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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 Rel-17 positioning enhancement study item aims at the further improvement on the following design targets,
· High accuracy
· Low latency
· Network efficiency
· Device efficiency

We consider the following aspects for further improvement. The relationship between the potential aspects and the design targets are tabulated as follows,

	Aspects
	High accuracy
	Low latency
	Network efficiency
	Device efficiency
	Others

	DL-TDOA enhancement
	X
	X
	
	X
	

	Larger RS bandwidth utilization
	X
	
	
	
	

	Super resolution receiver for positioning
	X
	
	
	
	

	DL-AoD enhancement
	X
	X
	
	
	

	New measurement on carrier phase
	X
	
	
	
	

	On-demand RS
	
	
	X
	
	

	Measurement and reporting in Idle and inactive state
	
	
	
	X
	

	Enhancement on Rel-16 RS
	
	
	X
	
	X





2 DL-TDOA enhancement
DL-TDOA technique has been widely used. From UE perspective, a UE needs to
· measure downlink PRS
· report the DL-RSTD measurement results

For multiple-RTT technique, a UE needs to
· measure downlink PRS
· report UE RX-TX time difference measurement results
· transmit uplink RS (SRS)

From above, it is observed that UE may consume the power for supporting DL-TDOA technique less than that for supporting multiple-RTT technique since the uplink RS transmission is not needed. However the cost is the inaccuracy due to the synchronization error between 2 TRPs, as shown in Fig. 2-1.

The multiple-RTT technique is targeted to individually estimate the time delay between each TRP to the UE, which is td1 and td2 in Fig. 2-1. Therefore the combined technique usage of DL-TDOA and multiple-RTT may estimate the synchronization error delta. Furthermore, the RSTD measurement for DL-TDOA technique can be configured with shorter periodicity, while the RX-TX time difference measurements for multiple-RTT technique can be configured with longer periodicity as the support for synchronization error estimation. In this way, the UE may reduce the need of uplink RS transmission as compared to multiple-RTT-only usage, especially when downlink and uplink CA for positioning are considered.

Fig. 2-2 shows the reasonable assumption that, for each TRP, the downlink and uplink slot boundary can be well aligned. Therefore, the synchronization error between 2 TRPs on respective downlink and on respective uplink slots can be assumed identical.

Fig. 2-3 shows the UL-RTOA measurement by 2 TRPs. To compare Fig. 2-1 and Fig. 2-3, it is seen that for a same pair of TRPs to a certain UE,
· The DL-RSTD value is equal to td1 – td2 – delta
· RTOA in TRP1 minus RTOA in TRP2 is equal to td1 – td2 + delta

Then the average of a DL-RSTD value and the difference between two UL-RTOA values (UL-TDOA) from a same pair of TRPs can improve DL-RSTD estimation, thereby further providing the estimation of the synchronization error delta.

To support UL-RTOA measurement for UL-TDOA technique, a UE needs to transmit uplink RS (SRS), and the measurement report from UE is not needed since it is the uplink measurement. Similar to the combined technique usage of DL-TDOA and multiple-RTT, the combined technique usage of DL-TDOA and UL-TDOA also serves as a solution to reduce the impact of synchronization error, by configuring DL-RSTD measurement technique with shorter periodicity and UL-RTOA measurement with longer periodicity.

For UE-assisted mode, the combination of DL-RSTD and RX-TX time difference measurement results, or the combination of DL-RSTD and UL-RTOA measurement results can be conducted at LMF. For UE-based mode by using DL-TDOA technique, the additional technique usage of multiple-RTT or UL-TDOA can also be considered by providing the corresponding uplink measurement results to the UE in order to reduce the impact of synchronization error through proper combining. For example, the location server can provide the difference of received RTOA reports as assistance information, having the value of td1 – td2 + delta to the UE, and UE can combine this assisted value according to the proper timestamp with the own measured RSTD value of td1 – td2 – delta.  

Observation 2-1: From device efficiency perspective, the combined technique usage of DL-TDOA and multiple-RTT may reduce the need of uplink RS transmission as compared to multiple-RTT-only usage

Observation 2-2: From device efficiency perspective, the combined usage of DL-TDOA and UL-TDOA usage may reduce the need of uplink RS transmission as compared to multiple-RTT-only usage

Observation 2-3: For the combined technique usage of DL-TDOA and multiple-RTT, DL-RSTD measurement can be configured with shorter periodicity, and RX-TX time difference measurement and uplink RS transmission can be configured with longer periodicity for UE power saving

Observation 2-4: For the combined technique usage of DL-TDOA and UL-TDOA, DL-RSTD measurement can be configured with shorter periodicity, and the uplink transmission for UL-RTOA measurement can be configured with longer periodicity for UE power saving

Observation 2-5: The combined technique usage of DL-TDOA and UL-TDOA may be used to estimate synchronization error between a same pair of TRPs

Proposal 2-1: The combined technique usage of DL-TDOA and multiple-RTT, or of DL-TDOA and UL-TDOA, can be considered as DL-TDOA enhancement to improve accuracy for both UE-assisted and UE-based mode

Proposal 2-2: For UE-based DL-TDOA, when combining with multiple-RTT or UL-TDOA, the measurement results at gNB side (gNB RX-TX time difference or UL-RTOA) can provide to the UE to reduce the impact of synchronization error between TRPs
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Fig. 2-1, RSTD inaccuracy due to synchronization error between TPs for DL-TDOA
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Fig. 2-2, Synchronization error for downlink and uplink slot
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Fig. 2-3, UL-RTOA measurement 
3 Larger RS bandwidth utilization
The larger RS transmission bandwidth corresponds to finer resolution of the timing to achieve higher accuracy. For conventional receiver design by using IFFT operation for the time delay estimation, the consecutive RS transmission bandwidth may be required. Therefore, the intra-band contiguous CA is a promising candidate to achieve larger consecutive RS transmission bandwidth.

In 38.101-1, it is stated that,
	“The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of least common multiple of channel raster and sub-carrier spacing less than the nominal channel spacing to optimize performance in a particular deployment scenario”



Under nominal channel spacing, there is a guard band between the right edge of the transmission bandwidth of a CC and the left edge of the transmission bandwidth of another CC. The guard band could be several hundred Hz according to Table 5.3.3-1 in 38.101-1. The guard band causes the discontinuous PRB allocation across CCs, as shown in Fig. 3-1. As such, the impact of this “discontinuous” width to the channel impulse response estimation needs further investigation. Furthermore, the extent of the timing offset and power imbalance among CCs also needs to be evaluated.

The non-consecutive RS transmission bandwidth may achieve higher accuracy through different ways, other than just providing finer resolution. The details need more study, for example,
· Whether interband CA can be utilized for LOS detection due to different path loss and reflection properties over different bands
· Whether intra-band non-contiguous CA can be utilized under conventional receiver and under advanced receiver providing super resolution, and the corresponding requirement on timing offset and power imbalance among CCs
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Fig. 3-1, guard band under nominal channel spacing

Observation 3-1: Under nominal channel spacing, there is a guard band between the right edge of the transmission bandwidth of a CC and the left edge of the transmission bandwidth of another CC. The guard band could be several hundred Hz

Proposal 3-1: Study the impact of channel spacing, timing offset and power imbalance among CCs to the positioning performance for intra-band contiguous CA

Proposal 3-2: Study whether interband CA can be utilized for LOS detection due to different path loss and reflection properties over different bands

Proposal 3-3: Study whether intra-band non-contiguous CA can be utilized under conventional receiver and under advanced receiver providing super resolution, and the corresponding requirement on timing offset and power imbalance among CCs



4 Super resolution receiver for positioning
The conventional receiver applies IFFT to observe CIR for detecting the first path. The resolution could be limited by the base period.

The super resolution receiver may utilize the concept that, a path delay in time domain is equivalent to linear phase change with a certain slope in frequency domain, as shown in Fig. 4-1. Then the phase rotation on a set of subcarriers due to a path delay can be treated as the signature waveform, as indicated in Fig. 4-2. The super resolution algorithm is to search whether the signature waveform is present or not, and to determine which signature waveform corresponds to the first path.

The signature waveform of two close paths may have high correlation coefficient when the spanned bandwidth is narrow, as shown in Fig. 4-3. This also means, the RS transmission bandwidth is a key factor on super resolution receiver performance.

The concept of MPDR (minimum power distortionless response) beamformer[1] is leveraged to realize the super resolution receiver. The MOE (minimum output energy) is observed to determine the first path. When the spanned bandwidth of the signature waveform is narrow, the MOE output may not distinguish two close paths, as shown in Fig. 4-4, and with the increase of the spanned bandwidth, the two close paths can be resolved, as seen in Fig. 4-5.

Fig. 4-6 shows the comparison between conventional receiver and super resolution receiver under LOS condition. The super resolution receiver may outperform conventional receiver significantly when the number of TRPs is limited. The performance gap between super resolution receiver and conventional receiver is shortened when the number of TRPs is increasing. This means, the super resolution receiver can provide better RSTD measurement accuracy, thereby reducing the need to measure large amounts of RSTD for mitigating the impact of several large RSTD estimation errors. The performance under NLOS would be further studied.

The definition of super resolution capability may not be needed. The UE with such capability can be implicitly known by the network when the UE reports smaller number of PRS processing capability and finer report granularity together.

Observation 4-1: Under LOS condition, the super resolution receiver may outperform conventional receiver significantly when the number of TRPs is limited. The performance gap between super resolution receiver and conventional receiver is shortened when the number of TRPs is increasing

Observation 4-2: The super resolution receiver can provide better RSTD measurement accuracy, thereby reducing the need to measure large amounts of RSTD for mitigating the impact of several large RSTD estimation errors

Observation 4-3: The definition of super resolution capability may not be needed. The UE with such capability can be implicitly known by the network when the UE reports smaller number of PRS processing capability and finer report granularity together
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Fig. 4-1, path delay and the corresponding phase rotation
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Fig. 4-2,
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Fig. 4-3, the delay difference of two path is 30ns               Fig. 4-4, super resolution receiver may not distinguish two
                                                        paths with 30ns time difference when the signature waveform 
                                                        has narrow spanned bandwidth  (at 1 us, and 1.03 us)
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   Fig. 4-5, super resolution receiver may distinguish two
   paths with 30ns time difference when the signature waveform
   has large spanned bandwidth  (at 1 us, and 1.03 us)


[image: ]
Fig. 4-6: performance comparison between IFFT receiver and super resolution receiver in terms of TRP number


5 DL-AoD enhancement
The DL-AoD technique measures a number of RSRPs from different TX beams of a certain TRP as implicit angle measurement between a TRP to a UE, and a number of implicit angle measurements are conducted to determine UE position. The conventional RSRP measurement basically measures the total power of all the received paths. Under NLOS scenario, it is not uncommon that the paths behind the first-arriving path have larger power. As such, the angle measurement could be biased since the RSRP measurement is dominated by these late-arriving paths.

To improve DL-AoD accuracy under NLOS scenario, another type of RSRP measurement by measuring the power of the first-arriving path could be considered. We suggest the further investigation in the study item.

For UE assisted mode, NRPPa may define the mapping from a number of RSRP measurements to the angle. It is still uncertain whether it is in time for RAN3 to finish for Rel-16. In our view, the mapping is a physical issue regarding the beam response. We therefore suggest RAN1 to take the lead for defining the mapping in Rel-17.

Observation 5-1: For UE assisted mode, NRPPa may define the mapping from a number of RSRP measurements to the angle. It is still uncertain whether it is in time for RAN3 to finish for Rel-16

Observation 5-2: The mapping from a number of RSRP measurements to the angle is a physical issue regarding the beam response

Proposal 5-1: Study RSRP measurement for first-arriving path as accuracy improvement for DL-AoD technique

Proposal 5-2: RAN1 should take the lead for defining the mapping of a number of RSRP measurements to the angle for DL-AoD enhancement in Rel-17

6 New measurement on carrier phase
The LTE positioning has supported GNSS RTK technique as RAT independent approach. The Bluetooth specification also supports the point-to-point high accuracy distance measurement through the carrier phase measurement. Note that, the carrier phase measurement doesn’t require large RS transmission bandwidth.

The system providing GNSS RTK may allocate the reference stations on the ground to provide the phase reference for the near-by GPS receivers. The “double difference” method is commonly used by the GPS receiver to remove the clock offset at both TX and RX side by leveraging the reference phase provided by the reference station.

The GPS receiver may also measure 2 or 3 carrier frequencies transmitted from each satellite to further improve the distance measurement. However the impairments such as the ionospheric delay and the tropospheric delay don’t need to be considered in IIOT scenario.

The integer ambiguity is a general problem under the scenario when GNSS RTK is applied. However, the concern of which could be lessened under IIOT scenario, since IIOT scenario is basically within a compact area.

However, within a compact area, the scattering environment could become the concern since the carrier phase measurement may be vulnerable under multiple paths. The further study is needed by considering the following items,
· What is the impact of frequency drift, multiple paths, and the initial phase difference between TX and RX, and how to resolve it?
· Whether the reference station can be considered in IIOT scenario?
· Whether the transmission of sinusoidal wave from each TRP for carrier phase measurement is needed, or the measurement can be performed implicitly?
· How many frequency points need to be measured?
· What is the proper frequency spacing between two frequency points?  

Observation 6-1: Carrier phase measurement doesn’t require large RS transmission bandwidth

Observation 6-2: The integer ambiguity is a general problem under the scenario when GNSS RTK is applied. However, the concern of which could be lessened under IIOT scenario, since IIOT scenario is basically within a compact area

Observation 6-3: Within a compact area, the scattering environment could become the concern since the carrier phase measurement may be vulnerable under multiple paths

Proposal 6-1: Study the feasibility of carrier phase measurement at least starting from Rel-17
  

6.a Initial study
Let’s consider sinusoidal signal transmission to explore carrier phase measurement. Without considering integer ambiguity, the phase difference of received signals between two frequency points can still provide the information of (limited) distance between a TRP to a UE. Fig. 6-2 and 6-3 show that, the resolvable distance without integer ambiguity can be up to 300 meters and 150 meters respectively, for frequency difference at 1MHz and 2MHz.

Fig. 6-1 shows the flow of down-conversion and digital sampling of an incoming sinusoidal signal. Let fa represent as a single transmission frequency, fa’ as local oscillator frequency,as the received phase of incoming sinusoidal signal before mixer due to propagation delay,  as the initial phase difference between TX and RX. Due to the potential frequency offset during direct conversion, fa’ can be further expressed as fa’ = fa*(1+ x) where x is the offset in ppm.

To sample the signal at the mixer output, let’s assume that the sampling clock runs at the frequency of fa’/m by considering the sharing of the same crystal as the mixer, where m is an integer. The sample instant happens at t = n*m/fa’, where n= 0, 1, 2, 3 and so on. The extracted phase after sampling on the mixer output can be expressed as,
   (1)
Where it can be observed that the extracted phase is independent of the single frequency point for transmission. This means, for another frequency point for transmission, fb, if the received phase before mixer under same propagation distance is denoted as , the extracted phase may become 
   (2)
[bookmark: _GoBack]Where the initial phase difference between TX and RX, still assumes the same as that for the transmission at frequency point fa.

The difference between Eqn. (1) and (2) can clearly observe, which bears the information of distance between a TRP to a UE.

The phase may be perturbed due to DC offset under direct conversion. To consider the conversion to lower IF, the local oscillator frequency is assumed at (fa – fi)*(1 + x) and (fb – fi)*(1 + x) respectively for frequency point at fa and fb. Accordingly, for both the frequency points, the sample instant happens at t = n*m/fi*(1+x), where n= 0, 1, 2, 3 and so on. The extracted phase after sampling the down-converted signal from the two frequency points can be expressed as
   (3)
   (4)
By taking the difference between Eqn. (3) and (4), the phase difference could be influenced by other terms which can not be cancelled due to the dependence on the frequency points. 
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               Fig. 6-1






[image: ] [image: ]
  Fig. 6-2: two frequencies with 1MHz difference:            Fig. 6-3: two frequencies with 2MHz difference:    
         300 meters without ambiguity                          150 meters without ambiguity

Observation 6-4: Without considering integer ambiguity, the phase difference of received signals between two frequency points can still provide the information of (limited) distance between a TRP to a UE

Observation 6-5: For the transmission of two frequency points and under direct conversion architecture, the difference of the extracted phase may contain the information of the distance between a TRP and a UE

Observation 6-6: For the transmission of two frequency points and under lower IF architecture, the difference of the extracted phase could be influenced by other terms which can not be cancelled due to the dependence on the frequency points

7 On-demand RS design
We consider on-demand RS as a means for the UE to facilitate certain measurement. For example, for the LOS/NLOS detection, the UE may request the TRP to transmit RS from two polarizations, or from different frequency bands.

The carrier phase measurement can also be realized through the on-demand RS request. For example, after performing the RTT measurement, and when UE detects that it is LOS dominating condition between a TRP and the UE, the UE can further request the single carrier transmission to measure the phase difference from multiple frequency points to further improve the accuracy.
 
Observation 7-1: On-demand RS can be treated as a means for the UE to facilitate certain measurement

Observation 7-2: The signal for carrier phase measurement can be transmitted through on-demand RS

8 Measurement and reporting in RRC idle and inactive state
The LPP procedures normally consist of the following steps as specified in 38.305,
· capability transfer (request and provide)
· assistance data transfer (request and provide)
· location information transfer (request and provide)

For a UE in RRC idle/inactive state, the capability transfer maybe a problem since the request of capability may page the UE, moving the UE to RRC connected state. When UE was in RRC connected state and then move to RRC inactive state, the capability contents may still be preserved in the network especially when UE is in CM connected state. There is uncertainty whether the network still preserves the capability contents in CM idle state.

In RRC connected state, the network may request the UE for certain measurement, and the UE may later provide the measurement report. In RRC idle/inactive state, the UE may self-locate in UE based mode.

The broadcasting SIB for positioning assistance information, in addition to NAS signalling, has been considered since in LTE. So basically, the downlink only measurement with UE based mode, could be feasible in Rel-16 and as the starting point for Rel-17.

The UE assisted mode requires the measurement reporting, which could be the concern in RRC idle state since the most UE contexts for example the security keys have been discarded. Whether any control plane solution for data transmission in RRC idle state similar to that for NB-IOT design is beyond RAN1 scope. 

In RRC inactive state, RAN2 is working on UL small data transmission by utilizing RACH-based scheme to enable user plane data transmission. The UE assisted mode in RRC inactive state could also be feasible, since the network may trigger the UE by paging the UE for a new cause of measurement for positioning, and the UE may respond with the RACH procedure.

The preamble transmission in Msg1 for 4-step RA and in MsgA for 2-step RA could be acted as UL-PRS. A set of preamble indexes or a set of pre-configured time/frequency resources can be considered for positioning purpose under CBRA procedure. The different cells can be distinguished by different set of time/frequency resources and/or different set of preamble indexes. 

The preamble transmission in Msg1/MsgA can also serve the purpose of requesting uplink measurement results as assistance information for UE based mode so that the UE may combine with its own measurement to cancel synchronization error, as described in section 2. Msg4 for 4-step RA and MsgB for 2-step RA with flexible payload size may carry the uplink measurement results to the UE. For UE assisted mode, Msg3/MsgA with flexible payload size may carry downlink measurement report.

In RRC idle and inactive state, the UE specific DRX cycle is aligned with a paging occasion depending on the UE ID. However, the PRS occasion could be unique for all the UEs within a cell. Then, the UE may need to wake up during DRX OFF duration to measure PRS, unless PRS transmission can be designed to allow multiple PRS occasions so that the network can distribute UEs to these PRS occasions based on their IDs. If doing so, the RS overhead could be increasing.


Observation 8-1: The broadcasting SIB for positioning assistance information, in addition to NAS signalling, has been considered since in LTE. So basically, the downlink only measurement with UE based mode, could be feasible in Rel-16 and as the starting point for Rel-17

Observation 8-2: The UE assisted mode requires the measurement reporting, which could be the concern to be supported in RRC idle state since the most UE contexts for example the security keys have been discarded

Observation 8-3: In RRC inactive state, RAN2 is working on UL small data transmission by utilizing RACH-based scheme to enable user plane data transmission

Observation 8-4: For UE assisted mode, Msg3/MsgA with flexible payload size may carry downlink measurement report

Observation 8-5: In idle and inactive state, UE may need to wake up during DRX OFF duration to measure PRS, unless PRS transmission can be designed to allow multiple PRS occasions so that the network can distribute UEs to these PRS occasions based on their IDs. If doing so, the RS overhead could be increasing

Proposal 8-1: In RRC idle state, consider downlink only measurement with UE based mode for positioning

Proposal 8-2: In RRC inactive state with UE assisted mode, the network may trigger the UE by paging the UE for a new cause of measurement for positioning, and the UE may respond with the RACH procedure

Proposal 8-3: The preamble transmission in Msg1/MsgA can also serve the purpose of requesting uplink measurement results as assistance information

Proposal 8-4: In RRC inactive state with UE based mode, the combined usage of DL-TDOA and UL-TDOA can be considered. Msg4 for 4-step RA and MsgB for 2-step RA with flexible payload size may carry the uplink measurement results to the UE for synchronization error cancellation 
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Fig. 8-1: flexible payload size for data transmission in 4-step RA type
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Fig. 8-2: flexible payload size for data transmission in 2-step RA type


	
	Idle state
	Inactive state
	Connected state

	Assistance information reception
	· SIB
	· SIB
	· SIB
· or NAS signalling

	Downlink measurement
	· may happen during DRX OFF
	· may happen during DRX OFF
	· within measurement gap

	Downlink measurement results reporting
	· move to connected state

	· move to connected state
· or increase payload size in Msg3 for 4-step RACH
· or increase payload size in MsgA for 2-step RACH
	· NAS signalling

	Uplink RS transmission
	· move to connected state
· or Msg1 for 4-step RACH
· or MsgA for 2-step RACH
	· move to connected state
· or Msg1 for 4-step RACH
· or MsgA for 2-step RACH
	· SRS


TABLE 8-1


9 Enhancement on Rel-16 RS for positioning
The Rel-16 SRS for positioning utilizes the staggering structure to provide larger observation range for the receiver. However, the phase rotation pattern designed for the staggering structure in order to cyclic shift the multiplexing UEs is not supported in Rel-16. This means, for UE multiplexing purpose, the Rel-15 phase rotation pattern designed for the Rel-15 non-staggering SRS structure would be applied to the Rel-16 SRS with the staggering structure. 

There are two solutions to simultaneously increase UE multiplexing capacity and to properly allocate each UE,
· The amount of the phase rotation applied to the REs across symbols with SRS transmission may follow the order of occupied subcarriers. Fig. 9-1 and 9-2 show the examples
· Increase the maximum cyclic shift number for each comb. It may depend on the staggering level (full staggering or partial staggering)

The existing maximum cyclic shift number for comb-4 SRS is 12, which means, when 12 UEs are multiplexed together in a comb, each UE is allocated within 1/48 of OFDM symbol time duration, since the comb-4 non-staggering structure provides the observation range of ¼ of OFDM symbol time.

For comb-4 staggering structure with 2 symbols, the observation range is extended to become ½ of OFDM symbol time for each comb. Then it allows to allocate 24 UEs to maintain same duration as before. It is equivalent to increase the maximum cyclic shift number from 12 to 24. Similarly for comb-4 staggering structure with 4 symbols, the maximum cyclic shift number can be increasing to become 48.

Proposal 9-1: Increase the maximum cyclic shift number for each comb for the staggering SRS structure

Proposal 9-2: The amount of the phase rotation applied to the REs across symbols with SRS transmission may follow the order of occupied subcarriers
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   Fig. 9-1, Phase rotation on each RE with SRS transmission. The parameter m is the indicated cyclic shift index. In this example of staggering comb-4 with 2 symbols, 0<= m < 24
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   Fig. 9-2, Phase rotation on each RE with SRS transmission. The parameter m is the indicated cyclic shift index. In this example of staggering comb-4 with 4 symbols, 0<= m < 48
  
10 Conclusion

Observation 2-1: From device efficiency perspective, the combined technique usage of DL-TDOA and multiple-RTT may reduce the need of uplink RS transmission as compared to multiple-RTT-only usage

Observation 2-2: From device efficiency perspective, the combined usage of DL-TDOA and UL-TDOA usage may reduce the need of uplink RS transmission as compared to multiple-RTT-only usage

Observation 2-3: For the combined technique usage of DL-TDOA and multiple-RTT, DL-RSTD measurement can be configured with shorter periodicity, and RX-TX time difference measurement and uplink RS transmission can be configured with longer periodicity for UE power saving

Observation 2-4: For the combined technique usage of DL-TDOA and UL-TDOA, DL-RSTD measurement can be configured with shorter periodicity, and the uplink transmission for UL-RTOA measurement can be configured with longer periodicity for UE power saving

Observation 2-5: The combined technique usage of DL-TDOA and UL-TDOA may be used to estimate synchronization error between a same pair of TRPs

Observation 3-1: Under nominal channel spacing, there is a guard band between the right edge of the transmission bandwidth of a CC and the left edge of the transmission bandwidth of another CC. The guard band could be several hundred Hz

Observation 4-1: Under LOS condition, the super resolution receiver may outperform conventional receiver significantly when the number of TRPs is limited. The performance gap between super resolution receiver and conventional receiver is shortened when the number of TRPs is increasing

Observation 4-2: The super resolution receiver can provide better RSTD measurement accuracy, thereby reducing the need to measure large amounts of RSTD for mitigating the impact of several large RSTD estimation errors

Observation 4-3: The definition of super resolution capability may not be needed. The UE with such capability can be implicitly known by the network when the UE reports smaller number of PRS processing capability and finer report granularity together

Observation 5-1: For UE assisted mode, NRPPa may define the mapping from a number of RSRP measurements to the angle. It is still uncertain whether it is in time for RAN3 to finish for Rel-16

Observation 5-2: The mapping from a number of RSRP measurements to the angle is a physical issue regarding the beam response

Observation 6-1: Carrier phase measurement doesn’t require large RS transmission bandwidth

Observation 6-2: The integer ambiguity is a general problem under the scenario when GNSS RTK is applied. However, the concern of which could be lessened under IIOT scenario, since IIOT scenario is basically within a compact area

Observation 6-3: Within a compact area, the scattering environment could become the concern since the carrier phase measurement may be vulnerable under multiple paths

Observation 6-4: Without considering integer ambiguity, the phase difference of received signals between two frequency points can still provide the information of (limited) distance between a TRP to a UE

Observation 6-5: For the transmission of two frequency points and under direct conversion architecture, the difference of the extracted phase may contain the information of the distance between a TRP and a UE

Observation 6-6: For the transmission of two frequency points and under lower IF architecture, the difference of the extracted phase could be influenced by other terms which can not be cancelled due to the dependence on the frequency points

Observation 7-1: On-demand RS can be treated as a means for the UE to facilitate certain measurement

Observation 7-2: The signal for carrier phase measurement can be transmitted through on-demand RS

Observation 8-1: The broadcasting SIB for positioning assistance information, in addition to NAS signalling, has been considered since in LTE. So basically, the downlink only measurement with UE based mode, could be feasible in Rel-16 and as the starting point for Rel-17

Observation 8-2: The UE assisted mode requires the measurement reporting, which could be the concern to be supported in RRC idle state since the most UE contexts for example the security keys have been discarded

Observation 8-3: In RRC inactive state, RAN2 is working on UL small data transmission by utilizing RACH-based scheme to enable user plane data transmission

Observation 8-4: For UE assisted mode, Msg3/MsgA with flexible payload size may carry downlink measurement report

Observation 8-5: In idle and inactive state, UE may need to wake up during DRX OFF duration to measure PRS, unless PRS transmission can be designed to allow multiple PRS occasions so that the network can distribute UEs to these PRS occasions based on their IDs. If doing so, the RS overhead could be increasing

Proposal 2-1: The combined technique usage of DL-TDOA and multiple-RTT, or of DL-TDOA and UL-TDOA, can be considered as DL-TDOA enhancement to improve accuracy for both UE-assisted and UE-based mode

Proposal 2-2: For UE-based DL-TDOA, when combining with multiple-RTT or UL-TDOA, the measurement results at gNB side (gNB RX-TX time difference or UL-RTOA) can provide to the UE to reduce the impact of synchronization error between TRPs

Proposal 3-1: Study the impact of channel spacing, timing offset and power imbalance among CCs to the positioning performance for intra-band contiguous CA

Proposal 3-2: Study whether interband CA can be utilized for LOS detection due to different path loss and reflection properties over different bands

Proposal 3-3: Study whether intra-band non-contiguous CA can be utilized under conventional receiver and under advanced receiver providing super resolution, and the corresponding requirement on timing offset and power imbalance among CCs

Proposal 5-1: Study RSRP measurement for first-arriving path as accuracy improvement for DL-AoD technique

Proposal 5-2: RAN1 should take the lead for defining the mapping of a number of RSRP measurements to the angle for DL-AoD enhancement in Rel-17

Proposal 6-1: Study the feasibility of carrier phase measurement at least starting from Rel-17

Proposal 8-1: In RRC idle state, consider downlink only measurement with UE based mode for positioning

Proposal 8-2: In RRC inactive state with UE assisted mode, the network may trigger the UE by paging the UE for a new cause of measurement for positioning, and the UE may respond with the RACH procedure

Proposal 8-3: The preamble transmission in Msg1/MsgA can also serve the purpose of requesting uplink measurement results as assistance information

Proposal 8-4: In RRC inactive state with UE based mode, the combined usage of DL-TDOA and UL-TDOA can be considered. Msg4 for 4-step RA and MsgB for 2-step RA with flexible payload size may carry the uplink measurement results to the UE for synchronization error cancellation 

Proposal 9-1: Increase the maximum cyclic shift number for each comb for the staggering SRS structure

Proposal 9-2: The amount of the phase rotation applied to the REs across symbols with SRS transmission may follow the order of occupied subcarriers
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