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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:
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
[bookmark: OLE_LINK1]Agreement#2:
[bookmark: OLE_LINK2]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


Yet some remaining issues are still need to be further discussed, in this paper we provide our opinion towards UL SRS for positioning.
Discussion
SRS frequency hopping
For SRS frequency hopping, a working assumption was achieved as follow:
Working assumption,
Frequency hopping of SRS for positioning is not supported.
In order to obtain power boosting and increase UL coverage, frequency hopping in different symbols are used in LTE and NR Rel-15. However, for UL  SRS for positioning, using staggered pattern with larger comb size has the similar role of frequency hopping. The staggered pattern maybe  cover the full bandwidth if the number of symbols in the SRS resource is large than or equal to  the comb sizes .Thus, the use of frequency hopping on a staggered comb SRS transmission is redundant.
Proposal 1: Confirm the working assumption, i.e. frequency hopping of SRS for positioning is not supported.
 RE Offsets
For positioning, it is agree that  the comb sizes of  UL SRS resource can be (2,4,8) and the number of symbols in the SRS resource can be (1,2,4,8,12). 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 agreed in RAN1#98bis[3]. But some relative RE offsets is still FFS. To suppress the sidelobes caused by different cyclic shifts between adjacent symbols. It is better to choose the case with large cyclic shifts between adjacent symbols. The RE offset for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are showed in Table 1.
Table 1 RE offset for SRS
	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
	N/A
	{0,4,1,5,2,6,3,7}
	N/A



Proposal 2: Support Table 1 as the RE offset for SRS positioning. 
RRC configuration or LPP
The general LTE UTDOA procedure is illustrated in Figure 2.3-1:
[image: ]
Figure 2.3-1: 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 previous 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 2.3-2:
[image: ]
Figure 2.3-2 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 3: 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 4: Neighbouring cells’ DL path loss RS for positioning should be configured to UE either by LMF or serving gNB.
The whole procedure is as figure 2.4-1, 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. 
[image: ]
Figure 2.4-1 power control for UL SRS
Proposal 5: Only report PL RS can be configured as spatial relation information.
Conclusion
Based on our study, the following proposals are proposed:
Proposal 1:  Confirm the working assumption, i.e. frequency hopping of SRS for positioning is not supported.
Proposal 2: Support Table 1 as the RE offset for SRS positioning. 
Proposal 3: Keep SRS configuration for positioning in RRC. Study whether LPP can also capture the configuration. 
Proposal 4: Neighbouring cells’ DL path loss RS for positioning should be configured to UE either by LMF or serving gNB.
Proposal 5: Only report PL RS can be configured as spatial relation information.
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