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Introduction
In RAN#83, NR positioning WID was approved [1] to specify solutions to enable RAT dependent(for both FR1 and FR2) and RAT independent NR positioning techniques, one objective on UL positioning methods is as follows:
“Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA”
After several times of online discussion,  some agreements were achieved:
Agreement#1:
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#2:
Conclusion:
No additional comb sizes for SRS for positioning purposes will be introduced in Rel-16 beyond those already agreed.
Conclusion:
No additional number of symbols per SRS resource other than the values already agreed is supported

Agreement#3:
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#4:
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
Yet some remaining issues are still need to be further discussed, in this paper we provide our opinion towards UL SRS for positioning.
Discussion
Usage
Whether to support a new usage of SRS is not agreed yet. In Rel-15, the higher layer parameter usage is configured per SRS resource set, the candidate values include beamManagement, codebook, nonCodebook, antennaSwitching. 
According to our understanding, a new usage of SRS with some modification is enough for positioning and nearly costs nothing. The main concern with such new usage of SRS is that sometimes the SRS may not be used purely for positioning. In our view, this problem can be solved by configuring two usages for one SRS set. So we propose to agree one new candidate value of higher layer parameter usage per SRS resource set, i.e. positioning. Otherwise, one of the current usages, e.g. beamManagement  should be used for positioning if SRS for positioning is configured by RRC signaling. That’s because the higher layer parameter of usage is mandatory configured. Then some of SRS resource sets configured with beamManagement are actually for positioning rather than for beam management, but UE doesn’t know this information. However,  this will cause incorrect UE behavior as the following rule for SRS for beam management should be satisfied based on current 38.214. Likewise, other usages, like codebook, nonCodebook, antennaSwitching, are also hard to be reused for positioning because the number of ports, SRS precoder, power control, etc. may not be the same between positioning and others.
----------------------------------------38.214---------------------------------------
When the higher layer parameter usage is set to 'beamManagement', only one SRS resource in each of multiple SRS sets may be transmitted at a given time instant, but the SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted simultaneously.
----------------------------------------------------------------------------------------
Proposal 1: Introduce a new usage, i.e. ‘positioning’ per SRS resource set.
Configuration
Different with DL, UL SRS transmission needs to consider more about UE transmission power, UE capability for bandwidth, numerology. Specifically, the maximum transmission bandwidth is aligned with the BWP which is configured UE for data transmission. So SRS cannot be transmitted outside the active UL BWP.
Proposal 2: SRS is configured within the active UL BWP.
The current minimum granularity of SRS configuration in frequency domain is 4 PRB which include 4x12=48 subcarriers. If comb 8 is used as the agreement, only 6 REs are used for SRS transmission. Fortunately, the current SRS sequence design is based on ZC sequence and CGS in which the granularity is also 6. Then, the new SRS sequence is not needed. Because of only 6 REs in one SRS unit, the maximum number of cyclic shifts can only be 6, 3, 2 or 1. In order to maximize the SRS capacity, we support 6 as the maximum number of cyclic shifts for comb 8. For comb 2, and 4, the values of Rel-15 can be reused. 
Proposal 3: Support 6 as the maximum number of cyclic shifts for comb 8. 
· Rel-15 SRS sequence is reused. 
RRC configuration or LPP
The general LTE UTDOA procedure is illustrated in Figure 1:
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Figure 1: LTE UTDOA procedure
1. The E-SMLC sends an Information Request message indicating to the eNodeB the need to invoke periodic SRS  for target UE. The E-SMLC may provide the eNB with a number of SRS transmissions. 
2. The eNodeB determines the resources to be allocated for the UE and sends an Information Response to the E-SMLC that includes the allocated resources and the associated parameters. 
3. If in step 2 the eNodeB determines that resources will be allocated, the eNodeB then allocates the resources to the target UE.
4. The E-SMLC selects a set of LMUs to be used for the UTDOA positioning and sends a measurement request with the SRS configuration to each one of them (via SLm).
5. LMUs report back to E-SMLC the uplink measurement reports.
During last meeting, there were some companies who wanted to move the SRS configuration function from RRC to LPP for positioning. The RRC is involved in UL positioning procedure in step 3, the eNodeB configure the SRS information through RRC. If it was in LPP, the procedure is generally as illustrated in Figure 2:
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Figure 2 UL TODA procedure with SRS configured in LPP
According to our understanding, this modification bring no much benefit. Under this procedure, it is obvious that the SRS configuration is transmitted twice, both signal overhead and latency are added. Meanwhile, the gNB has the right of final decision on SRS resource allocation, it may change when other service with higher priority increases, through RRC, this adjustment can be transmitted more instantly. At last, sometimes the SRS may be reused for other purpose besides positioning. If it is added in LPP, then such SRS configuration would be transmitted twice, which is totally unnecessary. The advantage to capture it in LPP may be that when the UL SRS configurations were stable within a certain area, by LPP the UE can get SRS configuration of many cells, and do not need to be configured again when it moves across different cell, but considering a high-accuracy requirement would always need much resource allocation, whether ideal UL SRS resource allocation is possible need to be studied further. 
Proposal 4: Keep SRS configuration for positioning in RRC. Study whether LPP can also capture the configuration. 
 Power control towards neighbouring cells
On the transmission power of UL SRS for positioning, a basic agreement has been agreed:
Agreement:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.
To detect the DL reference signal of a neighbouring cell as DL path loss reference, some configuration information must be known in advance by the target UE. The information can include the type of RS to indicate whether it is DL PRS, a kind of CSI-RS or SSB, its sequence ID, sequence generation information, resource allocation and transmission power. This configuration can be configured from the LCS server as kind of assistance data, which is the easiest way with least specification modification, or it can also be configured by the serving cells with enhancement of inter-cell information exchange. 
Proposal 5:Neighbouring cells’ DL path loss RS for positioning should be configured to UE either by LMF or serving gNB.
The general idea is that the UE may use beam sweeping mode to transmit UL SRS for positioning, and different beam to different direction of course can target to different cells. The transmission power of each beam is related to its targeting cell, naturally different beam can use different transmission power since their target cell can be at different distance. Transmission power is decided according to the cell’s path loss RS receiving power, then the mapping between PL RS and SRS beam should be constructed. Since it is already agreed that staggered pattern should be realized within one resource and most likely that a SRS beam for positioning is corresponding to one SRS resource. 
Proposal 6:The transmission power should be configured per SRS resource for positioning.
Proposal 7: Path loss RS should be configured per SRS resource for positioning.
Another problem is how to choose the neighbouring cells’ path loss RS for a positioning session, to send all the PL RS of  all the neighbouring cells should clearly not be a choice. RRM measurements always exist for a active UE, and it can be used as kind of reference for neighbouring PL RS. This work can be done either by serving gNB or LMF. 
Proposal 8:Neighbouring cells’ PL RS for positioning should be selected by serving gNB or LMF.
The whole procedure is as figure 3, first, the SRS for positioning with some recommended PL RS are configured. But at the beginning, the gNB do not know which SRS resource is aiming at which cell. A couple of recommended PL RSs from all the possible neighbouring cells should be configured. But not all of them can be actually detected, for those who can be detected, the UE has a general idea of its direction and its origin gNB. The UE need to do the mapping between SRS resource and its target cell. For the first round of beam sweeping, the UE can adjust each beam’s power or direction according to the information of PL RS transmitting power from that direction. Then, UE can report this kind of mapping between the SRS resources and PL RS(neighbour cells). Then the neighbouring cells can detect the SRS and reconfigure the transmission power, this kind of information need to be transmitted to the serving cell. Then, with the mapping, it can configure different transmission power and certain PL RS as spatial relation information to different SRS resource, noting that now PL RS con be configured per SRS resource. When all these information are configured back to UE, the UE can modify each resource’s transmission power or transmission direction according to spatial relation. 
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Figure 3 power control for UL SRS
Proposal 9:Only report PL RS can be configured as spatial relation information.
Conclusion
Based on our study, the following proposals are proposed:
Proposal 1: Introduce a new usage, i.e. ‘positioning’ per SRS resource set.
Proposal 2: SRS is configured within the active UL BWP.
Proposal 3: Support 6 as the maximum number of cyclic shifts for comb 8. 
· Rel-15 SRS sequence is reused. 
Proposal 4: Keep SRS configuration for positioning in RRC. Study whether LPP can also capture the configuration. 
Proposal 5:Neighbouring cells’ DL path loss RS for positioning should be configured to UE either by LMF or serving gNB.
Proposal 6:The transmission power should be configured per SRS resource for positioning.
Proposal 7: Path loss RS should be configured per SRS resource for positioning.
Proposal 8:Neighbouring cells’ PL RS for positioning should be selected by serving gNB or LMF.
Proposal 9:Only report PL RS can be configured as spatial relation information.
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