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Introduction
The SID [2] includes the following objective regarding enhancement for general commercial uses case and IIoT use case
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
In this contribution, we will present our view on Rel-17 positioning enhancement.

Scope of enhancement
Based on the discussion from our companion contribution [7][8], we suggest to consider the following general enhancements.
Enhancement to DL PRS
PRS RE mapping patterns
In Rel-16, we have the PRS RE mapping with staggering [1] that is shown in Table 1.
[bookmark: _Ref30063016]Table 1 Agreed PRS patterns in Rel-16
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	{0,6,3,9,1,7,4,10,2,8,5,11}



In our view, to reduce latency for the IIoT scenario, 1-symbol PRS pattern should be supported and 2-symbol PRS pattern should be enhanced to include other comb values. Note also that the propagation delay is limited in the indoor scenario. As such, there is less demand for reducing ambiguity from the comb structure and, therefore, full staggering is no longer needed.
PRS multiplexing with other signals/channels
We have agreed in Rel-16 [1] [3] on the following behavior regarding PRS multiplexing with other DL reference signals and channels: 
	Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols
· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)
Agreement:
In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, at least in FR2, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE. Behaviour in FR1 is up to RAN4 to decide.
· Include this agreement in an LS to RAN4.
Agreements:
FR1: 
· UE behavior on scheduling restriction in FR1 shall be the same as agreed for FR2.
FR2:
· UE behavior on scheduling restriction in FR2 is according to the following RAN1 agreements:
· “In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE.”
· Impact of the above rule on the scheduling restriction on PRS based measurement requirements and the priority between data and measurement in RAN4 spec are FFS.
· If any problem is identified by RAN4 then how to resolve it is FFS.



It is very challenging to meet the tight latency requirement for both positioning and other communication services if such a restriction is still applied. Possible enhancement to relax such a restriction is crucial for the IIoT scenario.
In summary, we propose the following enhancement for PRS.
Proposal 1: The enhancement of PRS should include studying
Partial staggering and non-staggering PRS RE mapping
Simultaneous reception of PRS along with other signals/channels.

Enhancement to SRS
SRS RE mapping pattern
SRS RE mapping with staggering for Rel-16 is given in Table 2. Similar to PRS, we think 1-symbol SRS and 2-symbol SRS resource mapping should be enhanced to support all comb sizes.
[bookmark: _Ref30063178]Table 2 Agreed SRS pattern in Rel-16
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1}
	N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3},
	{0,2,1,3, 0,2,1,3}
	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	8
	N/A
	N/A
	{0,4,2,6}
	{0,4,2,6,1,5,3,7}
	{0,4,2,6,1,5,3,7,0,4,2,6}


Handling of SRS cyclic shift
There has been some issues regarding the counter-effect from cyclic shift on the SRS staggering pattern which have been addressed in some contributions in Rel-16. Namely, the SRS staggering will effectively increase the ambiguity region when gNB searches SRS, while multiplexing SRS with different cyclic shifts will somehow reduce the ambiguity region.
Rel-16 cyclic shift design allocates the cross-correlation peaks [9] inefficiently as shown in Figure 1. The full-staggering pattern increases the ambiguity region to OFDM symbol duration, i.e. (-N, N). However, for the 12 cyclic shifts used in comb-4 structure, the separation between them is only N/48, where the main cross correlation peaks are within (-N/4, N/4).
[image: ]
[bookmark: _Ref40103277]Figure 1 SRS cross-correlation peaks
These issues were not solved in Rel-16. Therefore, we suggest solving these issues to efficiently use staggering and cyclic shifts and set ambiguity region to the reasonable range in Rel-17.
In summary, we propose the following enhancement for SRS.
Proposal 2: The enhancement of SRS should include studying
Partial staggering and non-staggering SRS RE mapping
A new cyclic shift pattern considering staggering

Enhancement to measurement
Multipath measurements
Multi-path assisted positioning was discussed in Rel-16 positioning study item [4] and introduced by RAN2 by adopting LTE additional path reporting mechanism. Since only timing information was supported for multiple path in Rel-16, we suggest studying the potential benefit of reporting angle and power information associated with each path, so that a full utilization of multi-path measurement can be realized to improve the positioning accuracy.
To evaluate the potential benefit of multi-path assisted positioning, we suggest to consider explicit wall reflection in the channel model [5] similar to the feature of explicit ground reflection. The procedures of explicit wall reflection is shown in the Appendix.
NLOS/LOS identification
NLOS/LOS identification was discussed in Rel-16 positioning study item where the measurements corresponding to NLOS could be precluded to improve positioning accuracy if the multipath information in the NLOS channel is not useful [4]. 
The utilization of signal properties and measurements could be helpful to identify NLOS/LOS. The location algorithm could be further optimized and positioning accuracy could be improved if each measurement can be labeled with LOS or NLOS.
CSI measurements
Positioning in NLOS environment is extremely challenging. The current solution is provided by E-CID using RRM measurement based on RSRP/RSRQ finger-printing. A more refined measurement based on small scale parameters such as channel impulse response (CIR) or channel frequency response (CFR) can improve the positioning accuracy.
Rx/Tx diversity
The scale of distributed antennas for UE should be further considered for positioning accuracy as high as up to 0.2m. For example, the size of an automated guided vehicle (AGV) or a robotic arm with multiple tags should not be ignored when the positioning accuracy requirement is 0.2m. Furthermore, the relative location between different tags mounted on the AGV or the robotic arm can be further exploited to increase the positioning accuracy. In Rel-16, the measurement from Rx diversity is totally up to the UE implementation [6]: 
	Conclusion:
How to determine the RSTD measurement and UE Rx-Tx time difference measurements that are reported when receiver diversity is used by the UE is up to UE implementation and is not specified by measurement definition.



For Rel-17 IIoT positioning, the Rx diversity and Tx diversity should be further studied.
E-CID enhancement
NR E-CID does not support AOA and RTT measurements for the serving cell in Rel-16. This makes NR E-CID similar to a DL-based positioning technique solely based on RSRP finger-printing. Therefore, NR E-CID in Rel-16 may have a worse accuracy than LTE E-CID. Further, this contradicts the common understanding among positioning delegates that NR E-CID is a DL+UL positioning method as captured in TR 38.855 [4].
Multi-RTT enhancement 
Rel-16 only supports UE Rx – Tx time difference and gNB Rx – Tx time difference based on SRS for positioning and does not support the time difference based on SRS for other purposes. In our view, in the IIoT scenario where the coverage is not a major issue and UE is expected to be positioned by nearby base stations, other SRSs not optimized for the purpose of positioning can also be used to reduce the overhead from UE/network and the UE power consumption for RTT.
In summary, we have the following proposal regarding enhancement to measurements.
Proposal 3: The enhancement of measurement should include studying
Multi-path measurements associated with angle/power measurements
NLOS/LOS identification
CSI measurements
Rx/Tx diversity based reporting
E-CID enhancement to incorporate AOA and RTT measurement based on the serving gNB(s).
Use of SRS configured by SRS-Resource for multi-RTT

Enhancement to physical layer procedure
UE procedure for receiving PRS
Reserving a large portion of time-frequency resources for PRS from gNB perspective in IIoT scenario seems inefficient. Multiplexing PRS with other DL reference signal intended for the same UE or different UEs can reduce latency. An issue for enabling flexible PRS multiplexing with other signals/channels that needs to be solved is how to indicate to the UE that some resources are not available for PRS for both the serving cell and neighbouring cells because a single RE should typically be used for one signal/channel. 
Rel-16 only supports periodic PRS whose transmission/reception schedule is pre-arranged. Normally, when UE receives the assistance data from the LMF, it has to wait for the next transmission occasion of the PRS which causes a possible queuing delay. Aperiodic PRS can solve this issue by scheduling PRS from the serving cell particularly for the UE in a timely manner to reduce the physical layer latency.
Proposal 4: The enhancement of UE procedure of receiving PRS should include studying
Flexible PRS multiplexing with other signals/channels
Aperiodic PRS from the serving cells.

UE procedure for transmitting SRS
In Rel-16, closed-loop power control is not supported for SRS for positioning which means that the power of SRS for positioning is not subject to any TPC command. This results in inflexibility and potential interference within the serving cell. As such, we believe that supporting closed loop power control should be studied in Rel-17. In some cases it may not be feasible to update the SRS power control adjustment state based on TPC command values in a DCI. For instance, the TPC message needs to be originated from the target neighbouring cell. In such cases, closed loop power control may be disabled in SRS configuration.
It is also likely that Rel-16 will not support aperiodic SRS, considering that RAN3 is heavily loaded. In addition, the triggering/update mechanism between LMF and NG-RAN with respect to SP-SRS may not be optimized. Thus, enhancement to triggering/update mechanism for non-periodic SRS can be studied in Rel-17.
Proposal 5: The enhancement of UE procedure of transmitting SRS should include studying
Closed-loop power control of SRS for positioning
Non-periodic SRS.

Aspects regarding RRC_IDLE/INACTIVE state positioning
As RRC_IDLE/INACTIVE state positioning attracted much attention during the RAN email discussion, we provide our view regarding the potential enhancements to enable positioning in RRC_IDLE/INACTIVE state: 
UL RS
· Usage of PRACH during RRC_IDLE/INACTIVE state
· Transmission of SRS during RRC_INACTIVE state
Measurements
· Measurements of DL PRS during RRC_IDLE/INACTIVE state
· Report in RRC_INACTIVE state for the measurements based on DL PRS 
Physical layer procedure
· UE procedure regarding transmission of UL signals/channels in IDLE/INACTIVE state
Based on our understanding, measurement of DL PRS during RRC_IDLE/INACTIVE state should be prioritized considering very minor RAN1/RAN2 specification impact. Measurement reporting in RRC_INACTIVE state should follow the mechanism in Rel-17 for small data transmission.
For transmission of UL signals/channels in RRC_IDLE/INACTIVE state, the details should be studied.
Proposal 6: Support measurement of DL PRS during RRC_IDLE/INACTIVE state, and study the mechanism regarding transmission of UL signals/channels in RRC_IDLE/INACTIVE state.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we present our views on the NR positioning enhancement. Based on the discussion, we have the following proposals:
Proposal 1: The enhancement of PRS should include studying
Partial staggering and non-staggering PRS RE mapping
Simultaneous reception of PRS along with other signals/channels.
Proposal 2: The enhancement of SRS should include studying
Partial staggering and non-staggering SRS RE mapping
A new cyclic shift pattern considering staggering
Proposal 3: The enhancement of measurement should include studying
Multi-path measurements associated with angle/power measurements
NLOS/LOS identification
CSI measurements
Rx/Tx diversity based reporting
E-CID enhancement to incorporate AOA and RTT measurement based on the serving gNB(s).
Use of SRS configured by SRS-Resource for multi-RTT
Proposal 4: The enhancement of UE procedure of receiving PRS should include studying
Flexible PRS multiplexing with other signals/channels
Aperiodic PRS from the serving cells.
Proposal 5: The enhancement of UE procedure of transmitting SRS should include studying
Closed-loop power control of SRS for positioning
Non-periodic SRS.
Proposal 6: Support measurement of DL PRS during RRC_IDLE/INACTIVE state, and study the mechanism regarding transmission of UL signals/channels in RRC_IDLE/INACTIVE state.
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Appendix
[bookmark: _Toc493104220][bookmark: _Toc20320123][bookmark: _Toc20340142]7.6.x	Explicit wall reflection model
In case the wall reflection shall be modelled explicitly, the procedure defined in 7.6.8 should be modified assuming the wall is “the ground” in the rotated local coordinate system given by the following coordinate transform matrix . The exemplary LCS setup is shown in Figure 21 and Figure 32.
	[bookmark: OLE_LINK1]Orientation of the Wall (perpendicular to the ground)
	R:  where  is the Cartesian representation in GCS, and  is that in LCS
	Comments (equivalent LCS transform using bearing , downtilt , and slant )
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[bookmark: _Ref30090722]Figure 2 Illustration of LCS rotation to treat wall as “ground” to reuse ground reflection ()
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[bookmark: _Ref30090727]Figure 3 Illustration of LCS rotation to treat wall as “ground” to reuse ground reflection ()
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