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Introduction
In RAN1#94bis, the agreements were made on the simulation evaluation scenarios and parameters, including the parameters common for all evaluation scenarios, the parameters for indoor office evaluation scenarios, the parameters for UMi street canyon evaluation scenarios, and UMa evaluation scenarios, etc [1].
[bookmark: _Toc506923672]In this contribution, we discuss additional simulation assumptions for supporting NR downlink Positioning (e.g., OTDOA) and uplink Positioning (e.g., UTDOA) in addition to the agreements made in RAN1#94bis. 
Additional simulation assumptions for DL positioning
In principle, any NR downlink reference signals (e.g., PSS, SSS, CSI-RS, etc.) can be used to obtain the RSTD measurements for supporting NR downlink positioning, e.g., OTDOA. However, these DL reference signals are designed and implemented with the main purpose of supporting data communication. The DL reference signals from the neighboring cells are in general too weak to be detected, especially when UE is not located in cell edges, which prevents the UE from detecting the DL reference signals from enough number of neighboring cells for supporting OTDOA. Thus, for LTE DL positioning, 3GPP has specially defined positioning reference signals for supporting LTE OTDOA. 
NR PRS is yet to be defined. In this section, we present our views on defining the baseline downlink PRS for the evaluation of the NR DL positioning (e.g., OTDOA). Our proposal is based on the consideration of the properties of LTE PRS, NR CSI-RS and NR PSS/SSS.
· PRS Sequence Generation
LTE PRS sequence is generated based on length-31 Gold sequence. Similarly, NR CSI-RS sequence is also generated based on length-31 Gold sequence.  In our view, using the length-31 Gold sequence for PRS sequence is not an optimal design based on the consideration that the total length of the pseudorandom sequence created by length-31 Gold is , which is in general much longer than the length of the PRS sequence used for supporting DL positioning. Given that each PRS sequence takes only a small portion of the Gold sequence, the cross-correlation property of the PRS could be much worse or even worse than the cross-correlation property the whole Gold sequence of length of , depending on which portion of the Gold sequence is used for the PRS. Nevertheless, we still suggest using the length-31 Gold sequence for baseline PRS sequence, because both LTE PRS and NR CSI-RS use it.

[bookmark: _Toc528648432]Proposal 1: Adopt length-31 Gold sequence as the baseline sequence as NR PRS.

· PRS Transmission Pattern in a slot
LTE has defined special PRS transmission pattern in a subframe, which is designed based on the consideration of LTE physical layer frame structure and DL channels, e.g., avoiding PDCCH symbols and CRS REs. For NR, we expect a different PRS transmission pattern will be adopted based on the NR physical layer frame structure and DL channels and reference signals. Nevertheless, we could still use LTE PRS transmission pattern or modified LTE PRS transmission pattern as the baseline PRS transmission pattern in a slot as discussed in our companion paper [3], given that LTE PRS transmission pattern has been used since LTE Rel-9 and new NR PRS transmission pattern has not defined yet.

[bookmark: _Toc528648433]Proposal 2: Adopt LTE PRS transmission pattern, or modified LTE PRS transmission pattern as discussed in [3] as the baseline transmission pattern for NR PRS.



· PRS Beam Sweeping Pattern
Unlike LTE, it is a common understanding that NR PRS will support PRS beam sweeping, especially for FR2. In NR, there can be maximum L=4 candidate SS/PBCH blocks in an SSB burst set for sub-3 GHz, L=8 SSBs for sub-6GHz and L=64 SSBs, each SSB represents an SSB beam transmission. Therefore, we may expect a similar number, if not more, PRS beams will be supported in the corresponding carrier frequency range. How to consider PRS beam seeping pattern needs to be defined in simulation assumption. One approach is to define one PRS beam sweeping pattern for all cells, and assume the UE detects the PRSs from the cells with the known information of the PRS beam sweeping patterns. A simpler method e is to assume the PRS beams are transmitted in fixed beam directions, and the UE will always be able to start the detection of the corresponding PRS beams. The former may make the simulation more complicated, while the latter may not match precisely the situation in real system deployments, especially the inter-cell interference of the PRS signals. 
[bookmark: _Toc528648434]Proposal 3: Whether and how to consider the PRS beam sweeping pattern should be discussed and defined in simulation assumptions. 

· PRS duration (the number of consecutive PRS slots) in one occasion
In addition to the PRS transmission bandwidth, which is already somehow considered in defining the simulation scenarios in last meeting, the PRS transmission duration (e.g., the number of PRS slots) for each positioning occasion (the time used for obtaining the RSTD measurements for a positioning fix)  in time-domain also has the direct impact on the RSTD measurement performance. In order to make the performance comparison of different positioning approach easier, we may also want to define the lengths of the PRS duration as the baseline parameters. The PRS durations can be different for different PRS bandwidths considered in the simulation assumptions.

[bookmark: _Toc528648435]Proposal 4: Consider to define the PRS durations as baseline simulation parameters, which may be PRS bandwidths dependent. 
· Number of PRS antenna ports
In LTE, single antenna port is adopted in LTE PRS, although CRS can be transmitted in multiple antenna ports. For NR, we suggest adopting single antenna port for NR PRS as the baseline parameters (Note: One who believes using multiple antenna ports for the transmission of the NR PRS could improve the positioning performance may certainly bring the results with multiple antenna ports for NR PRS.)
[bookmark: _Toc528648436]Proposal 5: Consider using a single antenna port for PRS transmission as the baseline simulation parameter. 
· PRS transmission periodicity
In our view, the PRS transmission periodicity can be set to a reasonable number (such as 80ms or 160ms) to avoid spending too much time in running the simulation. 
[bookmark: _Toc528648437]Proposal 6: PRS transmission periodicity can be set to a reasonable number, such as [80]ms to avoid spending too much time in running the simulation.
· Cell Planning
In the simulation, we may assume the adequate cell planning is used, which minimizes the overlapping of the PRS transmission between the neighboring cells.
[bookmark: _Toc528648438]Proposal 7: Cell Planning is assumed in the simulation, which minimizes the overlapping of the PRS transmission between the neighboring cells.
· PRS Power Boosting
For simplicity, we suggest PRS is transmitted with the maximum BS transmission power evenly distributed in all PRS REs in a PRS symbol.

[bookmark: _Toc528648439]Proposal 8: PRS is transmitted with the maximum BS transmission power evenly distributed in all PRS REs in a PRS symbol. There is no transmission of other DL channels, except the PRS, in PRS OFDM symbols.
· PRS muting
Given that NR PRS and NR PRS muting pattern is not defined yet, we suggest not defining the PRS muting for the baseline simulation assumption. It can be an optional parameter for companies who promote the particular PRS muting patterns.
[bookmark: _Toc528648440]Proposal 9: PRS muting can be an optional parameter for the simulation. There is no need to include it the baseline simulation parameter.
· Other parameters
Other simulation parameters, including the Duplex Modes, Cyclic Prefix, DRX mode, Number of UE receive antennas, PRS transmission and measurement bandwidth, RSTD report quantization, etc. may also need to be defined in baseline simulation assumption. Our recommendation on these parameters is presented in Table 1. 
Table 1: Simulation assumptions for NR DL Positioning
	Parameter 
	Description

	PRS Sequence Generation
	NR PRS sequences are generated the same way as NR CSI-RS with the length-31 Gold sequence.

Note: Other approaches for NR PRS sequences are not precluded.

	PRS Transmission Pattern in a slot
	Adopt LTE PRS transmission pattern or modified LTE PRS transmission pattern as discussed in [3] as the baseline transmission pattern for NR PRS.

Note: The number of PRS REs per PRS RB is fixed to 2 in LTE PRS mapping pattern. For NR OTDOA simulation, other numbers of PRS REs per PRS RB is not precluded.

	PRS Beam Sweeping Pattern
	Whether and how to consider the PRS beam sweeping pattern should be discussed and defined in simulation assumptions, e.g., the transmission pattern of NR SSB defined for the corresponding subcarrier spacing is used.


	Number of consecutive PRS slots in one occasion
	Consider defining the PRS durations as baseline simulation parameters, which may be PRS bandwidths dependent, e.g., 1 slot (e.g., for bandwidth > 5 MHz) and 6 slots (e.g., for bandwidth = 5MHz) 

	Number of PRS antenna ports
	1 port (baseline)
2 ports (optional)

Notes: 
· LTE PRS is transmitted on a single antenna port only. NR PSS/SSS/PBCH DM-RS are also transmitted with a single antenna port


	PRS Transmission Periodicity
	[80 or 160]ms

	Cell Planning 
	Allow PCI planning for macro and small cells, which minimizes the overlapping of the PRS transmission between the neighboring cells.

	PRS Power Boosting
	PRS is transmitted with the maximum BS transmission power evenly distributed in all PRS REs in a PRS symbol. 


	PRS muting 
	(Optional) If PRS muting pattern is used, it should be indicated.


	Duplex Modes
	FDD

	Cyclic Prefix
	Normal

	DRX
	OFF

	Number of UE receive antennas
	2

	PRS transmission and measurement bandwidth
	Full system bandwidth

	PDSCH transmission
	There is no transmission of other DL channels, except the PRS, in PRS OFDM symbols.


	RSTD report quantization
	Not specified (e.g., no need to follow RSTD report quantization requirement defined for LTE).




Additional simulation assumptions for UL positioning
In LTE, SRS is used for supporting UL positioning. NR SRS is already defined in TS 38.211 for Rel-15, which is basically the enhanced version of LTE SRS, with more flexible SRS configurations, such as more number of SRS OFDM symbols. Thus, for NR UL positioning, we would support using NR SRS as the baseline reference signals for UL positioning. 
[bookmark: _Toc528648441]Proposal 10: Adopt NR SRS as the baseline reference signal for UL positioning.
In the following, we present our views on the baseline parameters for the evaluation of the NR UL positioning (e.g., UTDOA). 
· SRS resource in the frequency domain
The UL positioning performance is related directly to the frequency resource allocated to the transmission of the SRS. The number of RBs allocated to the SRS may depend on the carrier bandwidth. For FR1, we suggest using 48RBs as used for LTE UTDOA simulation similar to the LTE UTDOA simulation. For FR2, we may consider allocating more SRS resource in frequency domain given that the UL bandwidth is much larger than the DL bandwidth in simulation assumption agreed in the last meeting. 
[bookmark: _Toc528648442]Proposal 11: For NR UL positioning, the transmission bandwidth for NR SRS can be [48]RBs for FR1 and [n*48]RBs for FR2, e.g., n=5.
· SRS resource in the time domain
The UL positioning performance is also related directly to the time resource allocated to the transmission of the SRS. For LTE, SRS is transmitted only in 1 OFDM symbol in a subframe.  while for NR SRS can be transmitted in {1, 2, 4} OFDM symbols. For better comparison, we suggest the similar amount SRS resource in the time domain is allocated for NR UTDOA simulation as LTE UTDOA simulation as defined in Table 5.1.3-1 in TR 37.857.
[bookmark: _Toc528648443]Proposal 12: For NR UL positioning, the similar amount SRS resource in the time domain is allocated for NR UTDOA simulation as LTE UTDOA simulation as defined in Table 5.1.3-1 in TR 37.857.
· SRS Power Control 
The transmission power of the SRS has direct impact on the UTDOA performance.  In NR, the UE determines the SRS transmission power [image: ] in SRS transmission occasion  as ([Ref. TS 38.123])
[image: ] [dBm]
Where is the configured UE transmit power,  is provided by higher layer parameter p0,  is an SRS bandwidth, is provided by higher layer parameter alpha, [image: ]is a downlink pathloss estimate in dB, and  is related to additthe ional power adjustment term. 
We suggest having a further discussion on whether and how to consider the SRS power control in UTDOA simulation, including the settings of the power control parameters, e.g., the values of p0, alpha, etc.
[bookmark: _Toc528648444]Proposal 13: For NR UL positioning, have a further discussion on SRS power control parameters.
· groupOrSequenceHopping
For simplicity, we suggest using neither Group Hopping nor Sequence Hopping for baseline simulation. Enabling either Group Hopping or Sequence Hopping can be optional.

[bookmark: _Toc528648445]Proposal 14:  Neither Group Hopping nor Sequence Hopping is enabled for UL positioning.
· Frequency Hopping
For simplicity, we suggest disabling frequency hopping for baseline simulation. Enabling frequency hopping can be optional.

[bookmark: _Toc528648446]Proposal 15:  Frequency Hopping is disenabled for UL positioning.
· UL Loading and Interference
UL loading and interference level will have direct impact on the UL positioning performance as well. UL loading and interference level depends on the distribution of the UEs, the UL traffic loading, the coordination of the SRS transmission of the cells etc. These issues will also need to be considered when defining the simulation assumptions. 

[bookmark: _Toc528648447]Proposal 16:  UL traffic loading condition and interference should also be considered in the simulation assumptions for UL positioning.

Table 2:  Simulation assumptions for UL positioning based on SRS
	Parameter 
	Description

	
	FR1
	FR2

	Number of SRS RBs
	48RBs (288 sequence length)
	N*48 RBs (N*288 sequence length); N=[5]

	SRS transmission periodicity
	10 slots

	10 slots

	Number of SRS transmission per UL-RTOA measurements
	100
	25

	Number of SRS OFDM symbols per SRS transmission
	1
	4

	Group Or Sequence Hopping
	Neither
	Neither

	Frequency Hopping
	No
	No

	SRS power control
	FFS
	FFS

	UL loading and interference 
	FFS
	FFS

	UL RTOA Quantization error 

	Not defined (e.g., no need to follow UL RTOA report quantization requirement defined for LTE).
	Not defined (e.g., no need to follow UL RTOA report quantization requirement defined for LTE).



Summary
In this contribution, we discuss the simulation assumptions for NR DL Positioning (e.g., OTDOA) and UL Positioning (e.g., UTDOA) in addition to the agreements of the general simulation assumptions and the positioning evaluation scenarios [2]. The proposed simulation assumptions are summarized in Table 1 and Table 2 in this contribution.
Proposal 1: Adopt length-31 Gold sequence as the baseline sequence as NR PRS.
Proposal 2: Adopt LTE PRS transmission pattern, or modified LTE PRS transmission pattern as discussed in [3] as the baseline transmission pattern for NR PRS.
Proposal 3: Whether and how to consider the PRS beam sweeping pattern should be discussed and defined in simulation assumptions.
Proposal 4: Consider to define the PRS durations as baseline simulation parameters, which may be PRS bandwidths dependent.
Proposal 5: Consider using a single antenna port for PRS transmission as the baseline simulation parameter.
Proposal 6: PRS transmission periodicity can be set to a reasonable number, such as [80]ms to avoid spending too much time running the simulation.
Proposal 7: Cell Planning is assumed in the simulation, which minimizes the overlapping of the PRS transmission between the neighboring cells.
Proposal 8: PRS is transmitted with the maximum BS transmission power evenly distributed in all PRS REs in a PRS symbol. There is no transmission of other DL channels, except the PRS, in PRS OFDM symbols.
Proposal 9: PRS muting can be an optional parameter for the simulation. There is no need to include it the baseline simulation parameter.
Proposal 10: Adopt NR SRS as the baseline reference signal for UL positioning.
[bookmark: _GoBack]Proposal 11: For NR UL positioning, the transmission bandwidth for NR SRS can be [48]RBs for FR1 and [n*48]RBs for FR2, e.g., n=[5].
Proposal 12: For NR UL positioning, the similar amount SRS resource in the time domain is allocated for NR UTDOA simulation as LTE UTDOA simulation as defined in Table 5.1.3-1 in TR 37.857.
Proposal 13: For NR UL positioning, have a further discussion on SRS power control parameters.
Proposal 14:  Neither Group Hopping nor Sequence Hopping is enabled for UL positioning.
Proposal 15:  Frequency Hopping is disenabled for UL positioning.
Proposal 16:  UL traffic loading condition and interference should also be considered in the simulation assumptions for UL positioning.
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