-PRS-ResourceId should be 0,1,… , maximum number of PRS resources per PRS resource set - 1. The maximum number of PRS resources per PRS resource set should be at least 64.
1. PRS slot offsets and periodicity
In the list of higher layer parameters for NR Positioning (R1-1911564)a parameter DL-PRS-ResourceSetSlotOffset has been defined on the resource set level and a parameter DL-PRS-ResourceSlotOffset has been defined on the resource level. There is a note saying ‘Note that whether DL-PRS-Periodicity & DL-PRS-ResourceSlotOffset can be combined into 1 field is for further discussion. FFS slot offset parameter on the resource set level (additional to a resource parameter for slot offset)’. Clearly the DL-PRS-ResourceSetSlotOffset should be combined with the DL-PRS-Periodicity to save overhead in the standard way.
[bookmark: _Toc24126687]The DL-PRS-ResourceSetSlotOffset should be combined with the DL-PRS-Periodicity to save overhead in the standard way.
The value range for DL-PRS-ResourceSlotOffset is FFS. Here we need to consider the combination of beamsweeping with repetitions. Assume that we use 64 PRS resources (i.e. beam) which is the maximum number of beams for the SSB, and 32 repetitions (maximum agreed number of repetitions) with a repetition gap of one slot. Then the last PRS resource (i.e. the last beam would need to start 63*32 slots after the first PRS resource. To accommodate for such a scenario we propose that the value range is 0,1,… , 2047 which requires 11bits.
[bookmark: _Toc24126688]The value range for DL-PRS-ResourceSlotOffset is 0,1,… , 2047.

1. DL-PRS-SFN0-Offset
In the list of higher layer parameters for NR Positioning (R1-1911564) the value range for the parameter DL-PRS-SFN0-Offset is FFS. The value range could be 1,2,… , 63 similarly to the LTE PRS.
1. Gold code initialization
In this section we demonstrate that the interference of an NR PRS can be improved considerably compared to the  LTE PRS by 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. 
[image: ]
Figure 14a Intra-symbol cross-correlation intervals for normal CP LTE PRS and the NR PRS proposal.

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.
2.9.1 Proposal
For NR we propose an initialization scheme along the lines of the previously discussed design (where we demonstrated improvement over LTE PRS for the zero-lag cross-correlation). Specifically, the 31-bit initialization formula should cover all NR numerologies, meaning that the symbol counter covers 12 bits in total. All in all, the formula enables 18-bit scrambling IDs and a 12-bit symbol counter, which is only 1 bit short of completely exploiting the 31-bit range. In a sense this additional bit is used to avoid mod 2 linearity which is shown in previous agreements to impose bad correlation. In other agreements the mod 2 linearity was avoided by including a multiplication in the formula (between the symbol counter and the sequence ID), but an addition operation serves the same purpose (e.g the N_ID^PRS + 53t term in the previous formula). The proposal is:

Some comments on design are listed below:
· The symbol counter is , which covers 0,1,…,2239 and therefore requires 12 bits for complete binary representation. The “mod 1857” term means that the 12 bits are completely utilized since the maximum is 2239 + 1856 = 4095 = 2^12 – 1.
· The “mod 1857” term introduces additional scrambling over the symbol counter, which is not linear mod 2. It can be demonstrated that if this term is removed, the symbol-counter dependency on the cross-correlation increases significantly for many sequence ID pairs.
· The N_ID^PRS + 117t term is a more compact way of replacing the multiplication used in e.g. CSI-RS initialization for avoiding linearity mod 2. Its maximum is 2^18 – 1 + 117*2239 = 524106 which is slightly below 2^19-1 = 524287. Hence, the total c_init covers 12+19 = 31 bits as it should.
· It can be shown that this initialization formula is completely unique over all combinations of sequence ID and symbol counter.
· In LTE PRS, there is an explicit NCP term (one bit) for extended CP and normal CP. One may discuss if this parameter should be explicitly included in the NR PRS (mu=2) also. If so, one may replace N_ID^PRS in the formula with 2N_ID^PRS + NCP, meaning that the scrambling ID is 17-bit instead of 18-bit.
· An 18 bit scrambling ID allows for unique sequence initialization of 64 beams per PRS Resource set while still leaving 12 bits to use for TRP ID, Resource set ID etc.

[bookmark: _Toc24126689]The sequence initialization is 

2.9.2 Performance metric
When evaluating the cross-correlation for the LTE PRS comparison (Figure 12a) we considered zero-lag correlation only. This allowed us to cover the entire 12-bit span in reasonable computation time. However, in positioning applications when wanting to find the first peak, a more informative (but also more computationally demanding) metric is the maximum cross-correlation over several lags. Specifically, we want to have a distribution of this maximum cross-correlation over the symbol counter which is as independent as possible over the scrambling ID pairs.
Figure 12b shows not only zero-lag for the proposed 18-bit PRS, but also the maximum cross-correlation over the lag ranges 0-341 (approx. 1/12 of an OFDM symbol) and 0-683 (approx. 1/6 of an OFDM symbol). One “CDF” line corresponds to one sequence ID pair (there are 40 random sequence IDs producing 780 lines). The CDF lines are produces by spanning the symbol counter from 0 to 2239 and then sorting the correlation magnitudes in ascending order.
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Figure 15b Intra-symbol cross-correlation for the 18-bit NR PRS proposal.

2.9.3 Comments on other proposals
The proposal of [5] for  c_init for 16-bit scrambling ID is as follow:
c_init = [ 2^16 * (t * (2nID+1)) + nID ] mod 2^31
There are many ID pairs where scrambling ID and symbol counter are simply added to each other for this proposal. Take for example nID1 = 0 and nID2 = 2^14. Then cinit1 = 2^16 * f(t) + nID1 and cinit2 = 2^16 * f(t) + nID2. It has previously been noted that such pairs tend to produce poor correlation.
The cross-correlation properties appearing due to such mod 2 linear dependencies are demonstrated in Figure 12c. The curves was generated from the same procedure as in Figure 12b but with the Qualcomm proposal instead. The sequence IDs are [0 2^14 1 2^14+1], producing 6 pairs. We see that there are two pairs (i.e. (0, 2^14) and (1, 2^14+1)) where the cross-correlations are systematically worse than the others over all t. Specifically for these two ID pairs, the red, blue and black curves overlap for all t, meaning that the maximum is always on the zero-lag. This validated previous intuition that mod 2 linear dependencies between the symbol counter and the scrambling ID produce a certain degree of systemic correlation.
[image: ]
Figure 16c Intra-symbol cross-correlation for the 16-bit Qualcomm NR PRS proposal.

Intel propose the following 12-bit scrambling ID:
c_init = 2^12 * (14(n_{s,f}^\mu + 1) + l + 1) * (nID mod 256 + 1) + nID
For mu=4 this c_init goes out of bounds (beyond 31 bits). Take n_{s,f}^\mu = 159, l = 13 and nID = 2^12-1. The resulting c_init is larger than 2^31.


1. [bookmark: _Ref16850590]Number of ports
Ports is a mechanism used to allow the UE to infer the channel/channels over which one physical channel or signal is transmitted from the channel/channels over which another physical channel or signal is transmitted. The PRS is not used by the UE for such purposes and thus the PRS should have only one port.
[bookmark: _Toc16867234][bookmark: _Toc24126690]The PRS has one port.
1. [bookmark: _Ref7792918]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 signaling.
[bookmark: _Toc24126691]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 signaling.

At RAN1#98bis the following agreement was made:
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


[image: ]	 	
Here there is an FFS for other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS. Since we have the possibility to utilize the LTE PRS through inter RAT RSTD measurements we don’t think it’s meaningful to introduce a new RE pattern to coexist with LTE CRS/PRS. What could be of interest would be to introduce the LTE PRS as an NR signal to allow NR only terminals to utilize an LTE PRS in dynamic spectrum sharing scenarios. NR only terminals are not so likely to come to the market very soon but if an NR light weight UE class is specified in Rel. 17 then there may come NR only terminals for that UE class.
[bookmark: _Toc24126692]No DL PRS RE pattern to coexist with LTE CRS/PRS should be introduced but the introduction of the LTE PRS as an NR signal to allow NR only terminals to utilize an LTE PRS in a DNS scenario could be considered
1. 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. If a UE is configured with a DL PRS which collides with SSB or CORESETs that are transmitted from the same cell as the DL PRS then the UE shall assume that the DL PRS is not transmitted on colliding resource elements.
[bookmark: _Toc7814217][bookmark: _Toc16867238][bookmark: _Toc24126693]The UE shall assume that a DL PRS is not transmitted on REs colliding with SSB and CORESETs transmitted from the same cell as the DL PRS.
If a gNB is transmitting a DL PRS in a certain cell, then it can’t simultaneously transmit data over the same resource element. In fact, if the PRS is powerboosted, the gNB can’t transmit data on any resource element that is both in the same symbol and in the same RB as a resource element utilized to transmit the DL PRS. If a UE is scheduled for DL data on PDSCH colliding with a DL PRS transmitted in the same cell it therefore makes sense for the UE to rate match around the resource elements used to transmit the DL PRS or even to rate match around any resource element that is both in the same symbol and in the same RB as a resource element utilized to transmit the DL PRS.
[bookmark: _Toc24126694]A UE scheduled for DL data on PDSCH colliding and configured with DL PRS transmitted in the same cell shal rate match around the DL PRS. The detailed rate matching mechanism is FFS.
1. Serving cell RTT based on the TRS (CSI-RS for tracking)
For TOA estimation in the serving cell there is no near far effect. The TOA measurement is done for the strongest cell. Consequently, the needs for interference suppression is limited. Comb-4 combined with processing gain is by far enough. For DL reference signals originating in the serving cell only bandwidth and coverage (i.e.  signal over noise - not interference) limits TOA accuracy. 
The CSI-RS for tracking is a comb-4 signal, already transmitted by a serving cell to support data communication. In the serving cell the SSB is hearable and can be used for a first rough TOA estimate with full measurement range. A refined TOA estimate can then be made based on a full bandwidth TRS utilising the rough SSB estimate to restrict the search window to be within the TRS measurement range. The combination of SSB and TRS thus ensures full measurement range as well as good accuracy. 
The consequence of these facts is that TOA estimation in the serving cell based on the TRS performs just as well as a Comb-6 PRS. This fact is verified by simulations in Figure 1. On top of this, the TRS comes for free. It anyhow has to be transmitted for communication purposes.
[bookmark: _Toc24126704]For serving cell TOA the SSB and the TRS can be used in combination to achieve full TOA measurement range.
[bookmark: _Toc24126705]The serving cell TOA accuracy is the same for the TRS as for a Comb-6 PRS.
[bookmark: _Toc24126706]The TRS comes for free since it’s anyhow used for communication purposes while the PRS comes at the cost of a positioning overhead stealing capacity from communication.
Thus, all arguments that have been raised against the TRS in the general case are invalidated for the case of serving cell TOA while the arguments in favour of the TRS remains.
A high precision serving cell RTT measurement is very valuable. It can be used for ECID or combined with angle of arrival measurements to achieve accurate single cell positioning. This could be done without implementing a PRS and without any coordination among network nodes. We therefore propose that the UE Rx-Tx time difference measurement in the serving cell should be supported based on the SSB and TRS in the DL and the SRS in the uplink. To allow a very simple implementation with minimal network signalling we propose that the UE Rx-Tx time difference measurement in the serving cell is configured by RRC. No new signalling is needed to configure the TRS since the TRS is already today configured by RRC for communication purposes. We propose that the table mapping signals to measurements is updated accordingly and that an LS is sent to RAN2 to inform RAN2 about these decisions.
[bookmark: _Toc24126695]The UE Rx-Tx time difference measurement in the serving cell should be supported based on the SSB and TRS in the DL and the SRS in the uplink. The table, mapping signals to measurements, should be updated accordingly.
[bookmark: _Toc24126696]RAN1 should send an LS to RAN2 to inform RAN2 about the decision in Proposal 1 and also ask RAN2 to consider the UE Rx-Tx time difference measurement in the serving cell to be configured by RRC.
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Figure 1 The difference in TOA accuracy for the TRS and for a Comb-6 PRS is indistinguishable in all scenarios. Note also that the accuracy is of the order of one meter until coverage effects set in above the 90 percentile for UMi and above the 80 percentile for UMa. All simulations where done for 100MHz bandwidth at 2GHz carrier with 30kHz subcarrier spacing.

Conclusion
In the previous sections we made the following observations: 
Observation 1	A comb-12 PRS requires half as much positioning overhead as a comb-6 PRS to achieve the same positioning accuracy.
Observation 2	A comb-12 PRS gives much better positioning accuracy than a comb-6 PRS utilizing the same amount of positioning overhead.
Observation 3	A 10.8dB powerboosted comb-12 PRS which is transmitted over the full bandwidth except for the resource blocks at the band edges have no more out of band emissions than an unboosted Comb-1 PRS transmitted over the full bandwidth.
Observation 4	RAN4 has restricted boosting of some NR reference signals to rather small numbers. These signals are, however, transmitted together with data. In this case, boosting needs to be restricted to allow decoding of un-boosted data. The PRS will, however not be transmitted together with data and this type of restrictions is therefore not applicable.
Observation 5	EVM is the same for a 10.8dB powerboosted Comb-12 signal as for an un-boosted Comb-1 signal.
Observation 6	In the IOO scenario there is no improvement in positioning accuracy from using more than one symbol.
Observation 7	The agreed option 1 for muting requires a ‘configurable number of consecutive instances’. This configuration number has been introduced in the CR for 38.211 section 7.4.1.7.1 as ‘the muting pattern bit repetition factor , given by the higher-layer parameter DL-PRS- MutingPatternBitRepetitionFactor’ but this higher layer parameter hasn’t been introduced in the list of higher layer parameters.
Observation 8	For serving cell TOA the SSB and the TRS can be used in combination to achieve full TOA measurement range.
Observation 9	The serving cell TOA accuracy is the same for the TRS as for a Comb-6 PRS.
Observation 10	The TRS comes for free since it’s anyhow used for communication purposes while the PRS comes at the cost of a positioning overhead stealing capacity from communication.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The PRS Resource Comb-N value can be configured to 12 in addition to the already agreed values 2, 4 and 6.
Proposal 2	A PRS resource length ‘DL-PRS-NumSymbols’ of 12 symbols is allowed for comb size 2, 4 and 6.
Proposal 3	For PRS lengths longer than the comb size, the agreed frequency offset patterns are repeated up to the full length of the PRS resource as given in Table 7.
Proposal 4	A PRS resource length ‘DL-PRS-NumSymbols’ of 12 symbols is allowed for comb size 12.
Proposal 5	A PRS resource length ‘DL-PRS-NumSymbols’ of 1 symbol is allowed for all agreed comb sizes.
Proposal 6	The value range for the higher layer parameter DL-PRS-ResourceSymbolOffset shall be changed from {0, 1, 2, …, 12 } to {0, 1, 2, …, 13 } to allow for any position in the slot for a one symbol PRS resource.
Proposal 7	Include the parameter DL-PRS- MutingPatternBitRepetitionFactor, introduced in the CR for 38.211 section 7.4.1.7.1 based on the agreement on muting, in the list of higher layer parameters.
Proposal 8	Allow configuration of bitmaps corresponding to both muting mechanisms (options 1 and 2) at the same time to the UE.
Proposal 9	A higher layer parameter named DL-PRS-RepetitionMutingPattern is introduced to configure the muting pattern for the repetition based muting mechanism, option 2. This parameter is included in the list of higher layer parameters.
Proposal 10	For Comb-1 the configurable PRS resource length is limited to the set {1, 2, 3, 4, 6, 12}. For Comb-2 the configurable PRS resource length is limited to the set {1, 2, 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 9)
Proposal 11	The value range for the DL-PRS-ResourceSetId should be 0, 1,… , maximum number of Resource sets – 1.
Proposal 12	Agree to a maximum number of Resource sets larger than one only together with a well defined use case and UE behavior for how to utilize multiple PRS resource sets per TRP.
Proposal 13	Support comb size 1 to allow for full range with a single symbol PRS.
Proposal 14	The value range for the parameter DL-PRS-ResourceId should be 0,1,… , maximum number of PRS resources per PRS resource set - 1. The maximum number of PRS resources per PRS resource set should be at least 64.
Proposal 15	The DL-PRS-ResourceSetSlotOffset should be combined with the DL-PRS-Periodicity to save overhead in the standard way.
Proposal 16	The value range for DL-PRS-ResourceSlotOffset is 0,1,… , 2047.
Proposal 17	The sequence initialization is 
Proposal 18	The PRS has one port.
Proposal 19	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 signaling.
Proposal 20	No DL PRS RE pattern to coexist with LTE CRS/PRS should be introduced but the introduction of the LTE PRS as an NR signal to allow NR only terminals to utilize an LTE PRS in a DNS scenario could be considered.
Proposal 21	The UE shall assume that a DL PRS is not transmitted on REs colliding with SSB and CORESETs transmitted from the same cell as the DL PRS.
Proposal 22	A UE scheduled for DL data on PDSCH colliding and configured with DL PRS transmitted in the same cell shal rate match around the DL PRS. The detailed rate matching mechanism is FFS.
Proposal 23	The UE Rx-Tx time difference measurement in the serving cell should be supported based on the SSB and TRS in the DL and the SRS in the uplink. The table, mapping signals to measurements, should be updated accordingly.
Proposal 24	RAN1 should send an LS to RAN2 to inform RAN2 about the decision in Proposal 1 and also ask RAN2 to consider the UE Rx-Tx time difference measurement in the serving cell to be configured by RRC.
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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
	NR-PRS
1. Comb-1
1. Comb-4
1. Comb-6
1. Comb-12

	Scenarios
	1. Urban Macro (UMa)
1. Number of sites: 19 (3 sector deployment)
1. Inter site distance: 500 m
1. Urban Micro (UMi)
1. Number of sites: 19 (3 sector deployment)
1. Inter site distance: 200 m
1. Indoor Open Office (IOO)
1. Number of sites: 12 (single sector deployment)
1. Deployment area size: 120 m x 50 m
1. Inter site distance: 20 m
1. Extended Indoor Open Office (EIOO), see layout in Figure 25.
1. Number of sites: 20 (single sector deployment)
1. Deployment area size: 200 m x 50 m
1. Inter site distance: X-ISD = 25 m and Y-ISD = 25 m and 50 m

	UE dropping procedure
	1. 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.
1. UMi: All UEs outdoor. UE speed: 3 kmph. All UEs dropped at the central cell of the deployment.
1. 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 24. 






















PRS reuse ¼.



















PRS reuse 1/6.



















PRS reuse 1/12 plan.

[bookmark: _Ref16871670]Figure 28 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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[bookmark: _Ref16848311]Figure 29 Layout of the Extended IOO scenario.
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