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Introduction
At RAN4 #94-e, the discussion on gNB measurement accuracy requirements for the Rel-16 WID on NR positioning [1] was continued and the next steps identified as depicted in the WF on NR Positioning for gNB [2]: 
	Agreements
gNB measurements for accuracy requirements
· RAN4 shall define accuracy requirements for the following gNB positioning measurements:
· gNB Rx-Tx timing difference
· SRS-RSRP
· FFS whether to define accuracy requirements for:
· “UL RTOA” and/or “AoA / ZoA” measurements. 
· Companies are encouraged to bring analysis in the next RAN4 meeting.
Optionality of gNB accuracy requirements
· gNB positioning measurement accuracy requirements are optional:
· FFS whether accuracy requirement for a positioning measurement supported by a gNB is also optional. 
Scenarios for gNB accuracy requirements
· Following conditions and scenarios for gNB accuracies are FFS until next RAN4 meeting
· Side conditions e.g. SNR:
· Option 1: based on only serving cell and corresponding SNR level
· Option 2: based on only neighbor cell (e.g. SNR lower than in serving cell) and corresponding SNR level
· Common vs specific side conditions e.g. SNR:
· Option 1: same side conditions for different type of gNB measurements
· Option 2: side conditions specific to each gNB measurement
· Antenna configuration:
· Option 1: fixed antenna beams
· Option 2: other options not precluded
· RS pattern:
· SRS configuration: FFS
· PRS configuration: FFS
· BS type: 1-C, 1-H, 1-O, 2-O
· Option 1: accuracy depends on BS type
· Option 2: other options not precluded


This contribution discusses remaining open issues in the above three topic areas shown to be FFS.
Discussion
The discussion in this section refers to FFS aspects in the three topic areas listed in section 1.
gNB measurements for accuracy requirements
RAN4 has agreed at RAN4 #94-e to introduce accuracy requirements for gNB Rx-Tx time difference and for SRS-RSRP. Companies were encouraged to study the feasibility of introducing accuracy requirements also for UL RTOA and/or AoA / ZoA measurements.
UL RTOA
UL RTOA measurement has been specified for the UL TDOA positioning method by RAN1. Although the measurement is defined in TS 38.215 in a similar way as the gNB Rx-Tx time difference and thus can be made identical as depicted in [3], there is a difference in applying the measurement in the positioning method, as for UL TDOA no downlink measurement will be used in addition, i.e. no RTT is evaluated, but merely differential UL measurements. Thus, the RTOA measurement acquisition and processing will be different to that for gNB Rx-Tx time difference and is considered rather gNB implementation dependent. In addition, UL TDOA has the burden to require tight network synchronization between network nodes.
Therefore, minimum accuracy requirements for RTOA should not be introduced in Rel-16. 
The following proposal is made:
	No RTOA minimum accuracy requirements will be defined. 
AoA / ZoA
As depicted in [3] and [4], we have concerns on introducing minimum requirements for AoA / ZoA and in our view it is even challenging to finalize this work in Rel-16 timeframe, since performance requirements need to be verified by test configurations applying comparable complexity for Rx processing and antenna design.
Thus, minimum accuracy requirements for AoA / ZoA should not be introduced in Rel-16. 
The following proposal is made:
	No AoA / ZoA minimum accuracy requirements will be defined. 
Optionality of gNB accuracy requirements
RAN4 has agreed at RAN4 #94-e that gNB positioning measurement accuracy requirements are optional. Companies were encouraged to study whether any accuracy requirement for a positioning measurement supported by a gNB is also optional. 
In our view, there should be three support levels as depicted in Table 1.
	gNB measurement support level
	Description

	0
	gNB does not support the measurement type.


	1
	gNB supports the measurement type, without meeting the specified minimum measurement accuracy requirement.

	2
	gNB supports the measurement type, meeting the specified minimum measurement accuracy requirement.


Table 1: Support levels for gNB measurement accuracy requirements.
That means, in the manufacturer’s declaration, the gNB measurement support for NR positioning will be specified by providing the corresponding measurement support level for each UL measurement type [5]:
· UL SRS-RSRP, 
· AoA and ZoA, 
· UL RTOA, 
· gNB Rx-Tx time difference 
The following proposal is made:
	Three gNB measurement support levels are introduced per UL measurement type:
- Level 0:	no support 
- Level 1: 	support without meeting minimum accuracy requirement
- Level 2: 	support meeting minimum accuracy requirement)
Scenarios for gNB accuracy requirements
RAN4 has started the discussion on scenarios for gNB accuracy requirements at RAN4 #94-e and companies were encouraged to study side conditions, antenna configurations, reference signal patterns and applicability to BS type.
Side conditions
Side conditions in terms of SNR and propagation profiles need to be identified both for SRS-RSRP and gNB Rx-Tx time difference. As both use the same reference signal (SRS for positioning), it is expected that SNR side condition is the same for both measurement types. 
In our view, side conditions for gNB Rx-Tx time difference and SRS-RSRP can be copied from those for UL RTOA in TS 36.111:
●	SRS Ês/Iot >= -16.9 dB,
●	Measured SRS Ês/Noc = -8 dB;
●	All interference and noise: AWGN,
●	Minimum Io -125.1 dBm/15kHz,
●	Maximum Io -50.0 dBm/BWchannel,
●	Propagation profiles: EPA5 and ETU30.
This takes into account SRS reception from UE in neighbour cell as the limiting scenario. Therefore, the following proposal is made.
	The side conditions for gNB Rx-Tx time difference and SRS-RSRP will be common and the same as for RTOA in E-UTRAN specified in TS 36.111, clause 7.2.
Antenna configuration
As discussed at RAN4 #93 in [4] and RAN4 #94-e in [3], core and performance requirements are valid for all gNB antenna configurations. For deriving performance requirements and for defining requirements for conformance testing, we prefer to use fixed antenna beams for simplification purposes, thus not including any gains from Rx beamforming. 
The following proposal is made.
	For deriving performance requirements and for defining requirements for conformance testing, fixed gNB antenna beams will be assumed. 
RS pattern
Accuracy requirements for UE Rx-Tx time difference and gNB Rx-Tx time difference should be defined for PRS and SRS configurations in FR1 / FR2, which are aligned in bandwidth. 
As the RTT measurement loop is triggered by sending PRS from the serving cell/TRP or from a configured neighbour cell/TRP to the UE, which responds with sending SRS only once to the serving cell/TRP, being monitored by the configured neighbour cells/TRPs, accuracy requirements for UE Rx-Tx time difference and gNB Rx-Tx time difference should be based on same/comparable bandwidth for PRS configuration and SRS configuration, derived from the channel bandwidth, as well as same/comparable periodicity for PRS configuration and SRS configuration to allow multiple measurement loops to be measured with a given measurement time.
Hence the PRS configuration is not relevant for determining the accuracy performance for both measurements gNB Rx time (derived from SRS reception) and gNB Tx time (derived from internal gNB clock timing), but it is relevant in order to define the timing relationship between PRS occasions and SRS occasions (periodicity, slot offset) for defining the measurement loop latency and thus if multiple loops can be measured.
Since gNB Rx-Tx time difference and SRS-RSRP are based on the same reference signal, they can be measured simultaneously, i.e. based on the same SRS configuration. 
The following is a starting point for discussion in RAN4, based on agreements for PRS-RSTD and PRS-RSRP link level simulations in [6].
The SRS configuration in TS 38.211 is characterized by:
· Number of antenna ports:  {1,2,4}
· Number of consecutive OFDM symbols:  {1,2,4,8,12}
· 
Starting position in the time domain: {0, 1, …,13}
· Starting position in the frequency-domain: k0
· SRS bandwidth [RB]: 4, 8, 12, …, 272
· Transmission comb number: KTC  {2,4,8}
· 
number of cyclic shifts: , max cyclic shift depending on KTC
· FH parameters 
· SRS sequence identity: .
· SRS resource periodicity / slot offset: TSRS  {2,…,81920}  (e.g. for SCS=15 kHz the range is 2 ms …81,92 s)
For PRS configuration in TS 38.211, the relevant timing parameters are: 
· DL-PRS periodicity 
· DL-PRS resource slot offset  = 0 (can be set to 0).
· DL-PRS resource set consists only of one PRS resource.
This yields following proposed SRS / PRS candidate configurations for FR1 in Table 2 and for FR2 in Table 3. 
SRS / PRS candidate configurations in FR1:
	Carrier frequency
	SRS bandwidth / #RBs / SCS
	Tx comb no.
	SRS symbols
	FH
	SRS resource periodicity TSRS [slots]
	PRS Bandwidth / #RBs / SCS
	DL-PRS Periodicity
[slots]

	2 GHz
	5 MHz / 25 / 15 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	5 MHz / 25 / 15 kHz
	[10, 20, …, 100]

	2 GHz
	10 MHz / 52 / 15 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	10 MHz / 52 / 15 kHz
	[10, 20, …, 100]

	2 GHz
	20 MHz / 104 / 15 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	20 MHz / 104 / 15 kHz
	[10, 20, …, 100]

	2 GHz
	50 MHz / 264 / 15 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	50 MHz / 268 / 15 kHz
	[10, 20, …, 100]

	4 GHz
	50 MHz / 132 / 30 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	50 MHz / 132 / 30 kHz
	[10, 20, …, 100]

	4 GHz
	100 MHz / 272 / 30 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	100 MHz / 272 / 30 kHz
	[10, 20, …, 100]


Table 2: Candidate SRS / PRS configurations in FR1.
SRS / PRS candidate configurations in FR2:
	Carrier frequency
	SRS bandwidth / #RBs / SCS
	Tx comb no.
	SRS symbols
	FH
	SRS resource periodicity TSRS [slots]
	PRS Bandwidth / #RBs / SCS
	DL-PRS Periodicity
[slots]

	40 GHz
	50 MHz / 32 / 120 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	50 MHz / 32 / 120 kHz
	[10, 20, …, 100]

	40 GHz
	100 MHz / 64 / 120 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	100 MHz / 64 / 120 kHz
	[10, 20, …, 100]

	40 GHz
	200 MHz / 132 / 120 kHz
	[2,4,8]
	[8,12]
	on/off
	[10, 20, …, 100]
	200 MHz / 128 / 120 kHz
	[10, 20, …, 100]


Table 3: Candidate SRS / PRS configurations in FR2.
As shown above, SRS resource periodicity being assigned on a dedicated UE basis, should be aligned to the DL PRS periodicity, common for all UE’s, to enable fast measurement loops.
The following proposal is made.
	RAN4 to discuss the suitability of candidate SRS/PRS configurations, as depicted in Table 2 and 3, as starting point for deriving gNB minimum accuracy requirements for gNB Rx-Tx time difference and SRS-RSRP.
Applicability to BS type
This item was already discussed at RAN4 #92bis in view of different NR BS types, such as BS type 1-C, 1-H, 1-O and 2-O as specified in TS 38.104. In general, applicability of gNB measurement requirements should be considered for all BS types. However, there are three aspects that need to be taken into account: 
· The reference point for transmission and reception, as defined in TS 38.215 for timing measurements, i.e. for gNB Rx time and for gNB Tx time, is specific for each BS type. 
· The achievable performance, and thus the measurement accuracy, depends on the measurement bandwidth, thus gNB measurement performance for FR1 and FR2 is expected to be different. 
· Different target performance levels (commercial performance targets) exist for gNBs deployed outdoor and indoor according to [6].
Thus, the following proposal is made:
	Accuracy requirements for timing measurements, i.e. gNB Rx time and gNB Tx time, depend on BS type (1-C, 1-H, 1-O and 2-O) and on indoor / outdoor deployment type.  Furthermore, accuracy requirements for timing measurements depend on the configured SRS bandwidth (RBs) in FR1 and FR2.
Conclusion
This contribution has discussed gNB measurement accuracy requirements for NR positioning. It is proposed to agree the following proposals:
1. No RTOA minimum accuracy requirements will be defined.
No AoA / ZoA minimum accuracy requirements will be defined. 
Three gNB measurement support levels are introduced per UL measurement type:
- Level 0:	no support 
- Level 1: 	support without meeting minimum accuracy requirement
- Level 2: 	support meeting minimum accuracy requirement)
The side conditions for gNB Rx-Tx time difference and SRS-RSRP will be common and the same as for RTOA in E-UTRAN specified in TS 36.111, clause 7.2.
For deriving performance requirements and for defining requirements for conformance testing, fixed gNB antenna beams will be assumed.
RAN4 to discuss the suitability of candidate SRS/PRS configurations, as depicted in Table 2 and 3, as starting point for deriving gNB minimum accuracy requirements for gNB Rx-Tx time difference and SRS-RSRP.
Accuracy requirements for timing measurements, i.e. gNB Rx time and gNB Tx time, depend on BS type (1-C, 1-H, 1-O and 2-O) and on indoor / outdoor deployment type.  Furthermore, accuracy requirements for timing measurements depend on the configured SRS bandwidth (RBs) in FR1 and FR2.
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