[bookmark: _GoBack][bookmark: _Ref452454252]3GPP TSG-RAN WG1 #101 Meeting	R1-2003669
e-Meeting, 25th May – 5th June, 2020

Agenda item:		8.2.3
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source:	MediaTek Inc.
Title:	Views on Positioning enhancement for Rel-17
Document for:		Discussion

1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we provide our views on the following potential items for Rel-17 positioning enhancement,
· Higher accuracy positoning 
· On-demand RS
· SRS enhancement on cyclic shift pattern

2 Higher accuracy positioning
The factors of influencing the accuracy on the Rel-16 positioning techniques are identified in TABLE 2.1. To resolve the RS bandwidth and RSRP measurement issues, the following aspects can be considered,
· The realization of larger RS transmission bandwidth, especially in FR1, for DL-TDOA and multiple RTT
· The implementation of advanced receiver for positioning, for DL-TDOA and multiple RTT
· The implementation of the first-arrived path RSRP measurement, for DL-AOD 
· The new measurement on carrier phase


TABLE 2.1
	Technique
	
	Impact to the accuracy

	DL-TDOA
	DL only
	· Synchronization (clock accuracy) among TRPs
· RS bandwidth

	DL-AOD
	DL only
	· Channel condition. RSRP measurement degradation under NLOS

	Multiple RTT
	DL + UL
	· RS bandwidth




2a Realization of larger RS transmission bandwidth
The large transmission bandwidth can be derived in FR2. However, it is also beneficial to realize larger BW in FR1, depending on the scenario.

The following two solutions can be considered for deriving larger RS transmission bandwidth in FR1,
· Intra-band contiguous CA with channel spacing less than the nominal channel spacing
· The support of 120KHz SCS to obtain larger bandwidth for a component carrier
 
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”



The guard band causes the discontinuous PRB allocation across CCs, as shown in Fig. 2a-1. Therefore, the impact of the “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.

Another possibility is to consider 120KHz SCS in FR1 so that a single CC can be allocated with larger bandwidth. The shorter CP duration still could be feasible in IIOT scenario for enabling both data transmission and positioning, since the propagation distance may not be too far as compared to the outdoor scenario.
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                                     Fig. 2a-1,

Proposal 2a-1: Intra-band contiguous CA can be further studied as a solution to increase RS transmission bandwidth

Proposal 2a-2: 120KHz SCS can be considered in FR1 to increase the maximum bandwidth for a carrier

2b Implementation of advanced receiver for positioning
The super resolution algorithm, such as MUSIC, ESPRIT, Capon and Matrix Pencil under array signal processing area for AOA estimation, can be further extended for TOA estimation. In [1], the proposed matrix pencil algorithm can outperform the conventional IFFT based method.

We propose to study the accuracy improvement based on the super resolution algorithm in order to identify whether it is a promising and stable approach. It could be further left to RAN4 for defining the test case for the UE with the advanced receiver capability. 

Proposal 2b-1: Study the accuracy improvement based on the super resolution algorithm in Rel-17 positioning study item

2c Implementation of the first-arrived path RSRP measurement
The DL-AOD technique measures a number of RSRP from different TX beams of a certain TRP. The conventional RSRP measurement is to measure the total power of multiple received paths. Under NLOS scenario, it is not uncommon that the paths later than the first-arrived path are larger in terms of power. As such, the RSRP measurement could be dominated by these paths, making the bias of AOD estimation.

To improve DL-AOD accuracy under NLOS scenario, another type of RSRP measurement by measuring the power of the first-arrived path can be further investigated in the study item.

Proposal 2c-1: Study the first-arrived path RSRP measurement for DL-AOD accuracy improvement in Rel-17 positioning study item

2d New measurement on carrier phase
The GNSS RTK technique, which is the RAT independent approach, has been supported in LTE. The Bluetooth 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 concern of integer ambiguity under the scenario when GNSS RTK is applied could be lessened under IIOT scenario, because IIOT scenario is a more compact deployment scenario. The system providing GNSS RTK may allocate reference stations on the ground for providing the phase reference for the near-by GPS receivers. And 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. So we propose to leverage GNSS RTK and to further study he following items,
· 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?  
· What is the impact of frequency drift, multipaths, and the initial phase difference between TX and RX, and how to resolve it?

Proposal 2d-1: Study carrier phase measurement in Rel-17 positioning study item
  
3 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. For example, after perfoming the RTT measurement, the UE can further measure the phase difference from multiple frequency points to improve the accuracy.
 
Observation 3-1: On-demand RS can be treated as a means for the UE to facilitate certain measurement

Observation 3-2: The signal for carrier phase measurement can be transmitted through on-demand RS
  
4 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 time domain cyclic shift pattern designed for the staggering structure is not supported in Rel-16. This means, for UE multiplexing purpose, the Rel-15 time domain cyclic shift pattern designed for the Rel-15 non-staggering SRS structure would be applied to the Rel-16 SRS with staggering structure. 

There are two solutions to simultaneously increase UE multiplexing capacity and allocate each UE properly,
· The amount of the phase rotation applied to the REs across symbols with SRS transmission may follow the order of occupied subcarriers. Fig. 4-1 and 4-2 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 the 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 4-1: Increase the maximum cyclic shift number for each comb for the staggering SRS structure

Proposal 4-2: The amount of the phase rotation applied to the REs across symbols with SRS transmission may follow the order of occupied subcarriers

[image: ]
   Fig. 4-1, 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
[image: ]
   Fig. 4-2, 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
  
5 Conclusion
Proposal 2a-1: Intra-band contiguous CA can be further studied as a solution to increase RS transmission bandwidth

Proposal 2a-2: 120KHz SCS can be considered in FR1 to increase the maximum bandwidth for a carrier

Proposal 2b-1: Study the accuracy improvement based on the super resolution algorithm in Rel-17 positioning study item

Proposal 2c-1: Study the first-arrived path RSRP measurement for DL-AOD accuracy improvement in Rel-17 positioning study item

Proposal 2d-1: Study carrier phase measurement in Rel-17 positioning study item

Observation 3-1: On-demand RS can be treated as a means for the UE to facilitate certain measurement

Observation 3-2: The signal for carrier phase measurement can be transmitted through on-demand RS

Proposal 4-1: Increase the maximum cyclic shift number for each comb for the staggering SRS structure

Proposal 4-2: 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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