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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, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15

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, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)

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



In this contribution, we present our views on various aspects of UL reference signals for positioning, including the configuration and transmission of SRS, number of symbols and mapping pattern, and BWP configuration of UL positioning reference signals. 
2. Discussion on UL PRS design
2.1. Configuration of UL SRS for Positioning
It was agreed to enhance SRS for the positioning purpose. There was discussion on defining a new dedicated usage for SRS resources configured for positioning.  In release 15, four SRS usages were defined: beamManagement, codebook, noncodebook and antennaSwitching. Each SRS source set is configured with one of those usage values.  Different SRS resource sets with different usage has different use case. The SRS resources in set configured for codebook or non-codebook are used for PUSCH transmission, which provide the reference of precoder and transmit beams for the PUSCH transmission. Specifically, for codebook-based PUSCH transmission, the SRI field in the scheduling DCI indicates one SRS resource from the SRS resource set configured with usage = codebook and for noncodebook-based PUSCH transmission, the SRI field in the scheduling DCI indicates one of a few SRS resources from the SRS resource set configured with usage = noncodebook.  The SRS resource set configured for antennaSwitching is used to obtain DL CSI and the configuration of SRS resources in the set is based on the UE capability supportedSRS-TxPortSwitch reporting.  In contrast to the SRS resources configured in set with other usage, the SRS configured for port switching has special assumption on antenna ports across SRS resources in the same set, for example, for 2T4R, two SRS resources with two ports are configured in the set and the SRS port pair of the first resource is associated with different UE antenna port pair that the SRS port pair of the second resource in the same set. For the SRS sets configured for beam management, the special design is SRS resources in different sets may be transmitted simultaneously but different SRS resources in the same set can be transmitted simultaneously. The reason for that is the SRS configured for beam management is used to implement uplink beam sweeping.
The SRS for positioning has different designs. We have agreed that the SRS transmission for positioning is mapped with staggered pattern. In contrast, the SRS transmission specified in release 15 does not use triggered pattern and in each SRS resource, the SRS transmission is mapped to same set of subcarriers within the repetition OFDM symbols. The power control on SRS for positioning shall consider the path loss between a neighbor cell while the power control on SRS specified in release 15 for other usage only considers the path loss between the serving cell and the UE. Therefore, it seems it makes sense to define a new usage value for the SRS used for positioning and configure the SRS resource set with usage set to ‘positioning’. However, on the other hand, if the special design on SRS for positioning can be specified by other RRC signaling parameter, explicit configuring a usage = ‘positioning’ is not necessary. The staggered mapping pattern in SRS resource for positioning can be implemented by one RRC parameter in RRC parameter SRS-Resource. And the power control for SRS for positioning can be configured through power control parameter in RRC parameter SRS-Resource too: for example in RRC parameter SRS-Resource configuring SRS resource for positioning, we can provide the power control parameters (, ) and path loss reference signal for serving cell and neighbor cell. 
Proposal 1: As long as the special design of SRS for positioning can be clearly provided in RRC parameter SRS-Resource, defining new usage for positioning is not necessary.
2.2. Periodic SRS transmission
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. 
Proposal 2: For Periodic SRS transmission：it is configured through RRC by the serving cell and the configuration is 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 3: The gNB can use MAC-CE to mute and un-mute the transmission of periodic SRS transmission for positioning purpose.
2.3. Semi-persistent and Aperiodic SRS transmission
In contrast to periodic SRS transmission, semi-persistent SRS and aperiodic SRS transmission is transmitted only when it is needed. Thus, the always-one transmission is removed, and the resource efficiency is improved. It can also reduce the UE power consumption. The SRS for positioning is transmitted only when the positioning service need it. Thus, we shall support semi-persistent SRS and aperiodic SRS transmission for UL RSTD measurement. About 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.
[bookmark: _Hlk16285595]Proposal 4: Support semi-persistent SRS transmission for UL RSTD measurement:
· Parameters of semi-persistent SRS for positioning are configured through RRC by the serving cell and activated/deactivated by the serving cell. The serving cell shares the RRC configuration and MAC activation/deactivation schedule information with neighbor cells.

[bookmark: _Hlk16285641]Proposal 5: Support aperiodic SRS transmission for UL RSTD measurement:
· Parameters of aperiodic SRS transmission are configured through RRC by the serving cell and triggered by the serving cell. The serving cell shares the RRC configuration and triggering schedule with neighbor cells.
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 6: In an aperiodic SRS set for positioning purpose, the SRS resources can be transmitted in different slot.
2.4. SRS symbols
The number of OFDM symbols configured in one SRS resource was extended from {1, 2, 4} to {1, 2, 4, 8, 12} for the purpose of positioning to increase the capability of multiplexing orthogonal UEs. One FFS point is whether to support other values including 3/6/14 in addition. In our view, the use cases for 3, 6, and 14 OFDM symbols in one SRS resource can be covered by the numbers being agreed yet. Therefore, there is no strong motivation to support more values. Regarding the comb sizes, since one SRS resource can be configured with up to 12 symbols, comb size 12 shall be supported.
[bookmark: _Hlk16285943]Proposal 7: Support comb size 12 for SRS for positioning purpose and do not additionally support other values of number of OFDM symbols.
2.5. Mapping Pattern of SRS
In RAN1#97, we made agreement to support staggered pattern in an SRS resource for positioning. In release 15, the SRS rescore is configured with a repetition factor R and number of symbols Ns. Each of the antenna ports of SRS resource is mapped to the same set of subcarriers within each R adjacent OFDM symbols and then is mapped to another subband according to the frequency hopping configuration but with same comb value. The SRS resource for positioning shall follow the same structure with repetition factor and frequency hopping.  The staggered pattern is implemented within R adjacent symbols and then the same staggered pattern in next R adjacent symbols but in another frequency-domain subband.  An example of SRS resource with R = 4 and Ns = 8 is shown in Figure 4.
[image: ]
Figure 1
As shown in Figure 1.  SRS is mapped in the first 4 symbols with comb offset 0, 1, 2 and 3, respectively in the first subband and then in the next 4 symbols, the SRS is mapped with the same comb offset pattern but in another subband.
With a staggered pattern, different transmission comb values are used for SRS mapping on different symbols within one SRS resource. One method to implement that is a transmission comb value is configured to the first OFDM symbol and then the transmission comb values for other symbols are determined based on a predefined rule, for example, a cyclic shift sequence starting with the offset configured to the first symbol, as shown in Figure 1. However, that method might not work well in NR system due to the following reasons:
· NR system supports flexible numerology. 5 subcarrier spacing configurations are supported.  The SRS transmission from different UEs in same or different cell could use different subcarrier spacings.  A predefined staggered pattern cannot resolve interference between SRS resources with different subcarrier spacing and OFDM symbol length.
· Both the number of OFDM symbols and the starting symbol of one SRS resource is configurable. Two SRS sources could overlap in partial of the allocated OFDM symbols.    One SRS resource could have overlapped symbol with two or even more SRS resource. Furthermore, they could use different subcarrier spacing and symbol length.  The consequence is a predefined staggered pattern cannot resolve the interference between SRS resource with flexible number of OFDM symbols and starting symbol.
Therefore, we propose that transmission comb offset on each OFDM symbol for a staggered pattern is configurable. The serving cell can properly configure the transmission comb offset for each OFDM symbol in a SRS resource for positioning according to the collaboration between cells to reduce the interference between SRS resources. 
[bookmark: _Hlk16285987]Proposal 8: In an SRS resource for positioning purpose:
· Configure repetition factor R ≤ Ns
· Staggered pattern is implemented within R consecutive symbols and then the same staggered pattern is repeated in next R consecutive symbols but in different subband
· Comb offset pattern in configurable.
2.6. BWP Operation of SRS
Regarding the BWP for SRS for positioning, two options were discussed: Option 1 is SRS is only in the active UL BWP and Option 2 is the SRS for positioning can be configured in a BWP that may be different from the active BWP. As specified in release 15, a UE can be configured with up to 4 UL BWPs in a serving cell.  But each serving cell has only one active UL BWP and the active UL BWP can be dynamically switched.  In our view, the specification of BWP operation for SRS transmission is enough for SRS for positioning purpose. The configuration of SRS for positioning shall follow the specification in release 15. There is no clear motivation to support SRS in different BWP with different bandwidth. It is generally true that higher bandwidth would deliver better timing estimation. However, the SRS transmission is power-limited transmission. Increasing the bandwidth of SRS would reduce the transmission energy per SRS RE. The SRS for positioning is targeted for multiple neighbor cells and the transmission distance is much more challenging than other uplink signals. Therefore, it does not make sense to transmit the SRS for positioning with a larger bandwidth than that of the active UL BWP.
[bookmark: _Hlk16286077]Proposal 9: The SRS resource for positioning is configured in an active UL BWP, as the SRS resources configured for other purpose in release 15.

3. Conclusion
In this contribution, we presented our views on various aspects of SRS for positioning purpose, including the configuration and transmission of SRS, number of symbols and mapping pattern, and BWP configuration of SRS. Based on the discussion, the following proposals are provided:
Proposal 1: As long as the special design of SRS for positioning can be clearly provided in RRC parameter SRS-Resource, defining new usage for positioning is not necessary.
Proposal 2: For Periodic SRS transmission：it is configured through RRC by the serving cell and the configuration is shared with neighbor cells.
Proposal 3: The gNB can use MAC-CE to mute and un-mute the transmission of periodic SRS transmission for positioning purpose.
Proposal 4: Support semi-persistent SRS transmission for UL RSTD measurement:
· Parameters of semi-persistent SRS for positioning are configured through RRC by the serving cell and activated/deactivated by the serving cell. The serving cell shares the RRC configuration and MAC activation/deactivation schedule information with neighbor cells.
Proposal 5: Support aperiodic SRS transmission for UL RSTD measurement:
· Parameters of aperiodic SRS transmission are configured through RRC by the serving cell and triggered by the serving cell. The serving cell shares the RRC configuration and triggering schedule with neighbor cells.
· Proposal 6: In an aperiodic SRS set for positioning purpose, the SRS resources can be transmitted in different slot.
Proposal 7: Support comb size 12 for SRS for positioning purpose and do not additionally support other values of number of OFDM symbols.
Proposal 8: In an SRS resource for positioning:
· Configure repetition factor R ≤ Ns
· [bookmark: _GoBack]Staggered pattern is implemented within R consecutive symbols and then the same staggered pattern is repeated in next R consecutive symbols but in different subband
· Comb offset pattern in configurable.
Proposal 9: The SRS resource for positioning is configured in an active UL BWP, as the SRS resources configured for other purpose in release 15.
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