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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”
The past RAN1#98bis meeting saw some progress on DL PRS, some features of NR DL PRS were initially identified, but there is still some distance to a complete design and some basic principles are unsolved. This contribution provides analysis on some open issues of DL PRS with our proposals.  
Discussion
PRS resource/resource set configuration
From the discussion of RAN1#97 and RAN1#98 meetings, some initial agreements have been achieved to form a general picture of PRS resource/resource set:
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. 
As shown in the agreements, the term PRS occasion for NR positioning is defined, inherited from LTE positioning. In LTE, a “positioning occasion” refers to several predefined consecutive subframes where PRS are transmitted. Our understanding is that the role of PRS occasion is to make sure some of the neighboring cells’ PRS sets are configured within certain PRS occasion so that they are aligned and the search window will not be too long.
Based on the understanding of past discussions as well as the existing reference signals’ design, two options for the structure of  PRS resource set can be further considered: 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Option1: a relative fixed PRS resource set configuration with the following features: 
· the potential PRS resource location is fixed (e.g. per 5ms)
· the maximal length of PRS resource set and PRS resource is fixed
· the real number of PRS resources in one PRS resource set are configurable, and depending on the number of analog beams
· [bookmark: OLE_LINK19][bookmark: OLE_LINK16]the real number of  PRS resources in different PRS resource sets belonging to different TRPs can be different
As shown in figure 1, all potential PRS resource sets with a unified length are located at some predefined locations and the number and relative location of potential PRS resources in one PRS resource set is fixed. The potential PRS resources are indexed according to such fixed number of potential PRS resources regardless of whether PRS resources are really transmitted or not. In case that some resource for potential PRS resources occupied by other transmission e.g. downlink control or uplink control, the index of such PRS resources will be reserved correspondingly. 
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Figure 1 Example of  nominal PRS resources
Option 2: comparing with relative fixed configuration of option 1, some restrictions can be relaxed. A more flexible PRS resource configuration in PRS resource set can be got in the following options, e.g.
· [bookmark: OLE_LINK28]Option 2-1: the potential PRS resource locations is not fixed, and the maximal number of  PRS resources is not fixed
· Option 2-2: the maximal PRS resource set duration is not fixed
The index of PRS resource can’t correspond to an exclusive resource since the number of maximal PRS resource in one PRS resource set is not fixed for both option 2-1 and option 2-2.
The pros and cons of the two options are listed and explained as below:
Option 1:
Pros: 
· Unified structure: all the locations of potential PRS resources are predefined. 
· Less signalling overhead for PRS configuration information.
· Flexibility: enough flexibility shown by configurable real transmission of PRS resource.
· [bookmark: OLE_LINK1]Potential combination detection across PRS resource sets, which is very important to achieve enough SNR 
· Less data transmission blockage by using fixed PRS resource location.
Cons: the maximal number of beams supported in one PRS resource set is fixed, which is not totally flexible.
Option 2:
Pros: 
· Flexible maximal number of beams supported in one PRS resource set and flexible locations for PRS resources
Cons: 
· Higher signalling overhead for PRS configuration information transmission.
· Higher detection complexity since PRS resources locations from different TRPs may be very different, which would bring much trouble to the half-blind PRS detection procedure.
· Difficult for potential combination detection across PRS burst sets
· Backhaul overhead and complexity.
· Severe data transmission blockage problem.
According to our understanding, a PRS resource set corresponds to one TRP. For positioning purpose, UE would expect the involved TRPs to transmit PRS at one or a few PRS occasions so that the UE would not have a overlong search window. As showed in Figure 2, because of possible beam sweeping pattern of PRS, if the PRS resource sets were not aligned, the target UE has to keep searching across all the involved TRP’s PRS occasions until enough RSTD could be detected, only power consumption and latency would increase. So PRS resource set offset between TRPs should be avoided, and unified structure of nominal PRS resources can solve this problem. 
Option 1 can also make PRS configuration transmission simpler. Since each potential PRS resource has an index, only the starting position of the PRS set and a bitmap of really transmitted PRS resources are needed. But with no restriction on the placement of the PRS in time domain, the index needs to allow identifying the exact symbol within the radio frame requiring a large signaling space for the index, especially for increased sub-carrier spacing. 
Because that only QCLed resources can be combined in detection, only option 1 allows combination. The backhaul refers to selection of the reference point. If the reference point is defined to be a resource or several resources, which has already been agreed, it would be more complex to be reported under option 2 than the unified structure. 
Once a neighbouring TPP is transmitting PRS within PRS-specific resources, other cells can not transmit anything in these resources either, so they will block the transmission of data and control signals. Under option1, we can arrange the potential PRS resource positions with these consideration, while option 2 will bring unnecessary risk. 
NR is standardized to be implemented in a vast number of different deployments and so does the location service, different levels of location services should be provided to different use cases. Furthermore, the level of beamforming utilization is likely to be different in different implementations and to leave some space for data or other signal transmission is always necessary. Hence, it is important to define the maximum number of beams supported per PRS occasion and allow the flexibility to choose a subset of the maximum number in deployments. Meanwhile, PRS should provide flexible support of antenna array and panel configurations as well as beamforming techniques. This may imply that the number of PRS beams the NR cell wishes to cycle through may be dependent on deployment scenario and location service requirement. Balance between performance and PRS overhead should be considered. Considering that the target UE may move through different cells during a PRS occasion, it is equally important to limit the measurement complexity from too widely varying time domain configurations of the PRS. A good trade-off between network configuration flexibility and UE PRS detecting complexity reduction is to fix the PRS resource set duration in the specification. The network will have the flexibility to configure varying number of PRS resources within a PRS resource set.
From the above analysis, only uncontrolled flexibility can be found as the only specialty of option 2, at the sacrifice of larger signalling overhead, higher detection complexity and potential worse detection performance, so it can not even be counted as an advantage. Furthermore, such flexibility will be weakened because the PRS configuration is supposed to be stable within a quite long period. In conclusion, there is really no reason to choose option 2.
Proposal 1: Choose option 1 as the PRS resource set structure.
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Figure 2a PRS resource set offsets among TRPs
[image: ]
Figure 2b  PRS resource set alignment among TRPs
The option 1 only form a general principle of PRS resource set and the parameters such as PRS resource number, PRS resource set length and resource pattern should also be decided. 
When considering the different options of defining the PRS resource set (e.g. to cover the whole beam sweep), two high-level options can be identified. Either all the PRS resources within the PRS resource set are transmitted in contiguous manner or in distributed manner.
The fastest way to transmit (and measure) the required PRS resources would be to use contiguous manner and this can provide short positioning latency. However, there could be a need to support large number of beams to cover all the directions and sending all the PRS resources in consecutive symbols would result a long gap in downlink and/or uplink data transmission. URLLC user plane latency target is 0.5ms for UL and DL, control signals also need certain number of symbols to guarantee transmission. Even if this may be challenging to meet for all sub-carrier options in time domain scheduling, it would be preferable to ensure sufficiently frequent occasions between PRS resources. Hence it would seem preferable to support distributed approach for PRS resources transmission.
Proposal 2: PRS resources transmitted in a PRS resource set should be distributed.
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 3. 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 4. 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.
[image: ]
Figure 3 PRS detecting with different PRS sequences 
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Figure 4 PRS detecting with correspondingly same PRS sequences
Proposal 3: Different PRS resources within a PRS resource set should transmit correspondingly same sequences for detecting.
PRS resource sequences
The purpose for nearly all reference signals design including PRS is mainly for a better behavior in self-correlation and cross-correlation. A few problems need to be considered. 
1. Separation for the PRBS (pseudo-random binary sequences) between two synchronized neighbouring cells across OFDM symbols.
This problem refer to that once the PRBS is a linear function of the initialization seed, the difference between two PRBSs will depend on the difference between the initialization seeds. Once the difference between the initialization seeds depends only on the difference between the Cell Ids, then the differences PRBSs will not change over time. An typical example could be:





 Let , , and .
2. Uniqueness of PRBS associated with different scrambling IDs.
This problem appeared in the process of solving the problem 1, one solution could be:
Cinit = 2^13 * ((L + 1)*(S + 1) * (M + 1)) + 2^9 * S + M
When the seed generation became more complex, two neighbour cells may come up with same ((L + 1) * (S + 1) * (M + 1)) value in the coincident OFDM symbols carrying downlink RS, especially for asynchronous network. This makes bad cross correlation of downlink RS between two cells appears by the period of 10 ms radio frame.
3. Potential I-Q flipping relationships between two PRBS associated with different scrambling IDs.
Also taking the generation above as example, there are scrambling ID pairs, M1 and M2 where M2 +1 = 2 * (M1+1). For example, (0,1), (1,3), (2, 5), (3, 7),... are these scrambling ID pairs. Between those scrambling IDs, cross correlation between I component of downlink RS of cell ID M1 and Q component of cell ID M2 doesn’t change according to the OFDM symbol number or subframe number. This is because multiplying an initial value of shift register by 2 is equivalent with shifting the scrambling sequence by 1 chip. 
All the 3 problems should be carefully considered and avoided in PRS sequence generation.
Proposal 4: PRS sequence seed should avoid the following three problems:
1.Separation for the PRBS (pseudo-random binary sequences) between two synchronized neighbouring cells across OFDM symbols.
2.Uniqueness of PRBS associated with different scrambling IDs.
3.Potential I-Q flipping relationships between two PRBS associated with different scrambling IDs
At the beginning, PCI played the role of PRS sequence scrambling 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 [2]. 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:


PRS resource BW
The following agreement was achieved in RAN1#98bis  meeting for PRS resource BW configuration. 
Agreement:
· [bookmark: OLE_LINK3]Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of [2176] PRBs.
· 4 PRB granularity is used for DL PRS BW configuration
· Maximum BW for DL PRS in PRBs does not exceed 272 PRBs
· Minimum BW for DL PRS in PRBs is not less than 24 PRBs
The maximum PRB number of start PRB parameters for DL PRS configuration is still not decided. In NR, there are up to 8 CCs and each CC has up to 273 PRBs. In addition, minimum BW for DL PRS in PRBs is not less than 24 PRBs, and all the 8 CCs share the same Point A, so the maximum value of  the start PRBs should be 273*8-24=2160.
Proposal 6: Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of 2160 PRBs.
PRS RE patterns
In RAN1#98bis meeting, following agreement is achieved for  PRS RE patterns ,
Agreement:
At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}
Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}
It was agreed the DL PRS RE patterns when comb size N equal to number of symbols M. However, there is still no consensus on the case that the comb size N is not equal to the number of symbols M. Similar with UL, it is natural to support the cases when N is not equal to M. To suppress the sidelobes caused by different cyclic shifts between adjacent symbols. It is better to choose the case with large cyclic shifts between adjacent symbols. The proposed RE offsets for combinations of the number of symbols (1,2,4,6,12) and comb sizes (2,4,6) for DL PRS RE pattern  are showed in Table 1.
Table 1 RE offset for DL PRS
	Number of symbols /
Comb size 
	1
	2
	4
	6
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1} 
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3} 
	 N/A
	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	6
	N/A
	N/A
	N/A
	{0,3,1,4,2,5}
	{0,3,1,4,2,5, 0,3,1,4,2,5}


Proposal 7: Support Table 1 as the DL PRS RE patterns.

PRS muting
In RAN1#98bis meeting, following agreement is achieved for  PRS muting,
Agreement:
A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.
· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set
· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap
· Option 2: 
· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)
· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.
· Bitmap size values: 2, 4, 8, 16, 32 bits
· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE.
In DL PRS muting scheme Option1, if a bit in the bitmap is ‘0’, it means all DL-PRS Resources within a DL-PRS Resource Set instance are muted. As can be seen from figure 5, there are 2 PRS resources in a PRS resource set, and in a period Tprs (one Time window), the DL-PRS-ResourceRepetitionFactor is 2. If the bitmap is ‘1011’, all PRS resources and all repetitions within the PRS resource set in the second resource set instance will be muted. 
Option2 just mutes  a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set. As can be seen from figure 6, if the bitmap is ‘10’ ,all the DL-PRS Resources in the DL-PRS Resources set correspond to repetition 2 are muted in every resource set instance. If configuration of bitmaps corresponding to both options at the same time to the UE, as illustrat in Figure 7, if the bitmap in Option1 is ‘1011’ and the bitmap in Option2 is ‘10’, then on some Time Window, it mutes the repetition 2. But on some Time Window, it mutes all the repetition of the PRS resource set. The use case of this kind of scheme is not clear, which will lead to  much complexity.
[image: ]
Figure 5 DL PRS muting scheme Option1
[image: ]
Figure 6 DL PRS muting scheme Option2
[image: ]
Figure 7 DL PRS muting scheme Option1 +Option2 
Proposal 8: Do not support both option1 and option2 at the same time. 

Conclusion
Based on the discussion above, we have the following observation and proposals:
Proposal 1: Choose option 1 as the PRS resource set structure.
Proposal 2: PRS resources transmitted in a PRS resource set should be distributed.
Proposal 3:Different PRS resources within a PRS resource set should transmit correspondingly same sequences for detecting.
Proposal 4: PRS sequence seed should avoid the following three problems:
1.Separation for the PRBS (pseudo-random binary sequences) between two synchronized neighbouring cells across OFDM symbols.
2.Uniqueness of PRBS associated with different scrambling IDs.
3.Potential I-Q flipping relationships between two PRBS associated with different scrambling IDs
Proposal 5:Define the PRS sequence generation seed as one of the following:

.
Proposal 6: Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of 2160 PRBs.
Proposal 7: Support Table 1 as the DL PRS RE patterns.
Proposal 8: Do not support both option1 and option2 at the same time. 
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