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In this contribution, we present our views on some remaining issues on DL PRS for Rel-16 NR positioning.
DL PRS Bandwidth and Start PRB 
In RAN1#98bis meeting [1], it was agreed that a ‘positioning frequency layer’ is a collection of DL PRS resource set across TRPs which have the same SCS, the same center frequency and the same pointA. While in RAN1#99 meeting [2], it was also agreed that all DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of DL PRS Bandwidth and Start PRB. From our point of view, DL PRS Bandwidth and Start PRB are two parameters to determine the frequency domain location of a DL PRS resource set or a ‘positioning frequency layer’. These two parameters need to be closely linked. Therefore, we propose 
Proposal 1: 
· Adopt the following text proposals into TS 38.214 for modifying the position of ‘DL-PRS-StartingPRB’.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
-	DL-PRS-CombSizeN defines the comb size of a DL PRS resource where the allowable values are given in Clause 7.4.1.7.1 of [TS38.211]. All DL PRS resource sets belonging to the same positioning frequency layer have the same value of DL-PRS-combSizeN.
-	DL-PRS-ResourceBandwidth defines the number of resource blocks configured for PRS transmission. The parameter has a granularity of 4 PRBs with a minimum of 24 PRBs and a maximum of 272 PRBs. All DL PRS resources sets within a positioning frequency layer have the same value of DL-PRS-ResourceBandwidth.
-	DL-PRS-StartPRB defines the starting PRB index of the DL PRS resources within a DL PRS resource set with respect to reference Point A. The starting PRB index has a granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB.
A PRS resource is defined by:
< Unchanged parts are omitted >
-	DL-PRS-QCL-Info defines any quasi-colocation information of the DL PRS resource with other reference signals. The DL PRS may be configured to be ‘QCL-Type-D’ with a DL PRS or SS/PBCH Block from a serving cell or a non-serving cell. The DL PRS may be configured to be ‘QCL-Type-C’ with a SS/PBCH Block from a serving or non-serving cell. If the DL PRS is configured as both ‘QCL-Type-C’ and ‘QCL-Type-D’ with a SS/PBCH Block then the SSB index indicated should be the same.
-	DL-PRS-StartPRB defines the starting PRB index of the DL PRS resource with respect to reference Point A. The starting PRB index has a granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB.
The UE assumes constant EPRE is used for all REs of a given DL PRS resource.



DL PRS periodicity 
In RAN1#98 meeting [3], the following agreement was achieved related to DL PRS periodicity.
Agreement:
· The following periodicity values for periodicity of DL PRS allocation are supported
· P = {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots
· 20480 is not supported for an SCS of 15 kHz
· FFS: Further restrictions on values applicable to different SCS
While in RAN1#99 meeting [2], the description of DL PRS periodicity was changed to 
Agreement:
The following periodicity values of DL PRS resource allocation are supported depending on SCS
·  {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240} slots, µ = 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively
In addition, in the latest version of TS 38.211, regarding the periodicity of DL PRS, it is described as follows: 
	-	the periodicity  is given by the higher-layer parameter DL-PRS-Periodicity; 


Therefore, for the description of DL PRS periodicity in TS 38.214, we prefer the description to be aligned with the conclusion of RAN1#99 meeting and TS 38.211. Therefore, we propose that 
Proposal 2: 
· Adopt the following text proposals into TS 38.214 for the description of DL PRS periodicity.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
A PRS resource set consists of one or more PRS resources and it is defined by:
-	DL-PRS-ResourceSetId defines the identity of the DL PRS resource set configuration. 
-	DL-PRS-Periodicity defines the DL PRS resource periodicity and takes values  slots, slots, where for DL-PRS-SubcarrierSpacing=15, 30, 60 and 120kHz respectively. 20480 is not supported for  All the DL PRS resources within one resource set are configured with the same periodicity. 
-	DL-PRS-ResourceRepetitionFactor defines how many times each DL-PRS resource is repeated for a single instance of the DL-PRS resource set and takes values ,. All the DL PRS resources within one resource set have the same ResourceRepetitionFactor
< Unchanged parts are omitted >



DL PRS sequence 
In RAN1#99 meeting [2], the following agreement was achieved related to DL PRS sequence initialization cinit.
Agreement:
For DL PRS sequence initialization cinit is defined as follows:

· where the parameter a = 2^22 and  has a range of 0~4095
Looking at this equation, we can divide this equation into 3 parts. Under ideal conditions, the lowest 10 bits represent the 10 LSBs of the PRS sequence ID, the highest 2 bits represent the 2 MSBs of the PRS sequence ID, and the middle bits are related to time domain position multiplied by part of the PRS sequence ID.  It is worth noting that the 2 MSBs of the PRS sequence ID are multiplied by the parameter a, where the parameter equals 2^22. However, in our opinion, a = 2^22 may cause some problems compared with a=2^29.
1) a=2^22 may cause more repeated initialization sequences. We selected a typical case of SCS = 15kHz.
For SCS=15kHz and a=2^22, we traversed all the sequences with ,  and . Of the total 573440 sequences, 2134 sequences are repeated, and the proportion of repeated sequences is 3.7e-3.
For SCS=15kHz and a=2^29, we traversed all the sequences with ,  and . Of the total 573440 sequences, 26 sequences are repeated, and the proportion of repeated sequences is 4.53e-5 which degrades a lot.
2) a=2^22 may cause more interference from lower bits of the cinit sequence for 2 MSBs of the PRS sequence ID  
We calculated that the number of sequences where the 2 MSBs of the PRS sequence ID can be read correctly, e.g. for a=2^22, the 23th and 24th bit of the sequence are equal to.
Based on the criteria above, for SCS=15kHz and a=2^22, of the total 573440 sequences, only 151156 sequences are selected. For the remaining sequences, the 2 MSBs of the PRS sequence ID may be interfered by the middle bits related to PRS time domain position. 
While for SCS=15kHz and a=2^29, all the sequences can be selected.
To sum up, we think a=2^29 is a better choice compared with a=2^22. 
Proposal 3: 
· For PRS sequence initialization cinit, the value of a should be changed to 2^29.
Proposal 4: 
· Adopt the following text proposals into TS 38.211 for the description of DL PRS sequence initialization.
	TS 38.211-g00
7.4.1.7 Positioning reference signals
< Unchanged parts are omitted >
[bookmark: _Toc29230405]7.4.1.7.2	Sequence generation
The UE shall assume the reference-signal sequence  is defined by

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with

where  is the slot number, the downlink PRS sequence ID  is given by the higher-layer parameter DL-PRS-SequenceId, and  is the OFDM symbol within the slot to which the sequence is mapped.

< Unchanged parts are omitted >



Conclusion
In this contribution, we discuss DL PRS design for positioning with the following observations and proposals:
Proposal 1: 
· Adopt the following text proposals into TS 38.214 for modifying the position of ‘DL-PRS-StartingPRB’.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
-	DL-PRS-CombSizeN defines the comb size of a DL PRS resource where the allowable values are given in Clause 7.4.1.7.1 of [TS38.211]. All DL PRS resource sets belonging to the same positioning frequency layer have the same value of DL-PRS-combSizeN.
-	DL-PRS-ResourceBandwidth defines the number of resource blocks configured for PRS transmission. The parameter has a granularity of 4 PRBs with a minimum of 24 PRBs and a maximum of 272 PRBs. All DL PRS resources sets within a positioning frequency layer have the same value of DL-PRS-ResourceBandwidth.
-	DL-PRS-StartPRB defines the starting PRB index of the DL PRS resources within a DL PRS resource set with respect to reference Point A. The starting PRB index has a granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB.
A PRS resource is defined by:
< Unchanged parts are omitted >
-	DL-PRS-QCL-Info defines any quasi-colocation information of the DL PRS resource with other reference signals. The DL PRS may be configured to be ‘QCL-Type-D’ with a DL PRS or SS/PBCH Block from a serving cell or a non-serving cell. The DL PRS may be configured to be ‘QCL-Type-C’ with a SS/PBCH Block from a serving or non-serving cell. If the DL PRS is configured as both ‘QCL-Type-C’ and ‘QCL-Type-D’ with a SS/PBCH Block then the SSB index indicated should be the same.
-	DL-PRS-StartPRB defines the starting PRB index of the DL PRS resource with respect to reference Point A. The starting PRB index has a granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB.
The UE assumes constant EPRE is used for all REs of a given DL PRS resource.



Proposal 2: 
· Adopt the following text proposals into TS 38.214 for the description of DL PRS periodicity.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
A PRS resource set consists of one or more PRS resources and it is defined by:
-	DL-PRS-ResourceSetId defines the identity of the DL PRS resource set configuration. 
-	DL-PRS-Periodicity defines the DL PRS resource periodicity and takes values  slots, slots, where for DL-PRS-SubcarrierSpacing=15, 30, 60 and 120kHz respectively. 20480 is not supported for  All the DL PRS resources within one resource set are configured with the same periodicity. 
-	DL-PRS-ResourceRepetitionFactor defines how many times each DL-PRS resource is repeated for a single instance of the DL-PRS resource set and takes values ,. All the DL PRS resources within one resource set have the same ResourceRepetitionFactor
< Unchanged parts are omitted >


Proposal 3: 
· For PRS sequence initialization cinit, the value of a should be changed to 2^29.
Proposal 4: 
· Adopt the following text proposals into TS 38.211 for the description of DL PRS sequence initialization.
	TS 38.211-g00
7.4.1.7 Positioning reference signals
< Unchanged parts are omitted >
7.4.1.7.2	Sequence generation
The UE shall assume the reference-signal sequence  is defined by

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with

where  is the slot number, the downlink PRS sequence ID  is given by the higher-layer parameter DL-PRS-SequenceId, and  is the OFDM symbol within the slot to which the sequence is mapped.

< Unchanged parts are omitted >
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