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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The agreement achieved in previous is listed below,
	Agreement:
The following parameters describing a DL PRS Resource are defined:
· Bandwidth of DL PRS Resource 
· FFS granularity of bandwidth configuration which is to be down-selected at the next meeting among the following options:
· Option 1. One PRB
· Option 2. Four PRBs
· Option 3. RBG granularity
· Option 4. One of values configurable from the set 24, 48, 96 192, 264 PRBs
· Option 5: Option 2, 3 or 4 combined with a possibility to blank PRBs at the band edges
· Option 6: Option 2, 3 or 4 combined with the maximum PRBs per carrier bandwidth
· Start PRB of DL PRS Resource is defined relative to Point A
· A single Point A for DL PRS resource allocation is provided per frequency layer. 
· UE can be configured with one or multiple frequency layers
· FFS amount of frequency layers for NR Positioning supported by UE, which is up to UE capability
· All DL PRS Resources belonging to the same DL PRS Resource Set have common Point A
· FFS whether additional constraints such as start PRB and center frequency of the bandwidth for the PRS resources are the same within a frequency layer. Resolve FFS at the next meeting.

Agreement:
· Periodicity of DL PRS allocation is configured per DL PRS Resource Set
· i.e. all DL PRS Resources of a given set have the same periodicity
· Multiple DL PRS Resource Sets can be configured per TRP
· FFS how many DL PRS Resources Sets can be configured per TRP
· 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

Agreement:
A single SCS and CP type are configured for  
· Alt. 1: A DL PRS resource set
· Alt. 2: A frequency layer

Agreement:
  is a function of PRS sequence ID, slot index and symbol index
· FFS: Other parameters and initialization details until RAN1#98bis 

Agreement:
· The RE pattern of a DL PRS resource is configured with an RE Offset in frequency domain for the first symbol in an DL PRS resource
· The relative RE offsets of following symbols are defined relative to the RE Offset in frequency domain of the first symbol in the DL PRS resource
· 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




In this contribution, we provide our view for the remaining issues.

2 DL RS structure
2a Staggering pattern across symbols
Fig. 2a-1 shows the example of a staggering pattern which aims to reduce the false peak number significantly within the first few symbols. It can be seen that, the occupied subcarriers in the first two symbols are equally spaced with the spacing reduced to Sf/2, where Sf denotes the comb number. The RS with equal spacing is the key to reduce the false peak number.

Mathematically, this staggering structure can be expressed as
· 
Where Sf is the comb number, vshift is the common RE offset and l is the symbol index.
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TABLE 2a-1: relative RE offset from proposed equation (vshift = 0)
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Fig. 2a-1: frequency shift pattern (the occupied subcarriers in the first two symbols are equally spaced with the spacing reduced to half of the original spacing)  (comb-6  comb-3 in this figure)



Proposal 2a-1: The proposed staggering structure can be mathematically written as
· 
Where Sf is the comb number, vshift is the common RE offset and l is the symbol index


2b PRS symbol number and comb number
The currently agreed symbol number and comb number for downlink PRS are {2, 4, 6} and {2, 4, 6}. There are FFS on other values for further discussion.

We want to point out that, the LTE PRS, when without considering the symbols for CRS transmission, is transmitted in 8 symbols in a subframe. The maximum symbol number so far in the agreement is 6. This means, the NR downlink positioning performance could be worse than LTE because the number of symbols for transmission is related to the improvement of received SINR after processing.

The symbol number 8 and 12 should also be supported so that for comb-4 and comb-6 transmission, the UE can perform time domain interpolation on all the symbols for the fully staggering pattern.

One potential advantage for the comb-12 structure is to provide better interference avoidance by interleaved FDM (IFDM) manner of allowing 12 orthogonal transmissions. However, interference avoidance can be realized by multiple ways, for example by TDM transmission, by proper beamforming and by existing muting mechanism. 

The disadvantage due to the advantage of allowing 12 orthogonal transmissions is the limited RX processing gain. Hence, comb-12 is not preferred. Instead, comb-8 structure could be a better solution if we inspect altogether these factors of interference avoidance, attainable power boosting level and RX processing gain. Remember that comb-8 structure has been agreed for uplink PRS transmission. 

The cyclic shift operation can also be considered among several TPs by using same seed for scrambling. The small area deployment which results in small propagation delay could be the use case.

Proposal 2b-1: The symbol number 8 and 12 should also be supported so that for comb-4 and comb-6 transmission, the UE can perform time domain interpolation on all the symbols for the fully staggering pattern

Proposal 2b-2: Comb-12 is not considered due to the limited RX processing gain

Proposal 2b-3: Comb-8 can be considered if we inspect altogether these factors of interference avoidance, attainable power boosting level and RX processing gain

Proposal 2b-4: The cyclic shift operation can also be considered among several TPs by using same seed for scrambling. The small area deployment which results in small propagation delay could be the use case


2c PRS transmission bandwidth
The small granularity for PRS transmission bandwidth may not provide any significance. The estimation accuracy (resolution) is strongly related to the transmission bandwidth. Therefore any slight increase on the transmission bandwidth is questionable on how accuracy can be improved.

We prefer option 4: One of values configurable from the set 24, 48, 96 192, 264 PRBs

Proposal 2c-1: For PRS bandwidth, select one of values configurable from the set {24, 48, 96 192, 264} PRBs

3 [bookmark: _GoBack]Sequences
The Gold sequence with QPSK modulation are agreed as PRS sequence. The key issue is how to determine the initial seed generation.

There are two alternatives,
· PRS generates its own sequence without sharing with other type of RS
· PRS and other type of RS can share the sequence

We prefer the sequence sharing between PRS and CSI-RS in order to reduce system overhead. This means, PRS can use the resource (scrambling) IDs of CSI-RS.

The LTE PRS supports 4096 resource IDs. To achieve same capacity as LTE, the NR PRS should extend from the existing 1024 IDs for CSI-RS. Then the CSI-RS seed generation equation can be modified to support 4096 IDs and in the meantime the modified equation should be backward compatible to the existing equation for CSI-RS seed generation.

The CSI-RS seed generation equation is shown in below,
[image: ]
To extend this equation to support ID number more than 1024, modification is needed. We propose the modified equation as,
[image: ]

The differences between the modification equation and the original one have two. It is seen that,
· nid in original equation is modified as nid % 1024
· An offset term is introduced, which is 

The offset term is needed to avoid overlapping between the original ID range (0~1023) and the extended range up to 4095. The parameter a in the offset term can be derived through simulation to check whether there is overlapping. a = 229 is feasible from our evaluation.


Proposal 3-1: We consider the sequence sharing between PRS and CSI-RS in order to reduce system overhead. This means, PRS can use the resource (scrambling) IDs of CSI-RS

Proposal 3-2: The CSI-RS seed generation equation can be modified to support 4096 IDs and in the meantime the modified equation should be backward compatible to the existing equation for CSI-RS seed generation

Proposal 3-3: The modification equation for supporting 4096 IDs can be expressed as
[image: ]
  Where the parameter a = 229 is feasible from our evaluation

4 Conclusion
Based on the above, we have,

Proposal 2a-1: The proposed staggering structure can be mathematically written as
· 
Where Sf is the comb number, vshift is the common RE offset and l is the symbol index
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TABLE: relative RE offset from proposed equation (vshift = 0)

Proposal 2b-1: The symbol number 8 and 12 should also be supported so that for comb-4 and comb-6 transmission, the UE can perform time domain interpolation on all the symbols for the fully staggering pattern

Proposal 2b-2: Comb-12 is not considered due to the limited RX processing gain

Proposal 2b-3: Comb-8 can be considered if we inspect altogether these factors of interference avoidance, attainable power boosting level and RX processing gain

Proposal 2b-4: The cyclic shift operation can also be considered among several TPs by using same seed for scrambling. The small area deployment which results in small propagation delay could be the use case

Proposal 2c-1: For PRS bandwidth, select one of values configurable from the set {24, 48, 96 192, 264} PRBs

Proposal 3-1: We consider the sequence sharing between PRS and CSI-RS in order to reduce system overhead. This means, PRS can use the resource (scrambling) IDs of CSI-RS

Proposal 3-2: The CSI-RS seed generation equation can be modified to support 4096 IDs and in the meantime the modified equation should be backward compatible to the existing equation for CSI-RS seed generation

Proposal 3-3: The modification equation for supporting 4096 IDs can be expressed as
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  Where the parameter a = 229 is feasible from our evaluation
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