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In RAN plenary meeting #83, the work item of NR Positioning Support was approved [1]. The following is one of the objectives for the WID.
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
In this contribution, we present our views on DL Positioning Reference Signal (PRS) design and UL SRS enhancements for positioning.
DL PRS design
During the study item, the following agreements were reached on DL PRS design [2].
NR DL PRS design for FR1 and FR2 should support:
-	Configurable NR DL PRS signal bandwidth
-	The granularity of configuration, relationship with BWPs and whether the configuration is cell and/or UE specific are left to future specification work.
-	Configurable NR DL PRS signal numerology (SCS)
-	Whether CP for NR DL PRS is configurable is left to future specification work.
-	Configurable NR DL PRS frequency and time allocation
-	Use of DL beam sweeping / alignment
-	i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
-	Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
-	signaling details are left to future specification work. 
-	Dedicated NR DL PRS resources - time-frequency grid at resource block level 
-	PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
-	e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
-	There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
-	FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded
-	Whether to support interference randomization techniques across PRS signals is left to future specification work. 
-	Whether to support shared in time/frequency NR DL PRS resources with other transmissions including data/control is left to future specification work, including:
-	Which physical channel/signals can share resources with NR DL PRS 
-	Whether to support interference randomization techniques for PRS transmission with other signals   
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 left to future specification work.
-	In any OFDM symbol, PRS resource occupies consecutive PRBs
-	Whether multiple symbols can be non-consecutive is left to future specification work.
-	Whether to support PRS Resource Set is left to future specification work. 
For NR DL PRS resource design:
NR DL PRS resource design with one antenna port is supported. The use of more than two antenna ports per NR DL PRS resource need not be supported. Whether to support two antenna ports is left to future specification work.
-	A PRS resource should have a PRS resource ID and a PRS sequence should have a PRS sequence ID 
PRS patterns
Regarding PRS allocation in time and frequency domain, there were discussions on whether comb-1 and/or other staggering RS pattern should be used for PRS [3, 4]. Compared to comb-1 where RS occupies only one OFDM symbol, diagonal RS design can suppress secondary cross-correlation peaks caused by RS from different symbols which can reduce the interference when detecting the first path.  Furthermore, adding RS symbols can also improve the power of maximum peaks to obtain better RSTD accuracy. Similar to LTE PRS design, we think diagonal RS pattern is a good choice for NR DL PRS. 
Fig. 1 illustrates a diagonal pattern with 11 symbols and a comb-6 structure which supports FDM of PRSs from 6 cells where each cell (TRP) can be configured with distinct staggered PRS pattern. It can be used for DL PRS at least for FR1. For FR2, considering the multi-beam operation in high frequency, the large time span of symbols occupied by PRS may need to be limited to reduce time duration because of large time overhead. So PRS patterns with small time spans should be specially designed for multi-beam operation. To ensure performance, the density of RS can be appropriately increased. Fig. 2 shows a candidate PRS pattern for multi-beam operation. 
              
      Fig.1 a candidate pattern for DL PRS                  Fig.2 a candidate pattern for multi-beam operation
In contrast to LTE, it is hard to define a single pattern satisfying all the deployment cases in NR due to much higher flexibility provided by the NR physical layer structure and configurations. For example, considering all the numerologies (SCS and CP) supported by NR and various deployment scenarios, it is very straight forward to design and specify multiple DL PRS patterns. Thus, PRS pattern design should consider different positioning accuracy requirements and be flexible enough to satisfy them with reasonable cost (i.e. overhead). In the scenarios where performance requirements are not stringent, the PRS pattern design with less overhead could be adopted. While in some other high accuracy scenarios, the pattern with large overhead should be considered. 
One way is to define a basic pattern firstly, and then extend or truncate the pattern according to different scenarios. The basic pattern can be classified according to comb structure.  In addition, to ensure better correlation performance, it is preferable to allocate PRS RE for each subcarrier in the PRB. Therefore, several basic patterns based on different comb structures can be defined as below.

Fig.3 a basic pattern of comb-12        Fig.4 a basic pattern of comb-6

Fig.5 a basic pattern of comb-4              Fig.6 a basic pattern of comb-3
The pattern with comb-12 structure not only can be configured with the largest power boosting of 10.8 dB, but can also be applied for 12 cells simultaneously using FDM which can reduce inter-cell interference. Both of which can greatly improve the hearability of cells far away from UE. But this pattern has large time overhead especially for PRS beam sweeping transmission. For the pattern with comb-6 structure, the time span is reduced to 6 symbols with available power boosting of 7.8 dB. The frequency density is the same as LTE PRS. To reduce time domain overhead, the patterns in Fig.5 and Fig.6 can be considered which are more suitable for multi-beam operation. 
The other patterns can be generated by repeating one or more symbols of the basic patterns. For example, in Fig.7, the pattern can be generated by the basic pattern in Fig.3 with repetition of 6 symbols. While in Fig.8, the pattern can be done by repeating 4 symbols from the pattern in Fig.5.

Fig.7 a pattern of comb-6                     Fig.8 a pattern of comb-4
[bookmark: Obs1]Observation 1: PRS patterns can be formed by repeating symbols of the basic patterns.
We evaluate the performance of different patterns firstly in the Indoor scenario with the results shown in Fig.9.
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Fig.9 positioning performance with different patterns for Indoor scenario
From our evaluation results, it can be seen that the performance of various patterns is very close in Indoor scenario, especially for the cases under large bandwidth. The basic patterns without symbol repetition seem to be sufficient. In addition, to reduce beam sweeping time, the basic patterns with few symbols are recommended.  However, when the bandwidth drops to 5MHz, an obvious performance difference of different patterns is observed. The patterns with large comb size and large number of symbols have better performance. The reason is that the pattern with large comb size can satisfy the orthogonality between more positioning cells and the large number of symbols of a PRS pattern lead to higher SNR.  Considering the trade-off between performance and overhead, the basic pattern of comb-4 seems to be a good choice for Indoor scenario.
[bookmark: Obs2]Observation 2: For Indoor scenario, the performance of different patterns is close, especially for the cases under large bandwidth.
[bookmark: Obs3]Observation 3: For Indoor scenario, the patterns with large comb size and large number of symbols have better performance.
[bookmark: Pro1]Proposal 1: Considering the trade-off between performance and overhead, the basic pattern of comb-4 should be adopted for Indoor scenario.
Then we evaluated the performance in outdoor scenario such as UMi with the results shown in Fig.10 below.
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Fig.10 positioning performance with different patterns for UMi scenario
From the simulation results, it can be concluded that regardless of the bandwidth, the performance difference is much larger and obvious for different patterns in outdoor scenario.  The patterns with low overhead are no longer the ideal choice. From our point of view, considering the performance and overhead, the basic comb-12 pattern is a good choice for outdoor scenarios.
[bookmark: Obs4]Observation 4: For outdoor scenario, the performance difference of different patterns is obvious.
[bookmark: Pro2a]Proposal 2: Considering the trade-off between performance and overhead, the basic pattern of comb-12 should be adopted for outdoor scenario.
In summary, considering the various scenarios in NR, it is necessary to define configurable patterns to meet various performance requirements, just like CSI-RS in NR. Therefore, multiple patterns should be supported for PRS resource mapping.
[bookmark: Pro2]Proposal 3: Multiple DL PRS patterns should be supported.
PRS bandwidth
NR PRS design should consider the operation in low and high frequency band of NR radio-technology. PRS should support scalable bandwidth from 5 MHz to 400 MHz. Large bandwidth can bring good correlation performance and high RSTD resolution. Based on the evaluation results during the SI [2], it is observed that using PRS with a 400 MHz bandwidth can meet the stringent requirement of 1 m. Therefore we propose that the bandwidth of NR PRS should not be limited to the active BWP. 
Another reason to configure PRS bandwidth as cell-specific instead of dependent on UE’s BWP is that the location server (i.e., location management function LMF) and neighboring cells do not need to know the UE’s BWP specific parameters in the serving cell.
When PRS bandwidth is larger than UE’s active BWP, UE can measure PRS on inactive BWP through measurement gap.
[bookmark: Pro3]Proposal 4: The bandwidth of DL PRS is not limited to the bandwidth of UE’s active BWP.
· Reuse measurement gap when the PRS bandwidth is larger than the bandwidth of UE’s active BWP.
PRS numerology
PRS should support all the numerologies supported by NR, i.e., scalable bandwidth from 5 MHz to 400 MHz, subcarrier spacing from 15 kHz to 240 kHz and carrier frequency below and above 6 GHz. CP is used to eliminate inter-symbol interference and the CP length is generally greater than the delay spread of the channel. Table1 lists the CP length in different numerologies supported by NR. For 120 kHz subcarrier spacing, the CP length is 0.57 us corresponding to a distance of 171 m. In some scenarios where the network configures RPS on the cells far from the UE, it’s hard to guarantee that RSTD is within the CP length. Thus it is necessary to allow configuration of extended CP for NR DL PRS.
Table1 Supported transmission numerologies
	
	
	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal


[bookmark: Pro4]Proposal 5: Support configuration of extended CP for DL PRS.
PRS beam configuration
Beam sweeping / alignment has been agreed to be supported by DL PRS [2]. Beam related information can provide spatial and angular domain information such as accurate arrival/departure angle, which in turn provide additional benefit for UE position measurement. However, analog beamforming causes scheduling restriction that each symbol is transmitted using only one beam per panel, which affects PRS design especially in FR2. In order to support beam sweeping / alignment, we think beam configuration for the serving cell PRS could refer to beam configuration of CSI-RS or SSB of the serving cell. Beam configuration of neighboring cells PRS could refer to the optimal beam pair of the SSB of neighboring cells. 
[bookmark: Pro5]Proposal 6: PRS should be configured with beam information referring to CSI-RS or SSB of the serving cell and/or neighboring cells.
In LTE, PRSs from multiple cells or TRPs can be transmitted at the same time if ignoring synchronization error. UE may directly calculate the RSTD according to the arrival time of the PRSs. But in NR, for multi-beam operation, UE may receive PRSs through multiple RX beams as shown in Fig.11. The receiving time of PRSs is T1 and T2. The transmitting time is t1 and t2. So the RSTD can be represented by (T2-t2)-(T1-t1). Not the same as LTE, when measuring RSTD from different RS beam in NR, UE should consider the time difference between different receiving beams. For instance, a reference beam should be defined to support relative timing difference among beams. More details can be referred to our companion contribution [5].

Fig.11 Reception of NR PRS beams     
[bookmark: Pro6]Proposal 7: A reference beam should be defined to support relative timing difference when UE measuring RSTD from different RS beams.
PRS sequence
Considering the good performance and small impact on RAN1 specification, we propose to reuse pseudo-random QPSK sequence as NR DL PRS sequence which has been specified for LTE PRS. Same as in LTE, the initial value of the PRS sequence should take the cell/TRP ID, CP type, slot/symbol number into account. Furthermore, in order to support beam sweeping /alignment of PRS, a beam ID or SSB index should be taken into account as well. 
[bookmark: Pro7]Proposal 8: Adopt pseudo-random QPSK sequence as NR DL PRS sequence.
Proposal 9: The initial value of the DL PRS sequence should take the cell/TRP ID, CP type, slot/symbol number, a beam ID or SSB index into account.
PRS transmission
Periodic PRS has been already agreed for downlink positioning in LTE. However, for NR, we foresee some scenarios which may need more than periodic PRS transmission. In multiple use cases such as beam switching, BWP switching, aperiodic positioning request from UE/network etc., periodic PRS may not be always available. Therefore, it is essential to introduce aperiodic and semi-persistent DL PRS transmission. 
[bookmark: Pro8]Proposal 10: Support periodic, aperiodic and semi-persistent transmission for DL PRS.
As discussed in PRS bandwidth, it is desirable to configure DL PRS as cell-specific instead of UE-specific since multiple UEs in a given area may share/use the same DL PRS configuration. The triggering signaling for aperiodic (on-demand) positioning could be UE-specific. 
PRS multiplexing with existing reference signals
One of the objectives of the WID is to identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques. There were several candidate reference signals studied during the SI. For example, SSB and CSI-RS are two candidates. It has been concluded during the SI that the existing reference signals are not sufficient to meet the positioning performance requirements. 
Although the UE may utilize those signals for positioning when transmitted from the gNB(s) along with DL PRS, we think there’re several factors we need to consider on whether these reference signals can be used together with PRS.
First of all, the periodicity and bandwidth of Rel-15 NR reference signals such as SSB and CSI-RS are likely not the same as DL PRS. The reason is obvious as Rel-15 NR reference signals are not designed for positioning purpose at all. For example, the SSB only occupies the center bandwidth of the system bandwidth. Furthermore, the configuration and signaling of Rel-15 NR reference signals such as CSI-RS may not be suitable for positioning purpose. For instance, CSI-RS is configured specific to UE. Although multiple UEs can also share the same resource, the signaling is still UE-specific. This would cause large signaling overhead when configure or change CSI-RS patterns for positioning in a given area. Another issue need to consider is how the UE measures all these Rel-15 NR reference signals together with PRS and generates the reports for positioning purpose. Given all the difference in terms of configuration (e.g., bandwidth, periodicity, patterns), it is not clear how it would be feasible for now. 
UL SRS enhancement for positioning 
During the study item, some enhancements of SRS for positioning were studied though no agreement on whether and which enhancements are needed.
SRS configuration enhancements
In NR Rel-15, in frequency domain, SRS is per BWP configured; while in time domain, SRS can be configured with maximum 6 symbols within a slot. According to different functionalities, SRS can be used for codebook based transmission, non-codebook based transmission, antenna switching and beam management. One or more SRS resource set(s) can be configured for a UE with one of the above usages. Each SRS resource set may involve one or more SRS resource(s), and each SRS resource may involve one or more SRS antenna port(s). In addition, SRS frequency hopping and carrier switching are also supported as in LTE.
To guarantee accuracy of positioning in different scenarios in NR, a flexible SRS design is required as current SRS design is not sufficient. Firstly, SRS transmission symbols may need to be extended to the whole slot symbols to avoid interference and increase network capacity of simultaneous positioning users. Secondly, SRS transmission bandwidth configuration should take uplink coverage into account, as wider bandwidth means lower power spectral density. Thirdly, a separate SRS resource set may need to be introduced for positioning only which is different from other SRS functionalities. The SRS resource set can be configured with multiple SRS resources, each SRS resource with one port and the related pattern. For better positioning correlation performance and uplink coverage, a diagonal SRS pattern can be considered as depicted in Fig. 12. In current, a common SRS pattern is supported for one SRS resource. In order to support staggered pattern for one SRS resource, a new higher layer parameter to indicate the RE offset between SRS symbols may need to be additionally introduced to reduce signaling overhead. Frequency hopping and carrier switching may need to be disabled to improve positioning accuracy. Fourth, SRS spatial information indication mechanism for both UEs with and without beam correspondence should be considered. When beam correspondence is held at UE side, SRS spatial information can be acquired by the DL channel; otherwise, SRS spatial information can be acquired by SRS beam sweeping. In addition to beam repetition off, beam repetition on also should be supported to enhance positioning robustness as depicted in Fig. 13. Last but not the least, overhead reduction should be kept in mind for SRS design for positioning.
 
Fig. 12 An example of SRS pattern for positioning

Fig. 13 An example of SRS beam repetition for positioning
Proposal 11: For UL positioning, the following enhancements on SRS configuration should be considered,
· SRS can transmit on whole symbols within a slot.
· SRS resource set with usage of ‘positioning’ is supported.
· SRS repetition on is supported. 
Similar to the DL PRS, we also evaluate the performance of some typical patterns of SRS with normal and staggered structure as shown below in Fig.14 - Fig.19.

Fig.14 a staggered pattern of 4 symbols       Fig.15 a basic pattern of 4 symbols

Fig.16 a staggered pattern of 2 symbols       Fig.17 a basic pattern of 2 symbols

Fig.18  1 symbol (comb-2)                        Fig.19 1 symbol (comb-4)
The performance of different patterns in the Indoor and UMi scenario are shown in Fig.20 and Fig. 21.
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Fig.20 SRS positioning performance with different patterns for Indoor scenario
From the evaluation results, it can be seen that the performance of various patterns are very close in Indoor scenario, especially under large bandwidth. However, when system bandwidth is reduced to 5MHz, an obvious performance difference of different patterns can be observed. In large bandwidth case, SRS with one symbol is sufficient for uplink positioning. In contrary, to enhance the positioning performance in narrow bandwidth case, more SRS symbols are required, such as using SRS pattern with 4 symbols.



[image: ][image: ]  [image: ][image: ]
Fig.21 SRS positioning performance with different patterns for UMi scenario
According to above evaluation results, it can be seen that the patterns with 4 symbols have better performance than other patterns in outdoor scenaios. In addition,  we can also find that the performance of the staggered pattern is better than the normal pattern of SRS. Therefore, for uplink postioning, the staggered pattern with 4 symbols of SRS can be considered especially for outdoor scenarios. 
[bookmark: Pro12][bookmark: Pro9]Proposal 12: The staggered pattern with 4 symbols of SRS is supported for uplink positioning. 
TA and power control
Regarding uplink timing advance and power control issues, since both timing advance and power control mechanism are based on the serving cell in current specification, the UE has to perform cell switching to transmit SRS for each positioning gNBs, which reduce uplink positioning speed. Therefore, uplink TA adjustment and power control mechanism may need to be enhanced to support simultaneous reception for other positioning cells besides the serving cell. At least power control reference pathloss reference signal based on non-serving cells can be considered to accelerate positioning process. More details can be referred to our companion contribution [6]. 
[bookmark: Pro10]Proposal 13: For UL positioning, support power control mechanism enhancement to transmit SRS for all positioning cells.
Sequence generation
In LTE and NR Rel-15, SRS sequence generation is based on ZC sequence, as ZC sequence has good auto correlation, cross correlation and PAPR properties. However, in NR Rel-16, to reduce PAPR for UL with transform precoding on and pi/2-BPSK modulation, new DMRS sequence are introduced. For new DMRS sequence, when sequence length is larger or equal to 30, Gold sequence is used; otherwise, CGS is used. 
During the SI, it has been clearly shown by multiple sources that the UL positioning performance is much worse than that of DL especially for Uma scenario [2]. One reason we believe is the limited transmit power of UE and hence limited UL coverage for positioning. Thus, motivated by the usage of new DMRS sequence for NR in Rel-16, we investigate the performance of SRS for positioning with different sequence generation.   
Similar to the low PAPR DMRS sequence design in Rel-16, SRS sequence generation can also reuse the new DMRS sequence to further reduce PAPR. Additionally, due to low PAPR property, SRS coverage and positioning accuracy would be enhanced. The PAPR performance comparison between ZC sequence and Gold sequence are depicted in Fig. 22. From the evaluation, it can be seen that Gold sequence provides better PAPR performance than ZC sequence.  
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Fig. 22 PAPR performance between ZC and Gold sequence
Based on the UTDOA evaluation assumption of UMi scenario in [2], we further evaluate positioning performance between ZC sequence and Gold sequence above.  Since the PAPR of Gold sequence above is lower than ZC sequence, it can be assumed that if Gold sequence is used as the uplink positioning sequence, the maximum transmit power of the UE can be improved compared to using ZC sequence. 
For fair comparison, we select 60 UEs with limited positioning performance due to low uplink coverage. Take the results of PAPR performance in Fig. 6 into account, we first compare the positioning performance of the two sequences in the case where the transmit power of Gold sequence is 1 dB higher than that of ZC sequence which is depicted in the left side of Fig. 23. It is observed that 1 dB boosting of transmission power lead to a better performance of Gold sequence than that of ZC sequence. When the transmit power of Gold sequence is improved by 2 dB, while ZC sequence still maintains the original transmit power, an even larger performance gain of Gold sequence with 2 dB boosting is observed. It is confirmed that the uplink positioning sequence with lower PAPR can achieve better positioning performance, especially in the case where the uplink coverage is limited. Therefore, based on our evaluation results, we propose to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2-BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
In addition, the pi/2-BPSK modulation sequence which is based on the Gold sequence has large sequence size compared to ZC sequence. This property is beneficial for positioning as it can guarantee different sequences for different UEs.
 [image: ][image: ]
Fig. 23 Positioning performance between Gold sequence (1dB (left) and 2dB (right) transmit power boosting) and ZC sequence
[bookmark: Pro11]Proposal 14: In addition to ZC sequence, support to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2- BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
There is no need to search any new sequence if reusing the existing DMRS sequence for DFT-s-OFDM based PUSCH. Thus only a new signaling for UE is needed to indicate the sequence currently in use. This will not introduce too much signaling overhead at all especially if the SRS sequence indicator is contained in the RRC signaling for positioning. The gNB RX procedure can be the same as the existing SRS.
Conclusion
In this contribution, we discuss DL PRS design and UL SRS enhancements for positioning with the following observations and proposals:
Observation 1: PRS patterns can be formed by repeating symbols of the basic patterns.
Observation 2: For Indoor scenario, the performance of different patterns is close, especially for the cases under large bandwidth.
Observation 3: For Indoor scenario, the patterns with large comb size and large number of symbols have better performance.
Observation 4: For outdoor scenario, the performance difference of different patterns is obvious.
Proposal 1: Considering the trade-off between performance and overhead, the basic pattern of comb-4 should be adopted for Indoor scenario.
Proposal 2: Considering the trade-off between performance and overhead, the basic pattern of comb-12 should be adopted for outdoor scenario.
Proposal 3: Multiple DL PRS patterns should be supported.
Proposal 4: The bandwidth of DL PRS is not limited to the bandwidth of UE’s active BWP.
· Reuse measurement gap when the PRS bandwidth is larger than the bandwidth of UE’s active BWP.
Proposal 5: Support configuration of extended CP for DL PRS.
Proposal 6: PRS could be configured with beam information referring to CSI-RS or SSB of the serving cell or neighboring cells.
Proposal 7: A reference beam should be defined to support relative timing difference when UE measuring RSTD from different RS beams.
Proposal 8: Adopt pseudo-random QPSK sequence as NR DL PRS sequence.
Proposal 9: The initial value of the DL PRS sequence should take the cell/TRP ID, CP type, slot/symbol number, a beam ID or SSB index into account.
Proposal 10: Support periodic, aperiodic and semi-persistent transmission for DL PRS.
Proposal 11: For UL positioning, the following enhancements on SRS configuration should be considered,
· SRS can transmit on whole symbols within a slot.
· SRS resource set with usage of ‘positioning’ is supported.
· SRS repetition on is supported. 
[bookmark: _GoBack]Proposal 12: The staggered pattern with 4 symbols of SRS should be adopted for uplink positioning. 
Proposal 13: For UL positioning, support power control mechanism enhancement to transmit SRS for all positioning cells.
Proposal 14: In addition to ZC sequence, support to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2- BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
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