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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following agreements were made in RAN1#99 [1].
Agreement:
For DL PRS sequence initialization cinit is defined as follows:
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· where the parameter a = 2^22 and n_id has a range of 0~4095

Agreement:
All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of DL PRS Bandwidth and Start PRB

Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols
· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)
Agreement:
· Configured DL PRS are transmitted on DL symbols of a slot configured by higher layers
· Configured DL PRS are transmitted on symbols of slot configured as flexible symbols by higher layers
· If the UE is not provided with a measurement gap, the UE is not expected to process DL PRS Resources on serving or neighboring cells on symbols indicated as UL by the serving cell
Agreement:
UE can be configured with any of the following combinations of DL PRS muting options from the prior agreement
· Option 1 only
· Option 2 only
· Option 1 and Option 2 
· If both options are configured, the logical AND operation is applied, i.e. for each bit from the Option 1 bitmap, the logical AND is applied to all bits of Option 2 bitmap
Conclusion:
The parameter DL-PRS-ResourceType is not introduced in Rel-16

Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability

Agreement:
· Configuration of 12 symbols for DL PRS Resource is supported. 
· Configuration of CombSize-12 for DL PRS Resource is supported
· At most one pattern is to be supported for each agreed pair of number of symbols and combSize
· The following relative RE offsets are supported for different combinations of number of symbols and combSize for DL PRS Resource:
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	Working assumption: {0,6,3,9,1,7,4,10,2,8,5,11}



Agreement:
· All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of combSize. 
· Parent IE for DL PRS combSize is up to RAN2
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
Agreement:
· UE assumes constant EPRE for all REs of a given DL PRS Resource
· DL PRS Resource TX power value range is the same as for SSB
In this contribution, we discuss the remaining issues for NR DL positioning.
NR DL PRS design
DL PRS pattern
The relative RE offsets were agreed for Comb-2, Comb-4 and Com-6 in the last meeting. The agreed pattern is uniform pattern. For Comn-12, the same pattern should be applied to have a consistent design. Therefore the working assumption should be confirmed. 
Proposal 1: Confirm the following working assumption. 
· The following relative RE offsets are supported for different combinations of number of symbols and combSize for DL PRS Resource:
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	Working assumption: {0,6,3,9,1,7,4,10,2,8,5,11}



In addition, considering the bandwidth of some IoT devices is limited, the density of PRS should be increased to meet the accuracy requirement. In this regard, the pattern in Fig. 2 should also be supported.
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Fig. 2 Comb-3 PRS
Proposal 2: Comb-3 should also be supported for new NR PRS and PRS should be deployed in every subcarrier.
DL PRS muting
The current muting is only in time domain. However, in NR, the system bandwidth can be up to 400MHz. When time domain muting happens, the entire bandwidth needs to be muted and it is a waste of resources. In such a case, we should also consider frequency domain muting in addition to time domain muting.
Proposal 3: Frequency domain muting should also be supported.
DL PRS with multiple SCS
In RAN1 #97, it was agreed that 5G-NR numerology needs further study in relation to DL-PRS resource configuration. As part of the numerology, 5G-NR supports different sub-carrier spacing (SCS) in both FR1 and FR2. This can lead to different bandwidth parts (BWP) in the same cell having different SCS as well as neighbour cells having different SCS. For a UE connected to a certain cell and/or a certain BWP, this scenario can dictate that the neighbour cells/neighbour cell BWP it would need to hear may be configured with a different SCS, as given by 2µx15 kHz, with µ={-3, -2, -1, 1, 2, 3}. The sampling clock rate will determine the accuracy of the ToA multilateration based positioning techniques. 
In some applications, the time taken to complete the positioning and the energy consumed in the process will be critical. In these cases for the higher SCS (faster sampling clock) UE, the full PRS patterns needs to be available within its own slot time from all the neighbour cells. With the different comb-N patterns suggested for adaptation so far, we would propose that the lower SCS cell should adapt a 2µ times denser pattern (in time density), on request from the higher SCS cell. For example, if a cell employs 30 kHz SCS and a comb-N PRS pattern, and then a group of UE’s in this cell request a time critical or low energy consuming PRS measurement from a neighbour cell or neighbour BWP with 15 kHz SCS, it should be possible to configure the neighbour cell PRS in a comb-N/2 pattern.
Proposal 4: When neighbour cells or BWPs employ different SCS and some of the UEs require time or energy critical PRS measurements from this cell or BWP, the lower SCS cell should be able to configure the PRS as a comb-N/µ pattern, where µ is the ratio between higher and lower SCS employed by the two respective cells/ BWPs.
Conclusions 
In this contribution, we discussed the DL reference signals design for NR positioning. Our proposals are summarized below.
Proposal 1: Confirm the following working assumption. 
· The following relative RE offsets are supported for different combinations of number of symbols and combSize for DL PRS Resource:
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	Working assumption: {0,6,3,9,1,7,4,10,2,8,5,11}



Proposal 2: Comb-3 should also be supported for new NR PRS and PRS should be deployed in every subcarrier.
Proposal 3: Frequency domain muting should also be supported.
Proposal 4: When neighbour cells or BWPs employ different SCS and some of the UEs require time or energy critical PRS measurements from this cell or BWP, the lower SCS cell should be able to configure the PRS as a comb-N/µ pattern, where µ is the ratio between higher and lower SCS employed by the two respective cells/ BWPs.
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