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Introduction
In RAN#83, NR positioning WID was approved [1] to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning techniques, including the following objectives.
“Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA”
During RAN1#96bis meeting, the design aspects of DL PRS were discussed with some initial agreements as well as some open issues. In this contribution we further discuss the design of DL PRS and provide our views accordingly.  
Discussion
PRS resource/resource set configuration
On the general picture of PRS resource set and PRS resource, the agreement of last RAN1 meeting is as follows:
Agreement:
· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID
· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP
· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)
· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 
According to our understanding, a PRS resource set corresponds to one TRP. But different TRPs should not have arbitrary configurations of PRS resource set. That’s because for positioning purpose, UE would expect all involved TRPs to transmit PRS at the same occasion so that the UE would not need to search over a long window. As shown in Figure 1, because of possible beam sweeping pattern of PRS, if the PRS resource sets are not aligned, the target UE has to keep searching across all the involved TRP’s PRS occasions until enough RSTD can be detected. This would increase the power consumption and latency. Hence, PRS resource set offset between TRPs should be avoided, which is to say some alternative resource locations should be identified as shown in Figure 2. Another reason is that we cannot allocate the resources usually used for control signaling and SSB to PRS, uncontrolled free configuration could only bring trouble.
Proposal 1: Locations of possible PRS resources should be predefined.
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Figure 1 PRS resource set offsets among TRPs
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Figure 2 PRS resource set alignment among TRPs
Inside a PRS resource set, there would be s list of candidate PRS resources. Considering different TRPs may be used for different level of positioning service and have different resource allocation situation, they certainly do not need to have same PRS configuration and take use all the candidate resources. That is to say, the UE could choose some of the candidate PRS resources as actually transmitted PRS resources as shown in Figure 3a and 3b. The candidate PRS resources not really used to transmit PRS by the certain TRP can also be used to transmit other signals or data. The PRS resource IDs can be indexed from 0 to 7 in this example, the gNB just needs to inform the LMF with a bit string, 10101010 for Figure 3 and 10000111 for Figure 4, to indicate the actually transmitted PRS resources. One thing needto be emphasized here is that the term PRS resource set should include all the candidate PRS resources, not only the actually transmitted ones. Obviously there is another option to consider the PRS resource set as only transmitted PRS resources, however, the signal overhead would be increased to transmit the same configuration information to LMF and UE. Assuming a general procedure would still be like that the LMF collects the TRPs PRS configuration and then send them to the UE, we could see any reason, not in the least, to choose a methods that would only add the burden.
Proposal 2: Use a bit string to indicate active PRS resources.
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Figure 3a Example of active PRS resources
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Figure 3b Example of active PRS resources
A problem we need to settle is where to put the PRS resources in. As mentioned before, the key issue here is to avoid collisions with PDCCH and cell-specific RS, which has always been the principle for LTE PRS design and many reference signal design. In time domain, the PDCCH can occupy 1-3 symbols of a slot, usually the first 2, and the cell-specific RS should be SSB that predefined within a time schedule unit of 5ms per numerology and the minimum periodicity is also 5ms. In frequency domain, the bandwidth of PDCCH is configurable, SSB could be transmitted on its raster, and the density of the raster is shown in Table 1. SSB is also designed to support beam sweeping that can cover all directions, the maximum number of beams was defined and the cell can choose a subset to transmit. For positioning, the requirement is also to cover a whole cell, so we do not see any reason to define a different number for beams to be supported, less or more. Take two typical cases as an example:one is possible SSB configuration of case A is shown in Figure 4. Assuming the SSB is being transmitted with 5ms periodicity, the best way to set PRS resource is to locate them in the last three slots within a half frame. Or else, if they appear in the first two symbols, we have to mute the PRS REs overlap with SSB RB, then if the SSB is also use its full frequency density, the PRS sequence will be too disjointed for positioning. For the configuration of Case D, as shown in Figure 5, there can be 64 SSB in time domain at most, so it is impossible for PRS to totally avoid collision with SSB if SSB is under its maximum transmission density. We could only try to set an offset so that at least some PRS resource do not overlap with SSB. For other configuration cases, the proper PRS resource allocation was illustrated in our previous contribution [2]. Of course if the SSB was using 10ms periodicity, the PRS resource set can use the rest half frame and the collision can be avoided totally. So to achieve the least collision with other signals, we give the following proposal:
Proposal 3: Define the starting symbol of alternative PRS resources within a time unit of 5ms.
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Table 1 SSB raster
[image: ]
Figure 4 PRS resource candidates for SSB case A
[image: ]
Figure 5 PRS resource candidates for SSB case D

PRS resource/resource set ID
PRS resource ID has been agreed since the SI, it is necessary  information for UE to know so that it can tell which beam(s) it is detecting. since it is not always possible for UE to decode data from neighbour cells, the design of explicit ID using some bit sequence may not work well. To contain it implicitly in the PRS sequence would be a reasonable way. 
Another problem is whether different PRS resources within one PRS resource set should have totally different PRS sequences or not, The only benefit of this option is that different resources can be distinguishable naturally with different sequences, as shown in Figure 6. Different color means different sequences, the UE can map the beam to its resources. But the drawback of this design is more piercing, to detect the PRS beam, UE has to generate all the sequences because it does not know which resource would be detected. An ideal solution should be that the first few symbols of the resources keep same, the last symbol of each resource is used to implicitly indicate the resource ID, as shown in Figure 7. Then the UE only need to generate very few sequences to detect the PRS beams, once done, another few sequences could be used to detect the PRS resource ID if it is needed, obviously we had another option to determine the resource ID by the time they were detected.
Proposal 4: Different PRS resources within a PRS resource set should transmit correspondingly same sequences for detecting.
At the beginning, PCI played the role of PRS sequence ID,  but PCI ambiguity problem appeared because the LTE PCI number is not big enough, which was already discussed in RAN1#85 and restated in our previous contribution [3]. In NR, considering the denser network implementation, it is natural to enlarge this parameter. Also this value had better to be integer power of 2, so just double the LTE PRS-ID is a proper solution.
Under the above design, the initial seed of PRS sequence in the first few symbols should be one of the following:





where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, is starting symbol of each PRS resource.
Proposal 5: Define the PRS sequence generation seed as one of the following:


[image: ]
Figure 6 PRS detecting with different PRS sequences 
[image: ]
Figure 7 PRS detecting with correspondingly same PRS sequences

PRS schedule

PRS muting means that in some occasion, some PRS should be transmitted with zero power so that other weak PRS from remote cell can be more easily detected. In our view, PRS resource set should also support muting, which means some PRS resource sets of a certain TRP should be muted sometimes and indicated to the target UE. This can also be achieved by a muting bit string, and together with PRS resource selecting string, the schedule of PRS transmission can be illustrated clearly. As shown in Figure 8, with a periodicity , predefined resource allocation to PRS resources in a PRS resource set, PRS resource muting bit string (11010), PRS resource selecting bit string (10101010) and maybe a starting point, the UE can clearly know where to expect PRS transmission. With this schedule method, the maximum information can be transmitted with the minimum signaling overhead.
Proposal  6 : Indicate PRS schedule with active PRS resource bit string and PRS resource set muting string.
[image: ]
Figure 8 PRS schedule

Quasi co-Location with other signals
QCL information is for sure helpful for UE to detect Rx beam to a certain PRS, but it is not easy for all PRS resources to have QCLed signals, even if they have, it is also not always possible for UE to detect them all from neighbour cells. So the most efficient way may be only indicating the QCL information with the signals detected by UE RRM measurement procedure. A selecting procedure is necessary no matter in LMF or gNB, the target UE should first report its RRM information, if a PRS resource is configured QCL with signals already included in RRM 
Proposal 7: Only indicate QCL information related to target UE’s RRM measurements.
Other signals as supplementary positioning RS
We noticed that in NR, some other reference signals such as TRS is quite near to match the positioning requirements, so, with the NR PRS playing the main role, it is also beneficial to pursue the possibility to reuse the Rel-15 RS as supplementary. We have to always keep in mind that other reference signals has their own liability and we should never never affect it. As we already explained in our past previous contribution, to use other RS for positioning will face PCI ambiguity problem and different implementation requirement, so the best they can do is to serve as supplementary. Within a PRS resource set, if a TRP does not choose to use all the candidate PRS resources, and it happen to has other RS configured between the actually selected PRS resources, it is a good chance to take use them to achieve a better coverage, as shown in Figure 9. Muting is mechanism that only bring benefits, we have to accept accuracy degeneration and latency increase with it, and this is another chance for supplementary RS to reflect its values. If they are supplementary RS configured near a muted PRS resource set, they can be used for RSTD measurements for some UEs that rely on this muted TRP at this occasion to perform positioning, as shown in Figure 10.
Proposal 8: Use legacy Rel-15 RS as supplementary to NR PRS.
[image: ]
Figure 9 Supplementary RS within a resource set
[image: ]
Figure 10 Supplementary RS set for muted PRS
Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1: Locations of possible PRS resources should be predefined.
Proposal 2: Use a bit string to indicate active PRS resources.
Proposal 3: Define the starting symbol of alternative PRS resources within a time unit of 5ms.
Proposal 4: Different PRS resources within a PRS resource set should transmit correspondingly same sequences for detecting.
Proposal 5:Define the PRS sequence generation seed as one of the following:

.
Proposal 6: Indicate PRS schedule with active PRS resource bit string and PRS resource set muting string.
Proposal 7: Only indicate QCL information related to target UE’s RRM measurements.
Proposal 8: Use legacy Rel-15 RS as supplementary to NR PRS.
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