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Introduction
The following agreements were made on the RAN1 centric objectives for NR positioning in RAN#83 [1]:
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 UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
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
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]

In this contribution, we discuss the design of NR DL and UL reference signal for positioning.

Design of NR DL PRS signals
The following candidate reference signals were identified for NR DL positioning evaluation Error! Reference source not found.
-	NR CSI-RS (including TRS configuration)
-	NR Synchronization Signals (SSBs)
-	New DL positioning reference signals (DL PRS)
In addition, it was identified that “Enhancements to existing NR DL reference signals (e.g., based on extensions to current reference signals or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios”. However, so far there is no conclusion on which of above candidate reference signals will be used for NR DL PRS, and what the enhancements are. 
In our previous papers (e.g., [4]), detailed discussions of the NR PRS for supporting OTDOA positioning were provided, including the following proposals relative to the design of DL PRS:
· Different PRS subcarrier spacings Δf_PRS=15⋅2^μ kHz (μ=0,1,2,3,4) should be considered.
· At least a single antenna port is used for NR PRS transmission.
· Different PRS RE density per PRS RB should be considered.
· The PRS sequences generated based on length-31 Gold sequences should be considered.
· The initialization of the random sequences for PRS generation should depend, at least, on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
· The PRS sequences generated based on Kasami sequences can be considered.
· NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers, and avoid the scenario that there are no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.
· NR PRS also needs to consider the design of multi-beam PRS transmission with the unified approach for both TDD and FDD systems and for both FR1 and FR2.
· For supporting multibeam transmission of the PRS signals, NR PRS mapping in the time domain should consider: a) the concept of PRS block and PRS block set; b) the mapping of the OFDM symbols in a PRS block and the mapping pattern of the PRS blocks in a PRS block set (a PRS occasion); and c) the transmission period and transmission offset of the PRS block set (a PRS occasion).
· For supporting the multibeam transmission of the PRS signals, the PRS muting patterns should be considered that take the multibeam transmission of the PRS signals into consideration.

Some of the above proposals were agreed (e.g., different PRS subcarrier spacings, at least a single antenna port is used etc.) for NR DL positioning, but many of them are remaining undecided. In the following, we continue the discussion of remaining details in the NR DL PRS design.
Cell-specific or UE-specific DL PRS Configuration
It was discussed in the last meeting on whether the NR DL PRS configuration should be cell specific and/or UE specific without conclusion. The argument for supporting cell-specific is that the NR DL PRS are transmitted for all UEs and thus there is no need to have UE-specific configuration, while the argument for supporting UE-specific is that UE-specific may be needed for some cases, e.g., on demand positioning, and UE-specific configuration can also be used for supporting cell-specific configuration by configuring all UEs in the cell to be the same.
For DL positioning, it is clear that the DL PRS transmitted from a cell can always be used for all UEs for DL positioning. Thus, the configuration and the transmission of the NR DL PRS should be cell-specific, but not be UE-dependent. It is unnecessary to configure the transmission of the NR DL PRS of the cells as UE-dependent.  
On the other hand, the configuration of the DL SRS transmission as cell-specific does not imply that the network has to provide the same information of the DL PRS transmission of a cell to all UEs. As a matter of fact, the information on the configuration of the DL PRS conveyed to the UE can be, and sometimes, should be, UE-specific. For example, the network may configure the transmission of the DL PRS with a short periodicity, but it may inform the different UEs with different transmission periodicities. For example, the network may only inform a UE with the real PRS transmission periodicity if the UE is subscribed to a location based service (LBS) or in an emergency call, but with a longer PRS transmission periodicity for a UE as free service. In addition, the network may provide additional information to UE to assist the UE for the detection of the DL PRS, such as the beam related PRS transmission. 

[bookmark: _Toc5113966][bookmark: _Toc5113990]Proposal 1: The configuration and the transmission of the DL PRS of a cell should be cell-specific. However, it should not prevent the network from providing different information about the configuration of DL PRS transmission to different UEs.

NR DL PRS Subcarrier Spacings
For FR1, NR supports the subcarrier spacing of {15kHz, 30kHz} for the transmission of the SS/PBCH blocks, and {15kHz, 30kHz, 60kHz} for other channels and signals. For FR2, NR supports {120kHz, 240kHz} for the transmission of the SS/PBCH blocks for initial access and {60kHz, 120kHz} for the transmission of other channels.  Given that the DL PRS is used at least for the support of the connected UEs, all of the subcarrier spacings that are supported for data communications should be supported for DL PRS transmission so that the network can configure the same subcarrier spacing for both DL PRS and other channels for data communication to avoid the implementation complexity.

[bookmark: _Toc5113967][bookmark: _Toc5113991]Proposal 2: NR should support the subcarrier spacings of 15kHz, 30kHz and 60kHz for FR1 and the subcarrier spacing of 60kHz and 120kHz for FR2. If it is decided to support DL positioning for IDLE mode UE, NR should also support the subcarrier spacings of 240kHz for FR2.

NR DL PRS Bandwidth
When the dedicated resources are allocated for the DL PRS, it should allow the use of all PRBs in a configured carrier bandwidth for DL PRS transmission for maximizing the positioning performance. For LTE, the supported carrier bandwidths are  {1.5, 3, 5, 10, 15, 20}MHz, which results in the supported PRS bandwidths of {6, 15, 25, 50, 75, 100} PRBs, i.e., the maximum number of PRBs of the supported carrier bandwidths. For NR, the supported carrier bandwidth are no longer limited to {1.5, 3, 5, 10, 15, 20}MHz and the maximum number of PRBs corresponding to the carrier bandwidth of {1.5, 3, 5, 10, 15, 20}MHz are no longer {6, 15, 25, 50, 75, 100} PRBs. Thus, NR DL PRS signal bandwidths should be defined differently from those of the LTE PRS.

According to the NR carrier bandwidths and the transmission bandwidth configuration NRB for each BS channel bandwidth, and the subcarrier spacings defined in TS 38.104[5], we propose the support of the DL PRS transmission bandwidths presented in Table 1 for FR1 and Table 2 for FR2. 
[bookmark: _Hlk497144372]
Table 1: DL PRS Transmission bandwidth configuration NRB for FR1
	SCS (kHz)
	NRB (RBs)

	15
	25, 52, 79, 106, 133, 160, 216, 270

	30
	11, 24, 38, 51, 65, 78, 106, 133, 162, 189, 217, 245, 273

	60
	11, 18, 24, 31, 38, 51, 65, 79, 93, 107, 121, 135



Table 2: DL PRS Transmission bandwidth configuration NRB for FR2
	SCS (kHz)
	NRB (RBs)

	60
	66, 132, 264

	120
	32, 66, 132, 264



[bookmark: _Toc5113968][bookmark: _Toc5113992]Proposal 3: NR should support the DL PRS transmission in the whole carrier bandwidths which are defined in TS 38.104, namely {5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100} MHz for FR1, and {50, 100, 200, 400} MHz for FR2;
[bookmark: _Toc5113969][bookmark: _Toc5113993]Proposal 4: NR should at least support the DL PRS transmission bandwidth configurations, which correspond to the maximum number PRBs of the carrier bandwidths supported by NR as defined in TS 38.104. The proposed DL PRS transmission bandwidth configurations are shown in Table 1 for FR1 and Table 2 for FR2.
 
NR DL PRS Transmission Duration and Periodicity
In LTE, the time duration of a PRS occasion can be {1, 2, 4, 6} subframes. For NR, we should support a similar time duration at least when the subcarrier spacing in 15kHz in FR1 in order to ensure a similar positioning performance. In addition, LTE PRS supports the configuration of the periodicities of ={5, 10, 20, 40, 80, 160, 320, 640, 1280}ms.
In NR, CSI-ResourcePeriodicityAndOffset is used to configure a periodicity and a corresponding offset for periodic and semi-persistent CSI resources. It supports the periodicities of  ={4, 5, 8,10,16, 20,32, 40,64, 80, 160, 320, 640} slots. CSI-ResourcePeriodicityAndOffset has actually included all PRS periodicities of the LTE PRS except the longest one with 1280ms when the subcarrier spacing is 15kHz.
For NR DL PRS, it should at least support the LTE PRS periodicities. In addition, it may also consider supporting other periodicities that are supported in NR CSI-RS if we want to consider the resource sharing between the CSI-RS and the DL PRS.
		
[bookmark: _Toc5113970][bookmark: _Toc5113994]Proposal 5: NR DL PRS should support the transmission periodicities of P={5, 10, 20, 40, 80, 160, 320, 640, 1280} slots for PRS occasions (or PRS resource sets). NR DL PRS may also consider the support the transmission periodicities of P={4, 8, 16, 32, 64} slots.   The DL PRS transmission offset can be configured in the range of {0, .., P-1} slots.

NR DL PRS Beam Sweeping and Alignment
In the DL positioning, the UE position is estimated based on measurements of downlink radio signals from multiple TPs, along with knowledge of the geographical coordinates of the measured TPs and their relative downlink timing. 
For supporting LTE OTDOA, 3GPP has defined the procedure and the protocol for message exchange between the UE, the LMF. The UEs need to know the configuration of the PRS signal transmitted by the gNB. The location server, a.k.a. the location management function (LMF) in 5G NR, needs to decide which gNBs will be involved in the OTDOA positioning for a UE, to obtain the PRS configuration from these gNBs and to pass the PRS configuration to the UE, etc. 
NR supports the transmission of multiple beams in different directions for all NR operation frequency bands. The information on the beam direction and beamwidth of the NR uplink and downlink reference signals can thus effectively improve the accuracy and performance of the OTDOA positioning system. 
Given that 3GPP has not defined the NR DL positioning procedure yet, we will use the procedure shown in Figure 1 to explain the benefits to use the beam information for supporting the DL positioning.
OTDOA may include the following steps: 
1) A UE in DL positioning determines that certain downlink positioning assistance data are desired and sends a Request Assistance Data message to the LMF. In this step, the UE may include the beam information in the Request Assistance Data message. The beam information will help the LMF to determine the gNB that needs to be involved in DL positioning. The beam information may include:
· DL-RS beam identification. For example, the beam identifier may be an SSB index or a Channel State Indication Reference Signal (CSI-RS) index detected by the UE when performing BM / RRM measurement;
· DL-RS signal strength. For example, the RSRP measurement obtained by the UE when performing BM / RRM measurement;
· PRS beam identification. At this time, the beam identifier may be a PRS that the UE has detected or has detected;
2) The LMF determines that certain downlink positioning assistance data are desired and sends an OTDOA INFORMATION REQUEST message to the gNBs. In this step, the LMF may include the beam information in the OTDOA INFORMATION REQUEST message to the gNB. The beam information may help the gNBs on how to configure the DL PRS;
3) The gNBs provide the requested assistance in an OTDOA INFORMATION RESPONSE message. In this step, the gNB may include the beam information in the OTDOA INFORMATION RESPONSE message to the LMF, such as the association of the SSB, CSI-RS and PRS beam;
4) The LMF provides the requested assistance in a Provide Assistance Data message to the UE. In this step, the Provide Assistance Data message from the LMF to the UE, it may include information for the association of the SSB, CSI-RS and PRS beam. This information can be used by the UE to search for the PRS for RSTD measurements (Figure 2);
5) The UE obtains downlink measurements from the DL PRS;
6) The UE sends a Provide Location Information message to the LMF, which may include the PRS beam identification;
7) The LMF calculates the UE’s position. The PRS beam information can also be used for the calculation of the UE’s location (Figure 3).

[image: ]
[bookmark: _Ref251089][bookmark: _Ref251083][bookmark: _Ref534574185]Figure 1 DL Positioning Procedures

[image: ]

[bookmark: _Ref534637087]Figure 2.Using DL-RS beam information to determining the PRS beams to be detected by the UE 
[image: ]
[bookmark: _Ref534637091]Figure 3. Using beam information to support locating the UE

[bookmark: _Toc5113971][bookmark: _Toc5113995]Proposal 6: The beam information of the DL/UL reference signals should be included in the messges exchanged between UE, gNBs, and LMF for supporting DL positioning. Adopt the text proposal in Appendix A for TR 38.855. 

Interference randomization for NR DL PRS
When dedicated resources are used for the transmission of the NR DL PRS, there is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources.  However, the PRS transmitted in one cell may collide with PRS transmissions in another cell, similar to the case in LTE. Thus, it is important to consider the interference randomization techniques across PRS signals. The interference randomization can be addressed at least from the following aspects:
1) the generation of the PRS sequences, including the initialization of the PRS sequences;
2) the resource mapping of the PRS sequences in the frequency domain;
3) the transmission patterns of the NR DL PRS in the time domain.

Generation of the NR DL PRS sequences
LTE PRS are generated from QPSK modulation of the pseudo-random Gold-sequence of order n=31. Similarly, in NR the pseudo-random sequences for most NR DL reference signals, such as CSI-RS, are also generated from QPSK modulation of the pseudo-random Gold-sequence of order n=31. Thus, it is reasonable to consider that the NR DL PRS sequences are also generated based on the QPSK modulation of the pseudo-random sequence created from the length-31 Gold sequences. This option offers the potential for resource sharing between DL PRS and other NR DL RS, as well as makes the implementation of gNB and UE simpler.
[bookmark: _Toc5113972][bookmark: _Toc5113996]Proposal 7: Gold sequences of order 31 can be considered for the generation of the NR DL PRS sequences in the evaluation of the NR DL positioning performance.
There is, however, one important issue, which deserves careful consideration before adopting the method of generating the NR DL PRS based on Gold sequences of order 31. The length of the pseudo-random sequence generated from the Gold sequences of order 31 is actually extremely long, i.e. , which is much, much longer than the length of the DL PRS sequence, which are in the range of a few thousand or shorter. It means only a much shorter, truncated pseudo-random sequence generated from the Gold sequences of order 31 will be used for the generation of the NR DL PRS sequences. Consider that the property of good auto-correlation and cross-correlation of the binary pseudo-random sequence created from the Gold sequences are guaranteed only when the full length binary sequence is used, the use of the truncated pseudo-random sequence for the generation of the DL PRS cannot guarantee the good auto-correlation and cross-correlation of the pseudo-random sequence from the Gold sequences. Thus, it is worthy to have a careful evaluation on the impact of using the truncated pseudo-random sequence from the Gold sequences on the DL positioning, and on whether shorter-length Gold sequences or other sequences with better auto-correlation and cross-correlation, such as Kasami sequences, should be used for the generation of the NR DL PRS sequences.
[bookmark: _Toc5113973][bookmark: _Toc5113997]Proposal 8: The use of the truncated pseudo-random sequence generated from the Gold sequences of order 31 the Gold sequences does guarantee the good auto-correlation and cross-correlation of the pseudo-random sequence from the Gold sequences. Other sequences with better auto- and cross-correlation, e.g., the Gold sequences with the order smaller than 31 or the Kasami sequences, etc., may also be considered for the generation of the NR DL PRS sequences to overcome the drawback of the Gold sequences of order 31.

Initialization of the pseudo-random sequence generator
To randomize the interference across PRS signals from different TRPs, it is obvious that the initialization of the pseudo-random sequence generator for the NR DL PRS sequences will be TRP dependent, i.e., different TRPs are assigned with different PRS sequence ID. As discussed in the previous section, if the length-31 Gold sequence is used for the generation of the NR DL sequences, only a very short truncated binary sequence created from the length-31 Gold sequence are used for each DL PRS sequences. Thus, it is highly desirable to have the NR DL PRS sequences in different OFDM symbols of different slots are created from different truncated binary sequences in order to randomize the interference. Thus, the initialization of the NR DL PRS sequences will depend on the OFDM symbol index in a slot, the slot number within a radio frame in time-domain and the PRS sequence ID.
Assuming length-31 Gold sequence is used as the pseudo-random sequence generator, the pseudo-random sequence generator can be initialised with


at the start of each OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID, where }, where ] as used for the generation of the LTE PRS.
[bookmark: _Toc5113974][bookmark: _Toc5113998]Proposal 9: For the randomization of the interference across PRS signals, the initialization of the pseudo-random sequence generator for the DL PRS sequences should depend on the OFDM symbol index in a slot, the slot number within a radio frame as well the PRS sequence ID as follows: 


where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID, where  and M=[16].

PRS resource mapping in the frequency domain
LTE PRS sequences are mapped to PRS REs in PRS OFDM symbols in PRS subframes as defined in TS 36.211:
· PRS sequences are mapped to all OFDM symbols in a subframe except
· the first 3 OFDM symbols that are reserved from the downlink control channel
· the OFDM symbols with the cell reference signals (CRS)
· In the frequency domain, the exact same PRS RE distribution pattern with a frequency re-use factor of six is used for each and every PRS RB in one PRS OFDM symbol. There are two subcarriers without PRS REs for each PRS RB. 
· In the time domain, the exact same PRS RE distribution pattern is repeated for each PRS subframes.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In LTE PRS resource mapping, there are two subcarriers without PRS REs for each PRS RB and the two subcarriers are allocated at the same frequency position in each PRS RB, there are large side peaks in the auto-correlation of the PRS signals as shown in [4]. To avoid the inherent issue of the LTE PRS resource mapping pattern, it was proposed in [4] to have the PRS REs evenly distributed in the frequency domain during one PRS occasion. One way to do this is to derive the frequency shift for NR PRS REs depending on the sequential OFDM symbol index l’ counted from the start OFDM symbol of the PRS occasion. In addition, the resource mapping pattern also depends on the PRS slots, as well as the PRS ID  and the PRS RE density .

With the above considerations, the mapping of the NR PRS sequence to resource elements  for a PRS OFDM symbol l is proposed as follows:
 
where





Where
·  = number of PRS REs per PRS RBs
·  = the start of the resource grid
·  = the start of the PRS RB in the resource grid
· 
 = the PRS transmission  bandwidth
·  = the power scaling factor
·  = the PRS OFDM symbol in the PRS slot
·  = the sequential PRS OFDM symbol number, counted from the start of the PRS occasion 


The parameters , ,  and  are configurable parameters. The reference point A for  is the subcarrier 0 in common resource block 0 in the common resource block grid as defined in TS 38.211. The PRS configuration in time domain, such as the PRS occasion will be discussed in the following in this document. 
Figure 4 illustrates the frequency location of the proposed resource mapping for NR PRS. Figure 5 illustrates the RS distributions in two sequential NR RBs in one PRS occasion. As shown in Figure 5, with the proposed pattern, the PRS REs will be evenly distributed to all subcarriers in the frequency domain. It will avoid the issues with large side peaks associated with the LTE PRS pattern as shown in Figure 6.
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[bookmark: _Ref256252][bookmark: _Ref256247]Figure 4. Illustration of the proposed resource mapping for NR PRS (
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[bookmark: _Ref256283]Figure 5. Illustration of the proposed resource mapping for NR PRS in two PRBs (
[image: ]
[bookmark: _Ref256310]Figure 6 No large side peak in auto-correlation of the PRS signals with the proposed PRS pattern.
[bookmark: _Toc5113975][bookmark: _Toc5113999][bookmark: _Ref525326181]Proposal 10: NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers in PRS OFDM symbols, and avoid the issue associated with LTE PRS, e.g., no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.
[bookmark: _Toc5113976][bookmark: _Toc5114000]Proposal 11: The density of PRS REs within a PRS RB should also be configurable, e.g., {1/2, 1, 2, 3, 4, 6}, where ½ implies there is one PRS RE for every two PRS RBs, and the PRS RE may be placed in even or odd numberd PRS RBs.

NR DL PRS transmission pattern in the time domain 
NR DL PRS transmission pattern needs to consider the support of multi-beam DL PRS transmission with the unified approach for both TDD and FDD systems and for both FR1 and FR2 together with the interference randomization.
NR DL PRS resource 
In RAN1#AH 1901, the concept of NR DL PRS resource was introduced:
· NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.
· In any OFDM symbol, PRS resource occupies consecutive PRBs
· FFS if multiple symbols can be non-consecutive
· FFS on PRS Resource Set

The concept of NR DL PRS resource is similar to that of SS/PBCH block, where an NR DL PRS resource includes one or more consecutive PRS OFDM symbols transmitted in the same beam direction. The number of PRS OFDM symbols in a PRS resource should be configurable to meet different deployment needs. One slot may contain one or more PRS resources.

From the implementation point of view, it is desirable to be able to allocate enough time/frequency resources to an NR PRS resource for the support of the DL PRS measurements in one beam direction.  Thus, there is a need to support the PRS resource spanning multiple symbols within a slot. In LTE, all DL symbols in a PRS subframe, except the first 3 PDCCH symbols and another 3 OFDM symbols with CRS, are used for DL PRS transmission. In NR, since there is no transmission of the CRS, the number of PRS symbols does not need to be limited to 8. For example, the configuration of the PRS symbols of up to 12 OFDM symbols allows the even distribution of the PRS REs in all subcarriers within a PRB when the density of the PRS RE={1, 2, 3, 4, 6, 12}. 

[bookmark: _Toc5113977][bookmark: _Toc5114001]Proposal 12: NR should support the configuration of the N consecutive PRS OFRM symbols within a slot, where N can be {1, 2, 3, 4, 6, 12}. In addition, the starting positioning of the N consecutive symbols relative to the start of the slot should also be configurable such that the N consecutive PRS symbols can be flexiably allocated within the slot.

NR DL PRS resource set
For supporting the multi-beam PRS transmissions and beam sweeping, there is a need to introduce the NR DL PRS resource set, which contains one or multiple NR DL PRS resources. The number of the PRS DL PRS resources in the set should be configurable for supporting the multibeam sweeping in different deployment scenarios. For example, the number of the PRS DL PRS resources in the PRS set can be configured to be same as the number of the SS/PBCH blocks in an SS/PBCH block set, or different from the number of the SS/PBCH blocks in an SS/PBCH block set. The former may be the configuration when the PRS beam width is similar to the SS/PBCH beam width, and the latter may be used when the PRS and SS/PBCH have different beam widths. The maximum number of NR DL PRS resources in an NR DL PRS resource set may be dependent on the frequency range for reducing the UE implementation and power consumption in searching the DL PRS signals, e.g., for FR1, the maximum number of SS/PBCH blocks is 8, and for FR2, the maximum number SS/PBCH blocks is 64. In addition, the number of CSI-RS resource in a CSI-RS resource set is 192. If we want to consider the sharing of the CSI-RS resource and the DL PRS resources, the maximum number of DL PRS resources in a DL PRS resource set can also be defined as 192.　
[bookmark: _Toc5113978][bookmark: _Toc5114002]Proposal 13: NR should support the configuration of the NR DL PRS resource set. Each NR DL PRS resource set may include one or multiple NR DL PRS resources, and the maximum number of NR DL PRS resources in a DL PRS resource can be 192.

NR OTDOA Positioning Occasion
In LTE, an OTDOA positioning occasion can include {1, 2, 3, 6} PRS subframes. Having a positioning occasion with a number of PRS subframes provides the benefits of saving UE power consumption in PRS detection and reducing the time delay in OTDOA. Similarly, for NR OTDOA, it will be beneficial to allow the configuration of a group of PRS resource sets into an NR DL PRS Occasion. It will provide the UE the opportunity to detect multiple PRS resources in one beam direction without waiting for the next PRS transmission cycle. In addition, for the minimization of the power consumption of the UE, the transmission duration of an NR DL PRS Occasion may be limited within a certain duration.
[bookmark: _Toc5113979][bookmark: _Toc5114003]Proposal 14: NR may consider introducing the concept of OTDOA Positioning occasion, which contains a burst of PRS resource sets transmitted in a short time duraton for reducing the time delay and UE power consumption in OTDOA positioning. The duration of an NR DL PRS Occasion or the number of PRS resource sets of an NR DL PRS Occasion should be configurable within a certain range. For example, the duration of an NR DL PRS Occasion may be limited within [5]slots, and/or the number of PRS resource sets of an NR DL PRS Occasion is limited to 5.
[image: ]
Figure 7. PRS Resource, PRS Resource Set and PRS Occasion

NR DL PRS Muting Configuration
When multiple neighboring cells transmit the PRS simultaneously, the PRS signals from the multiple cells could collide in both time and frequency, which creates inter-cell interference during the cross-correlation. Due to the near-far problem where the strong PRS signals from closer-by cells overshadow the weak PRS signals from far away cells, it will be difficult for the UE to detect faraway cells, and which in turn result in the loss in hearability. This issue can be particularly serious in dense urban deployments or under poor network planning. In order to overcome the near-far problem, the PRS muting pattern should be introduced to increase the detectability of the PRS from weak cells. 
For NR PRS, the design of the muting pattern should take into the consideration of the multi-beam transmission of the PRS signals. Due to fact that PRS beams are transmitted in different beam directions, PRS signals transmitted in the overlapping time/frequency resources may not overlap in space and then may not necessarily cause the so-called near-far problem in PRS detection. Thus, NR PRS muting should provide the flexibility of the muting implementation in different levels, e.g., in the level of PRS occasion (a.k.a, OTDOA positioning occasion), in the level of PRS resource set, and also in the level of PRS resource.
In the following discussion of the muting configuration, we assume:
· a PRS occasion group have the periodicity , including  PRS groups in one period
· a PRS occasion group comprises  PRS occasion
· a PRS occasion comprises  PRS reource set
· a PRS reource set comprises  PRS reources

At this moment, NR has not introduced the definitions of PRS occasion groups, PRS occasion group, PRS occasion, PRS reource set, and has not defined details on PRS reource yet. However, the same design principle described in the following can still be used if some of them are not introduced. 

Muting Configuration in PRS occasion group (Option 1)
Figure 8 presents one option for NR DL PRS Muting Configuration where the NR PRS muting of the cell is implemented in the level of the PRS occasion group. The PRS muting configuration is defined by a periodic PRS muting sequence with the periodicity  where , counted in the number of PRS occasion groups, which can be 2, 4, 8, 16, 32, 64, 128, 256, 512, or 1024.  is also the length of the bit string that represents this muting sequence for PRS occasion groups. If a bit in the  is set to "0", then no PRS transmission in the corresponding PRS occasion group. 

[image: ]
[bookmark: _Ref292168]Figure 8. Illustration of the NR PRS Muting Pattern (Option 1)

Muting Configuration in PRS occasion (Option 2)
Figure 9 presents another NR DL PRS Muting Configuration, where the NR PRS muting of the cell is implemented in the level of the PRS occasion. Similar to Option 1, the bit string  of a length is used to configre the PRS occasion groups for muting. Different from Option 1, here the bit string  represents the candidate PRS occasion groups, i.e., if a bit in the  is set to "0", one or more PRS occasions in the corresponding PRS occasion group may be mutted. Which of the PRS occasions in the candicate PRS occasion groups will be muted will depend on the muting sequence  with the length  , which represents the PRS occasions to be muted within the candidate PRS occasion group, i.e., a bit in the  set to "0" indicates no PRS transmission in the corresponding PRS occasions of the candidate PRS occasion groups.

[image: ]

[bookmark: _Ref292607][bookmark: _Ref603051]Figure 9. Illustration of the NR PRS Muting Pattern (Option 2)

Muting Configuration in PRS resource set (Option 3)
Figure 10 presents another NR DL PRS Muting Configuration, where the NR PRS muting of the cell is implemented in the level of the PRS resource set. In Option 3, the bit string  of a length is used to configre the candidate PRS occasion groups for muting, and the bit string  of a length is used to configre the candidate PRS occasion for muting. Assume there are  PRS resource sets in a PRS occasion, a muting sequence  with the length   will be used to represents this muting PRS resource sets within the candidate PRS occasions. If a bit in the  is set to "0", then no PRS transmission in the corresponding PRS resource sets of the candidate PRS occasions.

[bookmark: _Ref603064][bookmark: _Ref603057][image: ]
[bookmark: _Ref4745868]Figure 10. Illustration of the NR PRS Muting Pattern (Option 3)

Muting Configuration in PRS resource (Option 4)
Figure 11 presents another NR DL PRS Muting Configuration, where the NR PRS muting of the cell is implemented in the level of the PRS resource. In this option, the bit string  of a length is used to configre the candidate PRS occasion groups for muting, the bit string  of a length is used to configre the candidate PRS occasion for muting, and  the bit string  of a length is used to configre the candidate PRS resource set for muting, Assume there are  PRS resources in a PRS resource set, a muting sequence  with the length   will be used to represents this muting PRS resources within the candidate PRS resource sets. If a bit in the  is set to "0", then no PRS transmission in the corresponding PRS resources of the candidate resource sets.

[image: ]

[bookmark: _Ref603072]Figure 11. Illustration of the NR PRS Muting Pattern (Option 4)

[bookmark: _Toc5113980][bookmark: _Toc5114004][bookmark: _Ref525326196]Proposal 15: NR should consider introducing the muting for the DL PRS transmission. The PRS muting patterns should take the multibeam transmission of the DL PRS signals into consideration. 
[bookmark: _Toc5113981][bookmark: _Toc5114005]Proposal 16: Muting configurations can be supported in different levels, including 1) at the level of PRS groups; 2) at the level of  PRS occasions; 3) at the level of PRS resource sets; and 4) at the level of PRS resources. 

NR PRS design with P-PRS and S-PRS
In LTE, the PRS signals from a cell are transmitted with a configured transmission pattern, i.e., with a configured transmission time period, a transmission time duration, and a transmission offset. In the transmission time duration, the PRS signals are mapped to the defined PRS REs in PRS OFDM symbols in the configured PRS subframes. The PRS signals are transmitted with the same power for each PRS RE, which equals normally the total configured BS transmission power divided by the total number of PRS REs within the PRS transmission bandwidth. 
In order to improve the hearability of the PRS signals or minimize the interferences from other data or reference signals, there is, in general, no transmission of other data signals or other reference signals on the PRS transmission duration. During the NR positioning SI, the idea to support NR DL PRS resource sharing with other transmissions including data/control was proposed for the purpose of the optimization of the resource usage and the positioning performance. Due to the time limitation, the idea was only discussed very briefly during the SI, and it was concluded that the issue is left to future specification work, including [4]:
-	Which physical channel/signals can share resources with NR DL PRS; 
-	Whether to support interference randomization techniques for PRS transmission with other signals.   
In this Section, we continue the discussion of the NR PRS design with P-PRS and S-PRS, and provide the simulation results to demonstrate the effectiveness of the approach. 

P-PRS and S-PRS
There can be a further enhancement on the legacy PRS transmission pattern for the following reasons:
· In the OFDM symbols for PRS transmission, there is no transmission of other signals for data communication. Thus, the RF resources allocated during the PRS transmission time duration are all counted as the overhead in the context of the data communication service;
· Reducing the PRS overhead requires configuring long PRS transmission time period and short PRS transmission time duration, while the longer period of PRS transmission brings longer positioning delays and shorter PRS transmission time duration results in lower detection probability of PRS signals and lower positioning performance. In a real system deployment, it is difficult to solve this dilemma. Due to the concern of the system overhead, PRS transmission is normally configured with relatively long periodicity and shorter duration, which inevitably results in the compromised positioning performance;
· With the non-continuous, periodic transmission of the PRS signals, it is very difficult, if not impossible, to adopt more advanced signal processing techniques (such as long-term cross-correlation or carrier phase positioning) to achieve high-performance positioning for some challenging environment, such as the indoor environment. 

For solving issues identified above, in [6] we proposed using two groups of PRS signals for NR DL positioning: the primary PRS (P-PRS) and the secondary PRS (S-PRS). P-PRS is similar to the legacy PRS and serves the following purposes:
· Provide reasonable NR positioning performance for the scenarios with excellent RF conditions for detecting P-PRS signals from neighboring cells. 
· Provide accurate time and frequency synchronization. The UE will maintain the precise time and frequency synchronization with the detection of P-PRS signals as few as only one cell. High-precision time and frequency synchronization is a necessary condition for the UE to subsequently perform long-term integration on the S-PRS signal in order to detect the much weaker S-PRS signal to be described in the following.
S-PRS is an auxiliary PRS specifically designed to improve positioning performance and RF resource usage. S-PRS can be flexibly configured:
· S-PRS signal can be configured to be ON/OFF. It can be turned on for the special environment, e.g., for indoor positioning, for the particular UE(s), e.g., for  UE subscribed to high accuracy positioning services;
· In the frequency domain, S-PRS configuration (e.g., transmission bandwidth, frequency mapping pattern, etc.) can be independent of P-PRS configuration;
· In the time domain, the S-PRS signal is placed in the downlink time slot where the P-PRS signal is not transmitted and may also overlapping with the OFDM symbols/RBs/REs where other downlink data and signals are transmitted;
· For the sequence generation, the S-PRS can use the same sequences as the P-PRS, e.g., both the P-PRS and the S-PRS are based on GOLD sequence, or the S-PRS can use different random sequences. Using the same sequence generation approach has the advantage of simpler design and implement. Having different random sequences has the potential for better positioning performance.
· For S-PRS sequence design, coherent superposition of correlation value should be used to improve the post-SINR of S-PRS. Then, S-PRS sequence in different slots or OFDM symbols should be the same in order to do coherent superposition.
The S-PRS mainly serves the following purposes:
· Improve positioning performance.
With S-PRS, the UE may obtain more accurate RSTD measurements from more nearby cells through longer coherence or non-coherent integration of the S-PRS signals, especially for the indoor environment;
· Optimize resource usage. 
With S-PRS, the RF resource configured for P-PRS can be reduced, because the main purpose of the P-PRS is to provide accurate time and frequency synchronization and reasonable positioning performance, but not necessarily the target positioning performance; 
S-PRS can be transmitted, similar to background noise, together with the data signals. In this case, the S-PRS EPRE will be much lower than the EPRE of the data communication signals. Thus, the transmission of the S-PRS will not impact the resource scheduling for data communication (Figure 12). 
S-PRS may also be transmitted on the resources without overlapping with the data signals, when the system has extra RF resource available, or when the system specifically wants to improve the detectability and positioning performance of the S-PRS for particular reasons (Figure 13). In this case, the S-PRS EPRE can be the same as that of P-SRS.
· Special positioning service. 
Due to the alternating transmission of P-PRS and S-PRS signals, the PRS signal transmitted by the base station is actually continuous in all DL slots. Thus, it is possible for the UE to achieve continuous positioning and tracking by continuously measuring and tracking PRS signals from a plurality of neighboring cells.
[image: ]
[bookmark: _Ref534535606]Figure 12. NR PRS Transmission Pattern
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[bookmark: _Ref534535634]Figure 13. NR PRS Transmission Pattern


Analysis of TOA CRLBs with P-PRS and S-PRS
In this Section, we present the theoretical analysis of the effectiveness of the S-PRS for improving the positioning performance based on the analysis of the Cramer-Rao lower bound (CRLB) for the TOA estimation error. 

CRLB is the lower bound that describes the maximum achievable accuracy of any unbiased estimator for a given signal-to-noise ratio (SNR). It is well known that under the assumption of AWGN channel, the CRLB of the TOA estimation  from the DL OFDM reference signal, e.g. PRS, can be expressed as follows:



where is the subcarrier spacing,  is the total number of OFDM symbols with the DL reference signals, N is the total number of subcarriers within the bandwidth, and  if there is no DL reference signal in the resource element (k,l), and  if there is DL reference signal in the resource element (k,l).

If we assume the transmission periodicity of P-PRS is  slots with the transmission duration of  OFDM symbols and the reuse factor of 6 as LTE PRS, i.e., one PRS RE for every 6 REs. The CRLB for the TOA estimation  based on P-PRS and S-PRS can be expressed approximately: 





Then, to reach the same CRLB using either P-PRS or S-PRS, we have


For example, if the M=40 slots and   symbols, to have the same target CRLB, the can be  ~ 22dB lower than the .  Figure 14 shows one example of the auto-correlation of the P-PRS and S-PRS where the SNR for P-PRS is set to -6dB, while the SNR for S-PRS is set to -28dB. 
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[bookmark: _Ref813266]Figure 14. Comparision of the auto-correlation of the P-PRS and S-PRS

[bookmark: _Toc5113982][bookmark: _Toc5114006][bookmark: _Ref525326168][bookmark: _Toc525482751][bookmark: _Toc528649277]Proposal 17: Support the NR PRS design with Primary PRS(P-PRS) and Secondary PRS(S-PRS) for DL positioning. The S-PRS is configured independent of P-PRS, with the properties shown in Appendix A.

Simulation results of DL TOA of S-PRS
The simulation parameters used for of the DL TOA positioning are listed in Table 3 with perfect muting. P-SRS is used for reference, which uses one slot for one TOA estimate. The period of the S-PRS means the number of slots used for one TOA estimation.
Table 3:  Simulation parameters for DL TOA positioning 
	Parameter
	P-SRS
	S-PRS Period=10
	S-PRS Period=20

	Carrier frequency 
	4 GHz
	4 GHz
	4 GHz

	Subcarrier spacing
	15 kHz
	15 kHz
	15 kHz

	Reference Signal Transmission Bandwidth
	5 MHz
	5 MHz
	5 MHz

	Number of slots used for one TOA estimate
	1
	10
	20

	Number of symbols used for one TOA estimate
	13
	130
	260



(1)AWGN channel
Figure 15 shows TOA errors at CDF 80% point in AWGN channel. In the case of a TOA error about 6 meters, the SNRs required by P-PRS, S-PRS with period=10 and S-PRS with period=20 are given in Table 4.
[image: ]
Figure 15. TOA errors at CDF 80% point in AWGN channel

Table 4:  Simulation results of DL TOA error in AWGN channel
	
	P-PRS
	S-PRS period=10
	S-PRS period=20

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]TOA error at CDF 80% point (m)
	6.12
	6.09
	6.11

	SNR(dB)
	-20
	-30
	-33



 (2) TDL-A 30ns channel
Figure 16 shows TOA errors at CDF 80% point in TDL-A 30ns channel. In the case of a TOA error about 8 meters, the SNRs required by P-PRS, S-PRS with period=10 and S-PRS with period=20 are given in Table 5.

[image: ]
Figure 16. TOA Errors at CDF 80% point in TDL-A channel


Table 5:  Simulation results of DL TOA error in TDL-A channel
	
	P-PRS
	S-PRS period=10
	S-PRS period=20

	TOA error at CDF 80% point (m)
	8.07
	8.03
	7.95

	SNR(dB)
	-19
	-28
	-30



As shown in Figure 15 and Figure 16, coherent superposition of correlation value can improve the post-SINR of S-PRS. S-PRS can achieve the same TOA estimation performance as P-PRS with lower SNR, at the expense of multiple slots overhead.
The simulation results confirm the theoretical analysis discussed in the last section. At the same TOA error points, S-PRS requires lower SNR than P-PRS due to longer duration of the signal transmission and reception. As shown in Table 4, the gain of SNR increases significantly with longer signal integration of the S-PRS in AWGN channel, . For TDL-A channel,  it shows also the gain of SNR increases with longer signal integration as shown in Table 5, although not as much as the cases in AWGN channel.
Obervation 1: S-PRS can achieve the same TOA estimation performance as P-PRS with lower SNR, at the expense of multiple slots overhead.

NR PRS design based on NR CSI-RS
In LTE, Cell specific Reference Signal (CRS) is transmitted constantly for RRM. Unlike LTE, NR does not support the CRS. NR CSI-RS is designed with very flexible configuration for support the MIMO, RRM, and time/frequency tracking. In this section, we will further discuss the design of the NR positioning reference signal based on the NR CSI-RS.
As discussed in Section 2.1, NR PRS should support the following aspects: 
	1. Different PRS subcarrier spacings Δf_PRS=15⋅2^μ kHz (μ=0,1,2,3,4) should be considered.
2. At least a single antenna port is used for NR PRS transmission.
3. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Different PRS RE density -on different symbols may be considered.
4. The PRS sequences generated based on length-31 Gold sequences should be considered.
5. The initialization of the random sequences for PRS generation should depend, at least, on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
6.  The PRS sequences generated based on Kasami sequences can be considered.
7. NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers, and avoid the scenario that there are no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.
8. NR PRS also needs to consider the design of multi-beam PRS transmission with the unified approach for both TDD and FDD systems and for both FR1 and FR2.
9. For supporting multi-beam transmission of the PRS signals, NR PRS mapping in the time domain should consider: a) the concept of PRS block and PRS block set; b) the mapping of the OFDM symbols in a PRS block and the mapping pattern of the PRS blocks in a PRS block set (a PRS occasion); and c) the transmission period and transmission offset of the PRS block set (a PRS occasion).
10. For supporting the multi-beam transmission of the PRS signals, the PRS muting patterns should be considered that take the multi-beam transmission of the PRS signals into consideration.



Based on the design and the framework of the NR CSI-RS, NR CSI-RS already possesses the characteristics of NR PRS identified above (e.g., the items of No.1 to No. 5, No.8) and can support the rest of the characteristics of NR PRS with the following enhancements for supporting both cell-specific and UE-specific PRS.
1) For Item No.6, the current CSI-RS is generated with length-31 Gold sequences, which has the pseudo-random number sequence (PRN) length of . Based on the consideration that the optimal cross-correlation property of a Gold sequence is achieved at the full length of the sequence is used, and in practical application, the length of the PRS will be much shorter than the full PRN length of the length-31 Gold sequences, the PRN may be generated with shorter length-31 Gold sequences or the Kasami sequences which have better cross-correlation properties;
2) For Item No. 7, the current CSI-RS mapping doe not fully support the evenly mapping to all OFDM symbols in a slot. This can be done with the enhancement from the current CSI-RS mapping requirements;
3) For Items No. 9 and 10, the current CSI-RS configuration already supports the multi-beam transmission of the reference signals. The current CSI-RS configuration may be further enhanced to make it easy to support the concept of the PRS block, PRS block set, PRS transmission occasion (i.e., transmission period and transmission offset of the PRS block set), based on the existing configuration of the CSI-RS resource set and transmission configuration and the offset.

In summary, the new NR PRS can be developed based on the existing framework of the CSI-RS with some enhancements or modification on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset, and allowing the configuration the orthogonal CSI-RS resources transmitted from the neighbouring cells from the purpose of PRS muting and interference avoidance.   
[bookmark: _Toc5113983][bookmark: _Toc5114007]Proposal 18: Support the NR PRS design based on the existing framework of the NR CSI-RS with possible modification and enhancement on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset, and allowing the configuration the orthogonal CSI-RS resources transmitted from the neighbouring cells from the purpose of PRS muting and interference avoidance.

Design of NR UL PRS signals
Regarding the UL reference signal design for positioning, the objective of WID [1] is to define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA. 
Before identifying the possible enhancements, let us firstly take a look at what are the available features specified for NR Rel-15 SRS. Rel-15 SRS supports:
     -	Multiple symbol SRS configuration  
-	Multiple SRS resources and resource sets configuration 
-	Beam sweeping 
-    Comb based SRS pattern
-  Bandwidth part specific configuration 
 For positioning purpose, there are additional requirements for SRS design. More specially, it includes:
-	SRS transmission targeted to multiple cells and multiple gNBs
-	More flexible SRS transmission configuration (e.g., denser SRS resource mapping) for positioning measurement 
In addition, the enhancements for UL SRS were proposed during the SI Error! Reference source not found.:
· SRS physical structure (e.g. comb configuration, sequence design)
· SRS resource enhancements (e.g. resource configuration settings, resource set usage for positioning)
· SRS beam alignment and beam sweeping procedures
· SRS transmission power control
· SRS timing advance procedure
· SRS BW configuration enhancements w.r.t. to UL BWP

SRS physical structure
NR SRS are low-PAPR sequences as LTE SRS. NR SRS supports all of the configurations related to UL positioning as supported by LTE SRS. Furthermore, NR SRS has the following advantages over LTE SRS, which are critical for UL positioning: 
· LTE SRS bandwidth can only be configured up to 96 RBs. NR SRS bandwidth can be configured up to 272 RBs;
· LTE SRS is transmitted only at the last OFDM symbol in a slot. NR SRS resource can be configured with {1, 2, 4} consecutive SRS OFDM symbols, and can be placed anywhere at and after the OFDM symbol index 8 in a slot.
Thus, it is expected that NR SRS has already superior than LTE SRS for supporting UL positioning. 

Still, in order to provide better measurement quantity for NR positioning, further enhancement of SRS physical structure, such as the resource mapping pattern can be considered. In Rel-15, SRS comb and offset are same for all OFDM symbols within one SRS resource. But in positioning, the mapping patterns, e.g., the staggered patterns as shown in Figure 17, where the UL PRS REs are evenly distributed to all subcarriers may provide better performance in UL RTOA detection with side lode suppression, which has been demonstrated in DL PRS design. 
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 a SRS resource by the RRC signaling. Another method is to define the staggered pattern for a SRS resource, where the subcarrier shifts of the SRS symbols depends on the sequence number of the SRS symbols. The dependency is pre-defined in the physical layer specification. The former offers more configuration flexibility, but requires more bits in RRC signaling to indicate symbol specific subcarriers offset; and latter needs fewer or no bits in RRC signaling for the definition of the staggered patterns, but has less configuration flexibility. In principle, both methods are feasible. 
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



[bookmark: _Ref5051969]Figure 17. SRS pattern for positioning
[bookmark: _Toc5113984][bookmark: _Toc5114008][bookmark: _Toc1116801]Proposal 19: Staggered SRS patterns can be considered for NR positioning. 
SRS resource configuration
Following Rel-15 SRS framework, a UE can be configured with a number of SRS resources and each resource contains up to 4 SRS symbols. Regarding the SRS transmission, NR supports periodic, aperiodic, and semi-static SRS transmission. The existing configurations for SRS transmission mode, transmission periodicity and transmission offset can be reused for NR positioning.

[bookmark: _Toc5113985][bookmark: _Toc5114009]Proposal 20:  The existing configurations for SRS transmission mode, transmission periodicity and transmission offset  can 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 18).

[image: ]
[bookmark: _Ref534483618]  Figure 18. 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 19, which is similar with LTE UTDOA procedure, to explain the benefits of using the beam information for supporting the UL positioning. 

[image: ]
[bookmark: _Ref534481541]Figure 19. 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: _Toc534641006]Proposal 21: The beam information of the DL reference signals (e.g., SSB, CSI-RS tec.) and UL refernece signals (e.g., SRS) should be included in the messges exchanged between UE, gNBs, and LMF for supporting UL positioning based on SRS signals.

SRS timing advance procedure

SRS from a UE may be received from multiple cells/gNBs for supporting NR positioning. Due to the distance differences from the UE to these cells/gNBs, the time of arrival from the UE to these cells/gNBs will be different, and there can be potentially mutual interference between the SRS signals and other UL signals. To reduce the potential mutual interference due to the different of the TOAs, there was proposal to let the UE to use different TAs for transmitting the SRSs to different cells. 
There are a number of challenges for such kind of implementation. First, the UE needs to know beforehand what are the TAs for difference cells. The information is not available to the UE unless the UE already known its own positions and the positions of the cells/gNBs. Second, changing the TAs to fit the remote gNB may cause the interference to nearby cells/gNBs. The interference may be significant due to the UE is closer to these cells/gNBs. On the other hand, due to the UL power limitation, we do not expect the cells very far away from a UE will/should be involved in the UL positioning for a UE. Thus, we do not see the clear need and benefits to let the UE to adjust TAs for the transmission of the SRS for remove cells/gNBs.

[bookmark: _Toc5113987][bookmark: _Toc5114011]Proposal 22: NR should avoid defining new SRS timing advance procedure for supporting NR positioning unless it is demonstrated with the clear benefit for NR positioning without adverse impact on NR data communication. 

SRS transmission power control

UL power control is commonly associated with the serving cell, i.e., allowing the serving cell to receive the UE signals with target BLER while minimizing the power consumption and interference. In order for a neighboring cell to receive the SRS from a UE properly, one might think the SRS transmission power could be based on the PL from the cell to the UE. The problem for such method is that the SRS signals are commonly not received by one neighboring cell, but multiple cells, including the serving cell. Changing the SRS Tx power control based on the PL of the neighboring cells could potentially introduce large interference for the reception of other signals. Thus,  

[bookmark: _Toc5113988][bookmark: _Toc5114012]Proposal 23: NR should avoid defining new SRS power control procedure for supporting NR positionin,  unless it is demonstrated with the clear benefit for NR positioning without adverse impact on NR data communication.  

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 and measured 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, consider that only one UL BWP can be activated according to current specification, there seems no need for UE to transmit SRS outside the active BWP.
[bookmark: _Toc5113989][bookmark: _Toc5114013]Proposal 24: No additional enhancement is needed in terms of the SRS transmission bandwidth for NR positioning.

Conclusion
In this contribution, we discussed the NR DL & UL reference design for positioning purpose and made the following observation and proposals:
DL reference signal for NR positioning:
Obervation 1: S-PRS can achieve the same TOA estimation performance as P-PRS with lower SNR, at the expense of multiple slots overhead.
Proposal 1: The configuration and the transmission of the DL PRS of a cell should be cell-specific. However, it should not prevent the network from providing different information about the configuration of DL PRS transmission to different UEs.
Proposal 2: NR should support the subcarrier spacings of 15kHz, 30kHz and 60kHz for FR1 and the subcarrier spacing of 60kHz and 120kHz for FR2. If it is decided to support DL positioning for IDLE mode UE, NR should also support the subcarrier spacings of 240kHz for FR2.
Proposal 3: NR should support the DL PRS transmission in the whole carrier bandwidths which are defined in TS 38.104, namely {5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100} MHz for FR1, and {50, 100, 200, 400} MHz for FR2;
Proposal 4: NR should at least support the DL PRS transmission bandwidth configurations, which correspond to the maximum number PRBs of the carrier bandwidths supported by NR as defined in TS 38.104. The proposed DL PRS transmission bandwidth configurations are shown in Table 1 for FR1 and Table 2 for FR2.
Proposal 5: NR DL PRS should support the transmission periodicities of P={5, 10, 20, 40, 80, 160, 320, 640, 1280} slots for PRS occasions (or PRS resource sets). NR DL PRS may also consider the support the transmission periodicities of P={4, 8, 16, 32, 64} slots.   The DL PRS transmission offset can be configured in the range of {0, .., P-1} slots.
Proposal 6: The beam information of the DL/UL reference signals should be included in the messges exchanged between UE, gNBs, and LMF for supporting DL positioning. Adopt the text proposal in Appendix A for TR 38.855.
Proposal 7: Gold sequences of order 31 can be considered for the generation of the NR DL PRS sequences in the evaluation of the NR DL positioning performance.
Proposal 8: The use of the truncated pseudo-random sequence generated from the Gold sequences of order 31 the Gold sequences does guarantee the good auto-correlation and cross-correlation of the pseudo-random sequence from the Gold sequences. Other sequences with better auto- and cross-correlation, e.g., the Gold sequences with the order smaller than 31 or the Kasami sequences, etc., may also be considered for the generation of the NR DL PRS sequences to overcome the drawback of the Gold sequences of order 31.
Proposal 9: For the randomization of the interference across PRS signals, the initialization of the pseudo-random sequence generator for the DL PRS sequences should depend on the OFDM symbol index in a slot, the slot number within a radio frame as well the PRS sequence ID as follows:
Proposal 10: NR PRS mapping in frequency domain should consider the mapping of the PRS symbols evenly to all subcarriers in PRS OFDM symbols, and avoid the issue associated with LTE PRS, e.g., no PRS signals for particular subcarriers in all PRBs, e.g., by using the sequential PRS OFDM symbol number, counted from the start of the PRS occasion.
Proposal 11: The density of PRS REs within a PRS RB should also be configurable, e.g., {1/2, 1, 2, 3, 4, 6}, where ½ implies there is one PRS RE for every two PRS RBs, and the PRS RE may be placed in even or odd numberd PRS RBs.
Proposal 12: NR should support the configuration of the N consecutive PRS OFRM symbols within a slot, where N can be {1, 2, 3, 4, 6, 12}. In addition, the starting positioning of the N consecutive symbols relative to the start of the slot should also be configurable such that the N consecutive PRS symbols can be flexiably allocated within the slot.
Proposal 13: NR should support the configuration of the NR DL PRS resource set. Each NR DL PRS resource set may include one or multiple NR DL PRS resources, and the maximum number of NR DL PRS resources in a DL PRS resource can be 192.
Proposal 14: NR may consider introducing the concept of OTDOA Positioning occasion, which contains a burst of PRS resource sets transmitted in a short time duraton for reducing the time delay and UE power consumption in OTDOA positioning. The duration of an NR DL PRS Occasion or the number of PRS resource sets of an NR DL PRS Occasion should be configurable within a certain range. For example, the duration of an NR DL PRS Occasion may be limited within [5]slots, and/or the number of PRS resource sets of an NR DL PRS Occasion is limited to 5.
Proposal 15: NR should consider introducing the muting for the DL PRS transmission. The PRS muting patterns should take the multibeam transmission of the DL PRS signals into consideration.
Proposal 16: Muting configurations can be supported in different levels, including 1) at the level of PRS groups; 2) at the level of  PRS occasions; 3) at the level of PRS resource sets; and 4) at the level of PRS resources.
Proposal 17: Support the NR PRS design with Primary PRS(P-PRS) and Secondary PRS(S-PRS) for DL positioning. The S-PRS is configured independent of P-PRS, with the properties shown in Appendix A.
Proposal 18: Support the NR PRS design based on the existing framework of the NR CSI-RS with possible modification and enhancement on the sequence generation, resource mapping, resource grouping, and the resource configuration, such as transmission period and offset, and allowing the configuration the orthogonal CSI-RS resources transmitted from the neighbouring cells from the purpose of PRS muting and interference avoidance.

UL reference signal for NR positioning:

Proposal 19: Staggered SRS patterns can be considered for NR positioning.
Proposal 20:  The existing configurations for SRS transmission mode, transmission periodicity and transmission offset  can be reused for NR positioning.
Proposal 21: The beam information of the DL reference signals (e.g., SSB, CSI-RS tec.) and UL refernece signals (e.g., SRS) should be included in the messges exchanged between UE, gNBs, and LMF for supporting UL positioning based on SRS signals.
Proposal 22: NR should avoid defining new SRS timing advance procedure for supporting NR positioning unless it is demonstrated with the clear benefit for NR positioning without adverse impact on NR data communication.
Proposal 23: NR should avoid defining new SRS power control procedure for supporting NR positionin,  unless it is demonstrated with the clear benefit for NR positioning without adverse impact on NR data communication.
Proposal 24: No additional enhancement is needed in terms of the SRS transmission bandwidth for NR positioning.
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Appendix A: Configuration Properties of S-PRS
The S-PRS is configured independent of P-PRS, and the followinf aspects should be considered:
a) The S-PRS can be configured to be ON/OFF;
b) The S-PRS transmission bandwidth can be greater than, less than, or equal to the bandwidth of the P-PRS signal;
c) The resource mapping pattern of the S-PRS can be the same as, or different from that of the P-PRS;
d) The S-PRS is transmitted in the DL slots where the P-PRS signal is not transmitted, and 
i) The S-PRS may be overlapping with the OFDM symbols/RBs/REs of DL data signals. In this case, the S-PRS should be configured with very low EPRE without interfering the reception of the DL data signals;
ii) The S-PRS may also be transmitted without overlapping the OFDM symbols/RBs/REs of DL data signals. In this case, S-PRS EPRE can be configured on a similar level as the P-PRS EPRE;
e) The S-PRS sequence generation method can be the same as or different from P-PRS sequence;
f) For supporting multibeam PRS transmission, the association of the P-PRS beams and S-PRS beams can be configured:
i) The number of P-PRS beams and the number of S-PRS beams can be the same or different; 
ii) One P-PRS may be associated with one or more S-PRS, and one S-PRS may be associated with one or more P-PRS;
iii) The transmission direction and beam widths of the associated P-PRS and S-PRS beams can be the same or different;
iv) The associated P-PRS and S-PRS can be configured to have or not have Quasi-co-location (QCL) relationship, and if having QCL relationship, what are the QCL relationship (e.g., 'QCL-TypeA' : {Doppler shift, Doppler spread, average delay, delay spread} , 'QCL-TypeD': {Spatial Rx parameter}, etc.)
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