
3GPP TSG RAN WG1 #99		R1-1912044
Reno, USA, November 18th – 22nd, 2019

Source:	vivo
[bookmark: Title]Title:	Remaining issues on DL RS design for NR positioning
[bookmark: Source]Agenda Item:	7.2.10.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#98bis meeting, the following agreements were reached on DL PRS [1].
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
Agreement:
The DL-PRS-Point A can take values given by ARFCN-ValueNR
Agreement:
· Rename “frequency layer” to “positioning frequency layer” in previous agreements for positioning in Rel-16
· In the agreements made in RAN1 related to NR positioning, a “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have
· the same SCS and CP type
· the same centre frequency
· the same point-A (already agreed)
· FFS: details on configured BW
Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}
· FFS: other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS
Agreement:
· Parameter DL-PRS-ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set
· Values: 1, 2, 4, 6, 8, 16, 32
· Parameter DL-PRS-ResourceTimeGap is configured for a DL-PRS Resource Set
· DL-PRS-ResourceTimeGap indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set 
· DL-PRS-ResourceTimeGap is provided only if DL-PRS-ResourceRepetitionFactor is configured and is greater than 1
· Values: 1, 2, 4, 8, 16, 32
· The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity 
· Note: UE RX beam sweeping is up to UE implementation
Agreement:
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
Agreement:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID
Agreement:
· DL PRS Resource IDs are locally defined within DL PRS Resource Set
· DL PRS Resource Set IDs are locally defined within TRP
· All DL PRS Resources of the DL PRS Resource Set have the same bandwidth
· A higher layer parameter, DL-PRS-SFN0-Offset, is configured
· Defines time offset of the SFN0 slot 0 for given TRP with respect to SFN0 slot 0 of FFS for RAN2 WG 1) serving TRP or 2) serving cell 3) etc.
· FFS values
· A higher layer parameter, DL-PRS-ResourceSetSlotOffset, is configured
· Defines slot offset with respect to SFN slot 0 for a TRP where DL PRS Resource Set is configured (i.e. slot where the first DL PRS Resource of DL PRS Resource Set occurs)
· Values: {0, 1, …, DL-PRS-Periodicity-1}
· The previously defined higher layer parameter, DL-PRS-RstdReferenceInfo, is used as a reference to determine the higher layer parameters, DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty
In this contribution, we present our views on DL Positioning Reference Signal (PRS) design.
DL PRS design
Comb size 
For NR positioning, it is hard to define a single pattern satisfying all the deployment cases due to much higher flexibility provided by the NR physical layer structure and configurations. For example, considering all the numerologies (SCS and CP) supported by NR and various deployment scenarios, it is very straight forward to design and specify multiple DL PRS patterns. Thus, PRS pattern design should consider different positioning accuracy requirements and be flexible enough to satisfy them with reasonable cost (i.e. overhead). In the scenarios where performance requirements are not stringent, the PRS pattern design with less overhead could be adopted. While in some other high accuracy scenarios, the pattern with large overhead should be considered. To ensure better correlation performance, it is preferable to allocate PRS RE for each subcarrier in the PRB. In RAN1#97, it has been agreed that DL PRS Resource comb-N value is configurable from the set {2, 4, 6}, and FFS: Inclusion of other values in the set including values in {1, 8, 12}. Therefore, several typical patterns based on different comb structures are shown in Fig.1-Fig.4. 
[image: ][image: ]
Fig.1 a typical pattern of comb-12        Fig.2 a typical pattern of comb-6
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Fig.3 a typical pattern of comb-4       Fig.4 a typical pattern of comb-2
From our point of view, compared with other patterns that have been agreed in previous meeting, the pattern with comb-12 structure not only can be configured with the largest power boosting of 10.8 dB, but can also be applied for 12 cells simultaneously using FDM which can reduce inter-cell interference, and both of which can greatly improve the hearability of cells far away from UE. Although this pattern has large time overhead especially for PRS beam sweeping transmission, this pattern also has a significant performance boost for outdoor scenarios which may not need many beams.
Based on the discussion above, we evaluated the performance for patterns with comb-12, comb-6 and comb-4 in outdoor scenario such as UMi, and the results are shown in Fig.5.
[image: ][image: ]
[image: ][image: ]
Fig.5 positioning performance with different patterns for UMi scenario
From the simulation results, it can be concluded the patterns with low overhead (such as comb-4) are no longer the ideal choice for UMi scenario. From our point of view, considering the performance boost, the comb-12 pattern is a good choice for outdoor scenarios. In summary, among the set of potential values for comb-N {1, 2, 3, 4, 6, 8, 12} from RAN1#96bis, we think 12 should be supported in addition to {2, 4, 6}. In addition, for comb-12 structure, 12 symbols for DL PRS resource should also be supported.
[bookmark: Pro2]Proposal 1: DL PRS Resource comb-N value is configurable from the set {2, 4, 6, 12}.
[bookmark: Obs1]Proposal 2: Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6, 12}. 
Relative RE Offset 
In order to describe a staggered PRS pattern a DL PRS resource, ‘relative RE offset’ has been introduced in RAN1#98 meeting. A relative RE offset of each of the following symbols is derived from the configured number of symbols for an DL PRS resource, the comb size for the DL PRS resource and the DL PRS symbol index within the DL PRS resource. We think relative RE offset can be configured by a table which includes at least one relative RE offset configuration. In each configuration, there are N values representing the relative RE offset values of the first N symbols for a DL PRS resource, and N is equal to comb size.
For comb-2 structure, there should be only one configuration as below in Table.1 which has been already agreed.
Table.1 Configuration of relative RE offset for comb-2
	Configuration index 
	Configuration of relative RE offset 

	1
	{0,1}


For comb-4 structure, there may be 2 options as shown in Table.2.
Table.2 Configuration of relative RE offset for comb-4
	Configuration index 
	Configuration of relative RE offset 

	1
	{0,2,1,3}

	2
	{0,1,2,3}


Both types of patterns can be described by Fig.6 and Fig.7.
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Fig.6 an irregular pattern of comb-4         Fig.7 a regular pattern of comb-4
In terms of positioning performance, we don’t think there will be any difference given the same comb size and number of symbols for regular or irregular patterns for typical scenarios. However, the relative RE offset in frequency domain of a regular pattern would be easier to be described as a formula compared to that of an irregular pattern. 
For comb-6 structure, three types of patterns are supported as shown in Table.3.
Table.3 Configuration of relative RE offset for comb-6
	Configuration index 
	Configuration of relative RE offset 

	1
	{0,3,1,4,2,5}

	2
	{0,2,4,1,3,5}

	3
	{0,1,2,3,4,5}


In Table.3, there may be 2 irregular options which are also shown in Fig.8 and Fig.9.
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Fig.8 irregular pattern 1 of comb-6        Fig.9 irregular pattern 2 of comb-6
We also evaluated the performance when any 3 consecutive symbols are missed for the patterns in Fig.10.
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Fig.10 Correlation performance of 2 irregular patterns
It can be seen when missing 3 symbols, irregular pattern 2 can provide more robust correlation performance than irregular pattern 1. Therefore, when configuring DL PRS patterns for comb-6, irregular pattern 2 should be considered. So this pattern should be included in the configuration of relative RE offset and the corresponding configuration is {0, 2, 4, 1, 3, 5}.
For comb-12 structure, there may be more candidate patterns. In our point of view, at least the following configurations in Table.4 should be supported.
Table.4 Configuration of relative RE offset for comb-12
	Configuration index 
	Configuration of relative RE offset 

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

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

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


Proposal 3: Relative RE offset can be configured by a table which includes at least one relative RE offset configuration for each comb size.
· Support configuration of relative RE offset in Table.2 – Table.4.
Based on the discussion above, a formula to generate a staggered pattern for PRS resource is as follow:
	For PRS resource configured, the UE shall assume the sequence r(m) being mapped to resource elements according to


where
   







where
·  is the power scaling factor
·  , which can also be represented by PRS frequency density.   is PRS frequency density,=
·  is the PRS OFDM symbol in the PRS slot
·  is the starting symbol in the PRS slot
·  is the sequential PRS OFDM symbol number, counted from the start of the PRS resource. For the start symbol of the PRS resource,.  , where is the number of symbols for a PRS resource.
· [image: ]is the is the relative offset of symbol to the RE offset in frequency domain of the first symbol in the SRS resource.
·  is one configuration chosen in the table above which is related to relative RE offsets consisting of      values.  The configuration can be used to represent the Relative RE offset of the first  symbols of the DL PRS resource.
·  is the comb offset of the first symbol of the PRS resource (or the lowest RE position of the start symbol of the PRS resource), which may be related to PRS sequence ID 
· The reference point for k=0 is subcarrier 0 in common resource block 0.


Bandwidth
Bandwidth configuration of PRS can be described as starting PRB and number of PRBs. In RAN1#98bis, it has been agreed that start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of [2176] PRBs. The upper limit of starting PRB is not decided yet. In NR, the measurement bandwidth configuration of CSI-RS for mobility is shown below which is specified in TS38.331. 
CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}
For CSI-RS resource for mobility, the minimum bandwidth in PRBs is not less than 24 PRBs and the starting PRB index is from 0 to 2169. Considering the minimum bandwidth for DL PRS in PRBs is also not less than 24 PRBs, the upper limit of starting PRB for CSI-RS resource for mobility may be reused for PRS configuration.
Proposal 4: For NR positioning, the upper limit of starting PRB for PRS configuration should be 2169.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Another question is whether PRS bandwidth should be configured at resource set level or ‘positioning frequency layer’ level. A “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have same numerology, same center frequency and same point A at least. While bandwidth can be described as number of PRBs allocated for DL PRS Resource and the values can be chosen from {24, 28, 32, 36, 40, …, 268, 272}. Considering multiple bandwidth configurations, if bandwidth is still configured in ‘positioning frequency layer’, the number of ‘positioning frequency layer’ will increase a lot. In addition, from the perspective of RRM measurement, there is no restriction on the same CSI-RS bandwidth in one MO. Therefore, from our point of view, bandwidth should be a parameter which belongs to PRS resource set.
Proposal 5: Bandwidth is configured for each PRS resource set.
In RAN1#96bis, it has been agreed that the DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE. During RAN1#97, it has been further agreed that for intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured BWPs. Considering the measurement gap configuration is independent of PRS configuration, when UE is expected to measure the DL PRS resource outside the active DL BWP, an RRC signalling which is transmitted from the UE to the serving gNB should be introduced for the UE to request the measurement gap configuration after receiving LPP assistance data. This is similar to InterFreqRSTDMeasurementIndication introduced in LTE for the UE to request measurement gap. The related time domain information to indicate the measurement gap should be included in this signalling.
Therefore, we propose
Proposal 6: An RRC signalling should be introduced for UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP.
Moreover, when not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP with the same numerology as the active DL BWP. The frequency domain occupation on common resource grid of DL PRS resource can be determined by certain starting CRB index and bandwidth. Considering that the DL PRS configuration is independent of the active DL BWP configuration. How a UE derives the PRS which the UE measures within a BWP based on the PRS bandwidth and the starting CRB index of a PRS resource should be also specified. 
The behaviour of the UE receiving PRS is similar to the behaviour of the UE receiving the CSI-RS in Rel-15. The bandwidth and starting CRB index of a PRS resource can be represented by parameters  and  respectively. And the reference point for  is CRB 0 on the common resource block grid. If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
Proposal 7: When measurement gap is not configured, UE should follow the behaviours below to derive the PRS UE measures within a BWP.
· If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
PRS repetition
In RAN1#98bis, it has been agreed that a DL PRS resource can be repeated multiple times and the time gap between two repeated instances of a DL PRS Resource can be configured by ‘DL-PRS-ResourceTimeGap’ which indicates the offset in units of slots. However, the units of slots may cause great limitations when configuring PRS resource repetition. There are several problems below:
1) When the number of DL PRS resources within a PRS resource set is set to 1, and the repetition factor is configured as N, the gNB may use at least N slots to transmit PRS resource with repetition. For PRS resource with a small number of symbols such as comb-2 or comb-4, it may lead to waste of resources since repeated PRS resources can be configured within a slot and it is no need to use N slots to transmit repeated PRS resources.
2) From the perspective of a UE, when the repetition factor of a PRS resource is configured as N, the UE has to wait at least N slots even when DL-PRS-ResourceTimeGap is configured to be 1 to perform PRS measurement and reporting. This is not good for the scenarios which require low latency. Furthermore, it would be difficult and consumes more power for the UE to process multiple repeated instances of a PRS resource when the gap is of multiple slots. In turn, this may adversely affect the positioning performance which is away from the motivation of PRS repetition. 
Therefore, we propose to additionally introduce a time offset in units of symbols to describe the ‘DL-PRS-ResourceTimeGap’ at symbol level. One simplest method is to introduce 1 bit information element to indicate whether the unit of ‘DL-PRS-ResourceTimeGap’ is ‘slot’ or ‘symbol’. In addition to solving the problems caused by slot level repetition above, this method also has no additional impact on existing conclusions such as PRS muting configuration. 
 If symbol level repetition is configured, the value of ‘DL-PRS-ResourceRepetitionFactor’ should be extended to {1, 2, 3, 4, 5, 6, 7, 8, 16, 32} at least to support the repetition within a slot. Correspondingly, the value of ‘DL-PRS-ResourceTimeGap’ should also be extended to {1, 2, 3, 4, 5, 6, 7, 8, 16, 32}.
Proposal 8: Support to introduce 1 bit information element to indicate whether the unit of ‘DL-PRS-ResourceTimeGap’ is ‘slot’ or ‘symbol’.
· The value of ‘DL-PRS-ResourceRepetitionFactor’ should be extended to {1, 2, 3, 4, 5, 6, 7, 8, 16, 32}.
· The value of ‘DL-PRS-ResourceTimeGap’ should also be extended to {1, 2, 3, 4, 5, 6, 7, 8, 16, 32}.
PRS muting
In NR, 2 options for DL PRS muting have been supported in RAN1#98bis. For option1, 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. However, there is no parameter defined for ‘consecutive instances’, so the UE may not know the number of consecutive instances corresponding to 1 bit in the muting bitmap. Therefore, we prefer to define a parameter to indicate the number of consecutive instance when option 1 is applied for muting.
Proposal 9: A parameter should be defined to indicate the number of consecutive instance when option 1 is applied for muting.
PRS timing related parameters
In LTE, the RSTD value that UE is expected to measure can be indicated by ‘expectedRSTD’ specified in [3]. The ‘expectedRSTD’ fields takes into account the expected propagation time difference as well as transmitting time difference of PRS positioning occasions between the reference cell and the other cell. If DL PRS can be configured with a QCL relation of ‘QCL-type C’ with other signals such as SSB from neighboring cells, the ‘expectedRSTD’ may be not mandatory needed which saves signalling and reduces complexity. In RAN1#98bis, SSB has been used as ‘QCL-type C’ source RS for DL PRS resource already. Based on the QCL information derived from SSB, the UE may use the timing of SSB as a reference to determine the PRS search window. In addition, we think PRS resource can also be configured ‘QCL-type C’ with CSI-RS for mobility from a neighboring cell. Compared to SSB, CSI-RS for mobility may have a maximum bandwidth of 264 PRBs which can lead to higher timing estimation accuracy. Furthermore, if PRS is QCLed with CSI-RS for mobility from a neighbouring cell and the associated SSB of CSI-RS for mobility is applied, UE may also reference the timing of the SSB to determine the PRS search window.  
Proposal 10: For neighbouring cells, DL PRS can be configured with a QCL relation of ‘QCL-type C’ with CSI-RS for mobility.
In LTE, an expected RSTD value together with uncertainty (search window) is provided to the UE which is specified in LPP [3] as below. 
	expectedRSTD						INTEGER (0..16383),
	expectedRSTD-Uncertainty			INTEGER (0..1023),
This field indicates the RSTD value that the target device is expected to measure between this cell and the assistance data reference cell. The expectedRSTD field takes into account the expected propagation time difference as well as transmission time difference of PRS positioning occasions between the two cells. The RSTD value can be negative and is calculated as (expectedRSTD-8192). The resolution is 3Ts, with Ts=1/(15000*2048) seconds. This field contains 14 bits information which represents the range of ±800us.  
In NR, the expectedRSTD field is also introduced. This field may not need so many bits as LTE since the transmission time differences of different TRPs are provided to UE. Therefore, the field in NR only takes into account the expected propagation time difference. Considering that the maximum offset between the transmitted PRS positioning occasions may be assumed to not exceed half a subframe when the EARFCN of the neighbour cell is the same as for the assistance data reference cell for OTDOA positioning in LTE, we can assume that the maximum propagation time difference should be not exceed 300us. In the case where the resolution is still 3Ts, we prefer to use 12 bits to indicate the expectedRSTD field in NR which can cover the range of ±200us and60km.  In addition, we think the value of expectedRSTD-uncertain can also be reused.
Proposal 11: For ‘expectedRSTD’ and ‘expectedRSTD-uncertain’, the following values are supported:
· The value of ‘expectedRSTD’ should be represented by 12 bits.
· The value of ‘expectedRSTD-uncertain’ should be represented by 10 bits.
Number of antenna ports for DL PRS
During the study item, the following agreement was reached on DL PRS design [2].
For NR DL PRS resource design:
NR DL PRS resource design with one antenna port is supported. The use of more than two antenna ports per NR DL PRS resource need not be supported. Whether to support two antenna ports is left to future specification work.
In RAN1#96bis meeting, there were proposals to support two antenna ports for DL PRS. The motivation stated is to support cross polarization antennas. However, we don’t think two-port DL PRS should be supported for the following reasons. First of all, the performance advantage of two-port DL PRS has not been demonstrated compared to single port DL PRS. The stated benefits of coherent receiving of DL PRS can be supported with multiple PRS transmission already without support of two-port PRS. On the other hand, significant amount of specification efforts and impacts are expected especially regarding how to support DL PRS beam sweeping etc.   
Proposal 12: Only one antenna port per DL PRS resource is supported.
PRS sequence
Considering the good performance and small impact on RAN1 specification, we propose to adopt the way of LTE PRS sequence initiation. Same as in LTE, the initial value of the PRS sequence should take the cell/TRP ID, CP type, slot/symbol number into account. Furthermore, in order to support beam sweeping /alignment of PRS, some information on beam such as beam ID or SSB index should be taken into account as well. During RAN1#96bis meeting, it was agreed that a DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP. Thus, beam information such as beam ID or SSB index can be explicitly contained in the initial value of PRS sequence or such information can be implicitly contained via DL PRS resource ID when initialize the sequence. In RAN1#98 meeting, it was agreed that   is a function of PRS sequence ID, slot index and symbol index. In addition to these three parameters, we propose that
[bookmark: Pro7]Proposal 13: The  value for DL PRS sequence generation is a function of the cell ID and CP type; in addition to PRS sequence ID, slot index and symbol index.
In RAN1#96bis meeting, it was also agreed that number of sequence IDs is at least 4096. Similar to NR CSI-RS, the sequence ID is regarded as scrambling ID to generate Gold sequence. The number of sequence IDs may be related to the number of PRS resources or resource sets. However, the number of PRS resources or PRS resource sets has not been discussed yet. So it is better to determine the number of sequence IDs after the number of PRS resources or resource sets is determined.
PRS multiplexing with existing reference signals and channels
During RAN1#96bis meeting, there were discussions on whether PRS multiplexing with existing reference signals and/or channels are allowed. Considering the flexible design of NR, we foresee few issues when most existing reference signals and/or channels are collided with PRS. However, SS/PBCH is one exception among the existing reference signals which requires some attention. 
In LTE, the PRS is not mapped to REs allocated to the core part of PBCH, PSS or SSS. Similarly, for NR, collisions between SSB and PRS should be avoided. This can be avoided by not mapping DL PRS to RBs where the SS/PBCH is transmitted.
Proposal 14:  DL PRS is not mapped to any RB that contains SS/PBCH.
Number of PRS resources/PRS resource sets
In LTE, the max number of frequency layers is 3 which is indicated by the IE OTDOA-NeighbourCellInfoList in LPP [3]. In NR, ‘frequency layer’ is renamed to ‘positioning frequency layer’, and a ‘positioning frequency layer’ is defined as a collection of DL PRS Resource Sets across one or more TRPs which have the same numerology, the same center frequency and the same point-A. Considering that at most 4 kinds of numerologies can be supported by PRS, 12 positioning frequency layers should be supported. In addition, the number of TRP per positioning frequency layer may be equal to 24 which is aligned with LTE. Furthermore, we also support up to 8 DL PRS resource sets per TRP and up to 64 DL PRS resources per PRS resource set. For the total number of DL PRS resources, we support the number equal to 256.
Proposal 15: UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to 256 total number of DL PRS resources within
· Up to 12 positioning frequency layers
· Up to 24 TRPs per positioning frequency layer
· Up to 8 DL PRS resource sets per TRP
· Up to 64 DL PRS resources per PRS resource set
Legacy reference signals for positioning
One of the objectives of the WID is to identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques. There were several candidate reference signals studied during the SI. For example, SSB and CSI-RS are two candidates. It has been concluded during the SI that the existing reference signals are not sufficient to meet the positioning performance requirements. 
Although the UE may utilize those signals for positioning when transmitted from the gNB(s) along with DL PRS, we think there’re several factors we need to consider on whether these reference signals can be used together with PRS.
First of all, the periodicity and bandwidth of Rel-15 NR reference signals such as SSB and CSI-RS are likely not the same as DL PRS. The reason is obvious as Rel-15 NR reference signals are not designed for positioning purpose at all. For example, the SSB only occupies the center bandwidth of the system bandwidth. Furthermore, the configuration and signaling of Rel-15 NR reference signals such as CSI-RS may not be suitable for positioning purpose. For instance, CSI-RS is configured specific to UE. Although multiple UEs can also share the same resource, the signaling is still UE-specific. This would cause large signaling overhead when configure or change CSI-RS patterns for positioning in a given area. Another issue needs to consider is how the UE measures all these Rel-15 NR reference signals together with PRS and generates the reports for positioning purpose. Given all the difference in terms of configuration (e.g., bandwidth, periodicity, patterns), it is not clear how it would be feasible for now. 
Conclusion
In this contribution, we discuss DL PRS design for positioning with the following observations and proposals:
Proposal 1: DL PRS Resource comb-N value is configurable from the set {2, 4, 6, 12}.
Proposal 2: Number of symbols for DL PRS Resource is configurable from the following set {2, 4, 6, 12}. 
Proposal 3: Relative RE offset can be configured by a table which includes at least one relative RE offset configuration for each comb size.
· Support configuration of relative RE offset in Table.2– Table.4.
Table.2 Configuration of relative RE offset for comb-4
	Configuration index 
	Configuration of relative RE offset 

	1
	{0,2,1,3}

	2
	{0,1,2,3}


Table.3 Configuration of relative RE offset for comb-6
	Configuration index 
	Configuration of relative RE offset 

	1
	{0,3,1,4,2,5}

	2
	{0,2,4,1,3,5}

	3
	{0,1,2,3,4,5}


Table.4 Configuration of relative RE offset for comb-12
	Configuration index 
	Configuration of relative RE offset 

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

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

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



Proposal 4: For NR positioning, the upper limit of starting PRB for PRS configuration should be 2169.
Proposal 5: Bandwidth is configured for each PRS resource set.
Proposal 6: An RRC signalling should be introduced for UE to request a measurement gap configuration when the UE is expected to measure the DL PRS resource outside the active DL BWP.
Proposal 7: When measurement gap is not configured, UE should follow the behaviours below to derive the PRS UE measures within a BWP.
· If  the UE shall assume that the initial CRB index of the PRS resource which can be measured within a BWP is , otherwise . If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwise. If , and if  , UE shall assume that the bandwidth of the PRS resource which can be measured within a BWP is ; otherwize .
Proposal 8: Support to introduce 1 bit information element to indicate whether the unit of ‘DL-PRS-ResourceTimeGap’ is ‘slot’ or ‘symbol’.
· The value of ‘DL-PRS-ResourceRepetitionFactor’ should be extended to {1, 2, 3, 4, 5, 6, 7, 8, 16, 32}.
· The value of ‘DL-PRS-ResourceTimeGap’ should also be extended to {1, 2, 3, 4, 5, 6, 7, 8, 16, 32}.
Proposal 9: A parameter should be defined to indicate the number of consecutive instance when option 1 is applied for muting.
[bookmark: _GoBack]Proposal 10: For neighbouring cells, DL PRS can be configured with a QCL relation of ‘QCL-type C’ with CSI-RS for mobility.
Proposal 11: For ‘expectedRSTD’ and ‘expectedRSTD-uncertain’, the following values are supported:
· The value of ‘expectedRSTD’ should be represented by 12 bits.
· The value of ‘expectedRSTD-uncertain’ should be represented by 10 bits.
Proposal 12: Only one antenna port per DL PRS resource is supported.
Proposal 13: The  value for DL PRS sequence generation is a function of the cell ID and CP type; in addition to PRS sequence ID, slot index and symbol index.
Proposal 14:  DL PRS is not mapped to any RB that contains SS/PBCH.
Proposal 15: UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to 256 total number of DL PRS resources within
· Up to 12 positioning frequency layers
· Up to 24 TRPs per positioning frequency layer
· Up to 8 DL PRS resource sets per TRP
· Up to 64 DL PRS resources per PRS resource set
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