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1. Introduction
WID of NR positioning support [1] includes the following objects for DL signal-based petitioning from RAN1 perspective:
	Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning


Pertinent agreements related with UL positioning reference signal made so far are summarized as:
	Agreement:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration

Agreement:
SRS transmissions for positioning are realized with staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· FFS: construction of the pattern inside the SRS resource structure

Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset  range of {0,1,…,13}.

Agreement:
For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options

Agreement:
For positioning purposes, with regard to UL Beam management/alignment towards serving and neighbouring cells, consider one or more of at least the following options:
· Option 1:  Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· FFS: Which Reference DL RS can be used (e.g., SSB/CSI-RS/DL-PRS).
· Option 2: Support UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources.
· Option 3: The Tx beam is fixed for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS: How the fixed beam is selected
Agreement:
· The RE pattern of an SRS resource for positioning is configured with a comb offset for the first symbol in an SRS resource. 
· The relative RE offsets of following symbols are defined relative to the comb offset of the first symbol in the SRS resource. 
· A relative RE offset of each of the following symbols is derived from the configured number of symbols for an SRS resource, the comb size for the SRS resource and the SRS symbol index within the SRS resource.
· FFS: The use of the following for deriving the relative offset in addition to the above
· A configurable number of consecutive symbols with the same offset
· Repetition factor
· No additional parameters will be considered

Agreement:
An SRS resource for positioning can contain multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource. Select at least one of the following options
· Option 1: with G consecutive Res. FFS total number of symbols with respect to comb size
· Option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size
· Note: This does not preclude partial or full staggering which needs to be further discussed
Agreement:
The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are given in the table below. At least one pattern for each pair are to be selected from the following options:
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	FFS: {0, 1, 0, 1} and/or {0, 0, 1, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	FFS: {0,2,1,3} and/or {0,1,2,3}
and or {0,2,3,1}
	FFS: {0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	FFS: {0,2,1,3, 0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

	8
	N/A
	N/A
	N/A
	FFS: {0,4,2,6,1,5,3,7} 
and/or {0,4,1,5,2,6,3,7}
and/or {0,1,2,3,4,5,6,7} 
and/or {0,4,6,2,5,7,3,1}

	N/A



Agreement:
· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell
· The aperiodic SRS for positioning is triggered by a DCI
· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
· The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups


In this contribution, we present our views on various aspects of UL reference signals for positioning, including the configuration and transmission of SRS and RE mapping pattern. 
Design of SRS 
It was agreed to support repetition of RE mappings in an SRS resource when the number of symbols is larger than Comb size and two options were identified [2].  For the SRS for the purpose of positioning, the supported Comb sizes are 2/4/8 and the number of symbols in one SRS resource can be 1/2/4/8/12. The cases of number of symbols being larger than the Comb size are:
· Comb size = 2 and number of symbols = 4
· Comb size = 4 and number of symbols = 8 or 12.
For the above cases, the RE mapping patterns on the first 2 or 4 symbols can be repeated two or three times within one SRS resource. Therefore, it is preferred to support option 2.
Proposal 1: When the number of symbols is larger than the comb size, the RE mapping pattern is cyclically repeated. 
For the combination of Comb size 2/4/8 and number of symbols 1/2/4/8/12 in one SRS resources, some RE mapping patterns were agreed in last meeting and the RE mapping pattern for some cases are FFS.
For the configuration of Comb size = 2 and symbol number = 4: we shall support the RE mapping pattern {0, 1, 0, 1}, i.e., the RE mapping pattern of Comb size 2 is repeated within one SRS resource.
Proposal 2: Support RE mapping pattern {0, 1, 0, 1} for Comb size = 2/number of symbols = 4.
For the configuration of Comb size = 4 and symbol number = 4, three alternatives are listed for further study. In our view, we shall support the RE mapping pattern {0, 1, 2, 3}. The technical merit for choosing this RE mapping pattern is the interference between two SRS resources with full or partial overlapping does not cause interference to each other. In contrast, the RE mapping patterns {0, 2, 1, 3} and {0, 2, 3, 1} would cause interference to each other between two SRS resource with partial symbol overlapping. 
To illustrate the interference issue of using RE mapping pattern{0, 2, 1, 3}, let us consider one example of two SRS resources with partial symbol overlapping. A SRS resource #A is configured with Comb-4/number of symbols = 4, initial RE offset = 0 and starting symbol =  and  a SRS resource #B is configured with Comb-4/number of symbols = 4, initial RE offset = 1 and starting symbol = .  Based on this configuration, we can observe that:
1) The RE offsets for SRS resource #A on symbols  are 0, 2, 1, and 3.
2) The RE offsets for SRS resource #B on symbols  are 1, 3, 2 and 0.
3) We can observe that SRS resource #A and #B overlap on RE offset 2 on symbol .
4) The consequence the capacity of SRS resources is reduced because the system cannot configure PRS resource #B with initial RE offset = 1 to avoid the interference on symbol 
To illustrate the interference issue of using RE mapping pattern {0, 2, 3, 1}, let us also consider an example of two SRS resources with partial overlapping. A SRS resource #A is configured with Comb-4/number of symbols = 4, initial RE offset = 0 and starting symbol =  and a SRS resource #B is configured with Comb-4/number of symbols = 4, initial RE offset = 2 and starting symbol = .  Based on this configuration, we can observe that:
1) The RE offsets for SRS resource #A on symbols  are 0, 2, 3, and 1.
2) The RE offsets for SRS resource #B on symbols  are 2, 0, 1 and 3.
3) We can observe that SRS resource #A and #B overlap on RE offset 2 on symbol .
4) The consequence the capacity of SRS resources is reduced because the system cannot configure PRS resource #B with initial RE offset = 2 to avoid the interference on symbol 
In summary, using {0, 2, 1, 3} or {0, 2, 3, 1} could cause interference between two SRS resources with partially overlapped symbols, while {0, 1, 2, 3} does not.
 Proposal 3: Support RE mapping pattern {0, 1, 2, 3} for Comb size = 4/number of symbols = 4.
For the configuration of Comb size = 4 and symbol number = 8/12: we shall support the RE mapping pattern {0, 1, 2, 3, 0, 1, 2, 3} and {0, 1, 2, 3, 0, 1, 2, 3, 0, 1, 2, 3}
Proposal 4: Support RE mapping pattern {0, 1, 2, 3, 0, 1, 2, 3} and {0, 1, 2, 3, 0, 1, 2, 3, 0, 1, 2, 3} for Comb size = 4 and number of symbols = 4/8.
For configuration of Comb size = 8 and symbol number = 8, four alternatives of RE mapping patterns were identified. Due to the same reason of Comb size = 4, we shall support the RE mapping pattern {0, 1, 2, 3, 4, 5, 6, 7}, which can avoid interference between any two SRS resources that fully or partially overlap in time domain. The other three alternatives could cause interference to SRS resources that partially overlap in time domain. Particularly, if we adopt any one of the other three alternatives, two SRS resources with Comb size 8 and number of symbols = 8 but with different starting symbols could cause interference to each other on some symbol within the SRS resource. 
Proposal 5: Support RE mapping pattern {0, 1, 2, 3, 4, 5, 6, 7} for Comb size = 8 and number of symbols = 8.
Configuration of SRS
We have agreed to support all types of transmission configuration of SRS for positioning: periodic, semi-persistent and aperiodic transmission.  For periodic SRS for positioning, the configuration is provided to the UE through RRC by the serving cell. The periodicity and slot offset are configured through RRC. The serving cell shall share the configuration of periodic SRS for positioning with neighbor cells through NR location server. 
For the semi-persistent SRS for positioning purpose, the configuration is provided to the UE through RRC by the serving cell. But the transmission is dynamically activated and deactivated through MAC-CE message from the serving cell. For aperiodic SRS for positioning, the configuration is provided to the UE through RRC too and each individual transmission is trigged by the serving cell through a DCI. The configuration parameters of semi-persistent and aperiodic SRS configured by RRC shall be shared with neighbor cells. The transmission chance for semi-persistent and aperiodic SRS shall be shared with neighbor cells too so that the neighbor cell can properly receive and perform UL-RTOA. Therefore, before activating/deactivating a semi-persistent SRS transmission for positioning and triggering an aperiodic SRS for positioning, the serving cell share the transmission information with neighbor cells.
Proposal 6: The SRS resource for positioning is configured through RRC by the serving cell and the configuration and activation/deactivation/triggering are shared with neighbor cells.
The transmission of SRS for positioning is needed only when the location service is launched. Therefore, when location service is not used, the transmission of SRS for positioning is waste of physical layer resource and also causes extra UE power consumption. Considering the UE would use higher Tx power on SRS for positioning so as to reach neighbor cells, the power waste on SRS for positioning would be greater than other uplink signals. Periodic SRS transmission is configured through RRC signaling. Using RRC signaling to re-configure the SRS would cause heavy signaling overhead and latency.  The serving gNB can use MAC-CE to mute the transmission of periodic SRS for positioning temporally when location service does not need SRS transmission for positioning and then un-mute it when location service needs the transmission. Furthermore, temporally muting the SRS transmission for positioning when it is not needed can reduce the interference. 
[bookmark: _Hlk16285458]Proposal 7: The gNB can use MAC-CE to mute and un-mute the transmission of periodic SRS transmission for positioning purpose.
In last meeting [2], we agreed to support using DCI to trigger SRS for positioning. In release 15, all the SRS resources in one aperiodic SRS resource set shall be transmitted in the same slot. However, such limitation shall not be applied to SRS resource set for positioning. Firstly, SRS resource for positioning purpose can occupy more OFDM symbols than SRS resource for other purpose. We have agreed to add the number value 8 and 12 for positioning in RAN1#97.  With 8 or 12, there can be only at most one SRS resource in one slot. Therefore, multiple slots would be needed to accommodate the SRS resources in an SRS resource set for positioning purpose. Secondly, the SRS resource for positioning purpose is supposed to be received by multiple neighbor cells. To reach neighbor cells located at different directions in FR2 system, we generally need multiple SRS resources to sweep the Tx beams to different directions. To reach enough number of neighbor cells for good UL-TDOA performance, enough SRS resources in the set for positioning are necessary to support beam sweeping operation to cover all the directions where the neighbor cells are located. Therefore, the number of SRS resources in the set for positioning are expected to be large. Limiting all the SRS transmission in the same slot would restrict the supportable number greatly. Therefore, we propose to allow the SRS transmission of different SRS resources in an aperiodic SRS resource set for positioning to be transmitted in different slot upon one triggering.
[bookmark: _Hlk16285848]Proposal 8: In an aperiodic SRS set for positioning purpose, the SRS resources can be transmitted in different slot.
2. Conclusion
In this contribution, we presented our views on various aspects of SRS for positioning purpose, including the configuration and transmission of SRS, and mapping pattern. Based on the discussion, the following proposals are provided:
Proposal 1: When the number of symbols is larger than the comb size, the RE mapping pattern is cyclically repeated. 
Proposal 2: Support RE mapping pattern {0, 1, 0, 1} for Comb size = 2/number of symbols = 4.
Proposal 3: Support RE mapping pattern {0, 1, 2, 3} for Comb size = 4/number of symbols = 4.
Proposal 4: Support RE mapping pattern {0, 1, 2, 3, 0, 1, 2, 3} and {0, 1, 2, 3, 0, 1, 2, 3, 0, 1, 2, 3} for Comb size = 4 and number of symbols = 4/8.
Proposal 5: Support RE mapping pattern {0, 1, 2, 3, 4, 5, 6, 7} for Comb size = 8 and number of symbols = 8.
Proposal 6: The SRS resource for positioning is configured through RRC by the serving cell and the configuration and activation/deactivation/triggering are shared with neighbor cells.
Proposal 7: The gNB can use MAC-CE to mute and un-mute the transmission of periodic SRS transmission for positioning purpose.
Proposal 8: In an aperiodic SRS set for positioning purpose, the SRS resources can be transmitted in different slot.
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