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Introduction
For UL reference signals for NR positioning, the following agreements were made on the RAN1 #96bis meeting [1]:
Agreement:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration

Agreement:
For positioning, regarding the number of SRS symbols per resource, decide by RAN1#97 whether to increase the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4}. 
· If it is not decided to increase the number of SRS symbols per resource by RAN1#97, increasing the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4} will not be considered further after RAN1#97.

Agreement:
For positioning, regarding the possible SRS symbol locations per slot decide by RAN1#97 whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.

Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· 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
· [bookmark: _GoBack]Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.

In this contribution, we further discuss the design of NR UL reference signal for positioning, especially the identified issues in the feature lead summary [2].

Design of NR UL PRS signals
SRS usage for positioning
SRS configuration for positioning can take the same mechanism as the legacy SRS. An SRS resource set can comprise multiple SRS resources, and an SRS resource may include one or multiple OFDM symbols. For supporting the positioning, some enhancements in SRS, such as the transmission pattern, the number of symbols and/or the transmission bandwidth would be needed. The enhanced SRS configuration can be used for multiple purposes, including positioning and others depending on gNB configuration. When a UE is configured to transmit the enhanced SRS, the UE may not know and may not need to know all of the purposes of the SRS transmission. RAN1 specification mainly specifies UE behaviours. Defining the positioning specific SRS doesn’t help for specifying UE behaviours in SRS transmission. Hence, from the UE perspective, it is not necessary to define specifically define SRS usage for positioning.
[bookmark: p1]Proposal 1: Rel-16 SRS with possible enhancements for positioning can be used for multiple purposes. There is no need to define a new usage of SRS specifically for positioning.

SRS physical structure
Regarding the SRS structure, there are a few points to be determined. At least, it includes the following aspects:
· the number of SRS symbols within an SRS resource 
· SRS comb value
· the time and frequency location of SRS resources
· the number of SRS antenna port(s)
· the SRS sequence 

For the number of SRS symbols within an SRS resource, NR Rel-15 supported 1, 2, 4 symbols for different usages. In order to provide better measurement quantity for NR positioning, more symbols can be considered. For example, 6 and 8 symbols might be used. Also, it is linked to the comb number. When more symbols are configured with a resource, SRS density may be also be decresased. 

[bookmark: p2]Proposal 2: Consider supporting more than 4 SRS symbols in an SRS resource to achieve positioning performance improvement.

In DL PRS design, it has been demonstrated that a staggered pattern gets better performance than a non-staggered pattern [3]. Thus, in UL SRS design, we should also support the staggered pattern. There can be different ways to define the staggered patterns. For example, one method is to directly configure different subcarrier shifts for different SRS symbols within an SRS resource by the high-layer signaling. Another method is to pre-define the staggered pattern for an SRS resource in the physical layer specification, e.g., the subcarrier shifts of the SRS symbols depend on the sequence number of the SRS symbols. The former offers more configuration flexibility, but requires more bits in high-layer signaling to indicate the symbol-specific subcarriers offsets, and latter needs fewer or even no bits in high-layer signaling for the definition of the staggered patterns, but has less configuration flexibility. In principle, both methods are feasible. One of them should be supported.
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



[bookmark: _Ref5051969]Figure 1. SRS pattern for positioning
[bookmark: p3]Proposal 3: Support one of the following options of staggered SRS transmissions for positioning
· Define the SRS staggered pattern, i.e.,  the different offsets for different SRS symbols, of an SRS resource in the physical layer specification
· Support configuring the SRS staggered pattern, i.e.,  the different offsets for different SRS symbols, of an SRS resource through high-layer signalling

In Rel-15, SRS symbols are placed in the last symbols within a slot based on the consideration of the benefits of DL/UL coexistence in a slot, the facilitation of the PUSCH/PUCCH assignment, and the help in the UL interference avoidance. For Rel-16, when SRS for positioning is localized in the last N symbols, gNB can reserve the resources in those symbols for positioning and minimize the interference of other UL transmissions in neighbouring cells on the SRS receptions for guaranteeing positioning accuracy.

[bookmark: p4]Proposal 4: Configure SRS only in the last N symbols of a slot with N<=8.

For SRS antenna port configuration in positioning, it seems no need to support multiple ports. Due to transmission power limitation, more antenna ports will reduce the transmission power of a single antenna port. Meanwhile, the benefit of SRS transmission diversity for positioning is unclear. On the SRS sequence for positioning, currently it seems no strong motivation or no simulation result s to support the need to design new SRS sequence.

[bookmark: p5]Proposal 5: Reuse NR Rel-15 SRS sequence for positioning.

[bookmark: p6]Proposal 6: Support only a single antenna port for SRS resource configuration for positioning.


SRS bandwidth configuration 
The configuration for SRS transmission bandwidth should take many factors into account, such as UE transmission power, the bandwidth of the active BWP, the resource usage, the measurement accuracy, etc. NR already supports configurable SRS bandwidth for up to 272 RBs, much more flexible than LTE SRS bandwidth of up to 96 RBs. We don’t see the need to increase SRS transmission bandwidth larger than 272 RBs. In addition, only one UL BWP can be activated and UE can only carry out the UL transmission in the active BWP according to current specification. Thus, UE is not expected to transmit SRS for positioning outside the active BWP.
[bookmark: _Toc5113989][bookmark: _Toc5114013][bookmark: p7]Proposal 7: No enhancement is needed in terms of the SRS transmission bandwidth for NR positioning.

SRS resource configuration
Regarding the SRS transmission, it was agreed in RAN1#96bis that NR supports periodic, aperiodic, and semi-static SRS transmission for positioning. Other existing configurations for SRS transmission mode, such as the transmission offset, can also be reused for NR positioning.

[bookmark: _Toc5113985][bookmark: _Toc5114009][bookmark: p8]Proposal 8:  The existing configurations for SRS transmission mode and transmission offset can also be reused for NR positioning.  

SRS beam alignment and beam sweeping procedures

NR supports the transmission and the reception of multiple beams for all NR operation frequency bands. Rel-15 beam management mechanism is established mainly for the case with one single cell. The SRS signal transmitted from UE in an SRS resource may be in an omni-direction or in a beam direction. For supporting NR positioning, it requires multiple cells to receive the SRS signals from the UE. 
One option to support multiple cells to receive the SRS signals from the UE is based on the principle of the reciprocity, In this case, a UE will first measure DL reference signals (e.g., SSBs) of multiple cells and then transmit the SRS in the corresponding UL beam directions based on received DL Rx beams. For this procedure, UE is required to be able to detect multiple cell DL beams. 
Another option is not based on the principle of the reciprocity, but based on SRS beam sweeping. It does not require the UE to first detect the DL reference signals from multiple cells. In this option, the gNB can configure multiple SRS resources for a UE for supporting the UL beam sweeping. That is, the UE transmits the UL SRS to different UL beam directions according to the SRS configuration. gNBs will attempt to receive the SRS at the configured the SRS transmission duration without knowing exactly the UL Tx beam direction, i.e., the gNB Rx beams do not match the UE’s Tx beams. Configuring multiple resource or resource set with beam sweeping way can help different gNB to get expected UL beamformed SRS.

Regardless which option is used, the information related to the beam transmission direction and beamwidth of the DL and UL reference signals can be used to effectively improve the accuracy and performance of the UTDOA positioning system (e.g.,figure-2) 

[image: ]
[bookmark: _Ref534483618]  Figure-2. Illustration of the usefulness of beam information in gNB receiving SRS
3GPP has not defined the uplink positioning procedure yet. Here, we will use the procedure shown in Figure 3, which is similar to LTE UTDOA procedure, to explain the benefits of using the beam information for supporting the UL positioning. 

[image: ]
[bookmark: _Ref534481541]Figure 3. Illustration of UTDOA procedure
Steps in the UTDOA procedure:
1) The LMF sends first an Information Request message to the serving gNB to invoke periodic SRS for target UE. In this step, the LMF may determine which gNB needs to invoke periodic SRS for target UE, based on the location of the serving gNB and the direction of the serving beam, e.g., SS/PBCH block beam information; 
2) The serving gNB determines the SRS resources to be allocated for the UE. In this step, the gNB may determine the SRS configuration and resources to be assigned for the UE, based on the location of the serving gNB and the direction of the current serving beam;
3) The serving gNB sends an Information Response to the LMF that includes the allocated resources and the associated parameters;
4) The serving gNB then allocates the resources to the target UE;
5) The LMF determines which gNBs should be involved in the UTDOA positioning for the UE. In this step, the LMF may determine which gNBs need to participate in the UTDOA positioning, based on the on the location of the serving gNB and the direction of the current serving beam;
6) UE starts transmitting SRS according to SRS configuration;
7) The LMF sends a measurement request with the SRS configuration to the selected gNBs;
8) gNBs measure the SRS to obtain the UL RTOA measurements. In this step, the gNBs may decide when and in which direction to receive the UE SRS, for reducing the time and power consumption, and improve the measurement performance during the detection of the SRS, based on the on the location of the serving gNB and the direction of the current serving beam;
9) gNBs send back to LMF the uplink measurement reports;
10) LMF calculates the UE’s location based on the measurement reports. The LMF may also use the information of the serving beam (e.g., direction, beam width etc.) in the calculation of the UE location.
[bookmark: _Toc534641005][bookmark: _Toc1138837][bookmark: _Toc5113986][bookmark: _Toc5114010][bookmark: p9][bookmark: _Toc534641006]Proposal 9: The beam information of the DL reference signals (e.g., SSB, CSI-RS tec.) and UL reference signals (e.g., SRS) should be included in the messages exchanged between UE, gNBs, and LMF for supporting UL positioning based on SRS signals.

SRS resource coordination among neighbouring gNB
For UL positioning, the mutual interference of SRS transmissions among different cells is hard to predict. The UL positioning performance will suffer from the degraded SRS measurement accuracy caused by the mutual interferences. It is necessary to take additional steps to resolve the problem.
One simple method is to implement the UL muting in SRS transmission.  It means when one UE transmits the SRS on one certain resource, the neighbouring cell should reserve this resource. This method requires inter-gNB coordination, or enables LMF to coordinate the resource muting. It may cause additional resource overhead.
Another alternative is to implement orthogonal SRS resource assignment (Figure 4(a)) via a common orthogonal resource pool. The serving gNB and neighbouring gNBs should assign the SRS resource to UEs from the common orthogonal resource pool. This method also requires inter-gNB coordination, or enables LMF to define orthogonal SRS resource pool. Within this resource pool, each SRS resource is orthogonal in time, or frequency or code domain. 
The third method is enabling interference cancellation (Figure 4(b)). If a gNB during SRS reception is able to get the interfering signal resource information, the gNB can conduct the interference cancellation when there is a collision between the SRS transmissions from different UEs in difference cells, or between the SRS transmission from a UE and the transmission of other UL signals from other UEs. To conduct interference cancellation, the hearing gNB not only requires to get the resource configuration information for the SRS to be measured, but also the resource configuration information of the interfering SRS or other UL signals. SRS interference cancellation also requires the SRS resource information exchange among the gNBs and LMF.  

[image: ]                [image: ]
             Case a: orthogonal SRS resource assignment                          Case b: SRS interference cancellation
Figure 4.  SRS resource coordination among the gNB

[bookmark: p10]Proposal 10:  Support SRS resource coordination to achieve orthogonal SRS resource assignment and/or SRS interference cancellation.

Conclusion
In this contribution, we discussed the NR UL reference design for positioning purpose and made the following observation and proposals:
Proposal 1: Rel-16 SRS with possible enhancements for positioning can be used for multiple purposes. There is no need to define a new usage of SRS specifically for positioning.
Proposal 2: Consider supporting more than 4 SRS symbols in an SRS resource to achieve positioning performance improvement.
Proposal 3: Support one of the following options of staggered SRS transmissions for positioning
· Define the SRS staggered pattern, i.e.,  the different offsets for different SRS symbols, of an SRS resource in the physical layer specification
· Support configuring the SRS staggered pattern, i.e.,  the different offsets for different SRS symbols, of an SRS resource through high-layer signalling
Proposal 4: Configure SRS only in the last N symbols of a slot with N<=8.
Proposal 5: Reuse NR Rel-15 SRS sequence for positioning.

Proposal 6: Support only a single antenna port for SRS resource configuration for positioning.
Proposal 7: No enhancement is needed in terms of the SRS transmission bandwidth for NR positioning.
Proposal 8:  The existing configurations for SRS transmission mode and transmission offset can also be reused for NR positioning.  
Proposal 9: The beam information of the DL reference signals (e.g., SSB, CSI-RS tec.) and UL reference signals (e.g., SRS) should be included in the messages exchanged between UE, gNBs, and LMF for supporting UL positioning based on SRS signals.
Proposal 10:  Support SRS resource coordination to achieve orthogonal SRS resource assignment and/or SRS interference cancellation.
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