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Introduction
At RAN4 #96-e, the discussion on gNB measurement accuracy requirements for the Rel-16 WID on NR positioning [1] was continued. A particular aspect of this work is the definition of link level simulation assumptions for agreed measurement types, i.e. gNB Rx-Tx time difference and SRS-RSRP. Input on link simulation assumptions for gNB Rx time has been provided to RAN4 #96-e in [2], which is captured in this contribution.
This contribution depicts initial link simulation assumptions for gNB Rx time and proposes them for approval. Further refinements are expected at RAN4 #97-e based on system simulation investigations [6].
Simulation Assumptions
[bookmark: _Hlk47565958]This section treats specific aspects for defining the scope of the link simulations and depicts the link simulation assumptions.
Measurement types
UL measurement types agreed for measurement accuracy requirements are gNB Rx-Tx time difference and SRS-RSRP. For deriving positioning SRS configurations as basis for specifying gNB accuracy requirements, link simulations for the main measurement type – gNB Rx-Tx time difference, and in particular for gNB Rx time – need to be carried out, whilst SRS-RSRP can be deprioritized for this task and accuracy requirements can then be defined for selected SRS configurations thereafter. This approach is also chosen in [2]. On the other hand, link simulations for RSTD and PRS-RSRP were based on the same assumptions [3]. Thus, link simulations for gNB Rx time together with SRS-RSRP are carried out for deriving positioning SRS configurations.
SRS Bandwidths 
For the defining link simulation assumptions, consideration on suitable SRS bandwidths is needed. This is done taking into account agreements for PRS-RSTD and PRS-RSRP link level simulations in [3] and for UE Rx-Tx time difference in [4].
Proposed SRS bandwidth configurations for FR1 are shown in Table 1 and for FR2 in Table 2. Note these are derived from the specified ones in TS 38.211, Table 6.4.1.4.3-1 as well as from Transmission bandwidth configurations specified for FR1 and FR2 in TS 38.101-1, Table 5.3.2-1 and 38.101-2, Table 5.3.2-1, respectively. Thus, link simulations for gNB Rx time are based on SRS bandwidths as listed in Table 1 and Table 2.  
	Carrier frequency
	SRS bandwidth / #RBs / SCS

	2 GHz
	5 MHz / 25 / 15 kHz

	2 GHz
	10 MHz / 52 / 15 kHz

	2 GHz
	20 MHz / 104 / 15 kHz

	2 GHz
	50 MHz / 264 / 15 kHz

	4 GHz
	20 MHz / 48 / 30 kHz

	4 GHz
	50 MHz / 132 / 30 kHz

	4 GHz
	100 MHz / 272 / 30 kHz


[bookmark: _Hlk47520874]Table 1: SRS bandwidths in FR1.
	Carrier frequency
	SRS bandwidth / #RBs / SCS

	40 GHz
	50 MHz / 32 / 120 kHz

	40 GHz
	100 MHz / 64 / 120 kHz

	40 GHz
	200 MHz / 132 / 120 kHz


Table 2: SRS bandwidths in FR2.
Separate CDFs for serving cell and neighbor cells
It is preferable to investigate a distinction of accuracy requirements into serving cell and neighbor cells. It is noted that for evaluation of accuracy requirements for UE Rx-Tx time difference, different SINR conditions for serving cell and neighbor cells are as well assumed: in the three cell scenario for the link-level simulations, for serving cell PRS Es/Iot = -3 dB has been defined, for stronger neighbor cell PRS Es/Iot = -6 dB and for the weaker neighbor cell PRS Es/Iot = -13 dB [3] in FR1. The same methodology should be applied for gNB Rx time. To investigate a distinction of accuracy requirements into serving cell and neighbor cells, separate CDFs for serving cell and neighbor cells are recorded in the link simulation.
SINR input levels 
Input for SINR (i.e. Ês/Iot) ratios should be obtained from system level simulations covering scenarios in the NR positioning study item [5], i.e. UMi and UMa for FR1, and UMi for FR2, similar as done for defining side conditions for RSTD and UE Rx-Tx time difference. SINR ratios for serving cell and neighbor cells need to be derived from system simulations for UMa and UMi scenarios as investigated in the NR positioning study item. On the other hand, as a starting point, the SINR ratio for neighbor cells can be based on requirements in TS 36.111, clause 7.2.
gNB Rx antenna configuration 
The LMU spec is based on single Rx antenna requirement. This is not a proper assumption for gNB, where Rx diversity is assumed, and Rx antenna arrays are deployed. Hence the gNB Rx antenna configuration should be based on 2 Rx antennas with uncorrelated antennas and equal gain. The SINR (i.e. Ês/Iot) ratios from system simulations are to be identified for each Rx antenna branch. SINR ratios for link simulations need to be derived from system simulations assuming 2 Rx antennas with uncorrelated antennas and equal gain.
Propagation channels
AWGN and TDL-A, TDL-B and TDL-C propagation channels, as defined for DL in [3] and [4], are assumed. As there is currently consideration for DL to remove TDL-C in FR1 for setting the measurement requirements, since raised to be challenging, the same proceeding should be applied for UL. Thus, propagation channels for gNB Rx time evaluation need to be aligned to evaluations for RSTD and UE Rx-Tx time difference, i.e. TDL-C in FR1 to be removed, if also removed for RSTD and UE Rx-Tx time difference evaluations. 
Number of SRS resources
The number of SRS resources is chosen to be 1. This is appropriate for FR1 as the UE uses one Tx beam pattern. For FR2, the UE may use different Tx beam patterns for transmitting to serving and neighbor TRPs. In this case several SRS resources need to be configured. The number of SRS resources needs to be defined for the case of FR2 with UE Tx beamforming to each of the involved TRP’s.
Compiled Link Simulation Assumptions
Table 3 lists the compiled link simulation assumptions. The scenarios are aligned to agreed settings for PRS-RSTD and PRS-RSRP link level simulations in [3] and for UE Rx-Tx time difference in [4].

	Parameter
	Value

	
	FR1
	FR2

	Cell layout
	· 2 cells at distinct locations: <cell 1, cell2>, where cell 1 is the serving cell.
· 1 UE in cell 1 transmits p-SRS, received by cell1 and by cell2. 

	Network synchronization
	· Synchronous with time shifts <0 (cell 1), 3 us (cell 2)>
· Asynchronous with time shifts: <0 (cell 1), 7 symbols (cell 2) > 

	Duplex modes
	FDD and TDD

	TDD specific parameters (TTD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
· TDDConf.2.1 (30 kHz)
	· TDDConf.3.1 (120 kHz)

	Load in SRS symbols

	· No other SRS transmissions from other UEs on the same subcarriers of the SRS symbols

	Data and CCH load in non-SRS symbols

	1) 0% RE utilization 
2) 50% RE utilization in time
3) 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 5 MHz, 10 MHz, 20 MHz, 50 MHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 20 MHz, 50 MHz, 100 MHz
· 30 kHz
· FDD, TDD
	· 40 GHz
· 50 MHz, 100 MHz, 200 MHz
· 120 kHz
· TDD

	Propagation conditions [TS 38.101-4]
	AWGN,  
TDL-A (30 ns delay spread, 5Hz), 
TDL-B (100 ns delay spread, 200Hz)
· Option 1: TDL-C (300 ns delay spread, 100 Hz)
· Option 2: no TDL-C
	AWGN,
TDL-C (60 ns delay spread, 300 Hz)

	SRS Ês/Iot [dB]
	For cell 1: TBD (derived from system simulation)
For cell 2: 
TBD (derived from system simulation) 

-16.9 dB (starting point for cell 2)
	For cell 1: TBD (derived from system simulation)
For cell 2: 
TBD (derived from system simulation) 
-16.9 dB (starting point for cell 2)


	Number of gNB receive antennas
	2 rx (uncorrelated with equal gain, no rx beamforming) 

	gNB measurement bandwidth
	Full carrier bandwidth

	TA 
	Constant 

	Number of transmit SRS antennas
	1

	Number of SRS Resource sets 
	1 

	Number of SRS resources within one SRS resource set
	1
	1, TBD

	SRS transmission bandwidth (in PRBs)

	· 15 kHz: 
· 25 (5MHz), 52 (10MHz), 104 (20MHz), 264 (50MHz)
· 30 kHz: 
· 48 (20MHz),132 (50MHz), 272 (100MHz)
	· 120 kHz:
· 32(50MHz), 64(100MHz), 
	132 (200MHz)

	SRS comb size
	comb-2, comb-4, comb-8

	Number of symbols
	 for comb-2,  for comb-4,  and   for comb-8

	SRS repetition factor
	[bookmark: _Hlk49368084]1 (TS 38.211, clause 6.4.1.4.3)

	SRS periodicity
	40 ms, 160 ms

	Sequence or group hopping
	Disabled

	
Starting symbol ()
	 for comb-2,  for comb-4,  for comb-8


Table 3: General parameters and SRS for Positioning transmission configuration parameters
Performance Characteristics
At least the following performance characteristics are to be provided for TgNB-RX:
· TgNB-RX error CDFs for each cell
· 90%-ile of the TgNB-RX errors for each cell
In the above, 
· TgNB-RX error = abs(estimated TgNB-RX – ideal TgNB-RX ) (based on perfect channel and UE location knowledge).
At least the following performance characteristics are to be provided for SRS-RSRP:
· RSRP error CDFs for each cell
· 90%-ile of the RSRP errors for each cell
In the above, 
· SRS-RSRP error = estimated SRS-RSRP – ideal SRS-RSRP (based on perfect channel knowledge).
[bookmark: _GoBack]It is noted link simulation assumptions in Table 3 and performance characteristics above may also be used for RTOA, in case RAN4 agrees to define accuracy requirements for RTOA.
Conclusion
This contribution depicts initial assumptions for carrying out link simulations for gNB Rx time in order to derive positioning SRS configurations which are used to identify measurement accuracy requirements for gNB Rx-Tx time difference and SRS-RSRP. It is proposed to approve the simulation assumptions in section 2.8. 
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