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In RAN1#100e, we made the following agreements for PRS processing capability [1].
	Agreement:
· UE DL PRS processing capability is reported for maximum DL PRS bandwidth in MHz, which is supported and reported by UE
· UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
· FFS values of maximum DL PRS bandwidth in MHz for UE DL PRS processing capability report
· FFS if UE DL PRS processing capability is scaled inversely proportional to DL PRS processing bandwidth
· Note: this overrides the 272 RB assumption in the previous RAN1 agreement.

Agreement:
· UE DL PRS processing capability is signaled per band
· FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS
· FFS if reported values of T are the same across bands within a FR or across FRs

Agreement:
· UE DL PRS processing capability is defined for a single positioning frequency layer

Agreement:
· UE DL PRS processing capability is agnostic to DL PRS comb factor configuration



In this contribution, we discuss the remaining issues of PRS processing capability, i.e., the interpretation of the following capability signaling at both UE and LMF side.
UE capable of processing the duration N ms of PRS symbols for every T ms, assuming maximum supported bandwidth on a single positioning frequency layer.

Calculating the PRS duration
This section describes how to count the PRS duration given a PRS configuration.
Counting PRS duration in a slot
During RAN1#100e, companies provided their view on how to interpret the PRS duration using the following examples [2].
	MTK
	We suggest to further clarify the agreement  of “Duration of DL PRS symbols in units of ms a UE can process”. For example, in a 1ms slot, the comb-4 4 symbols DL PRS are allocated, and there are repeated transmission in consecutive 6 slots. The total symbols having DL PRS would be 6*4 = 24 symbols. Should we treat the duration of DL PRS symbols as 6ms? or it should be 24/14 = 1.7 ms?

	ZTE
	We are fine with the principle of QC’s proposal.  But some questions need to be clarified:
1. As MTK said, if repetition is configured, PRS symbols will not be contiguous, how could we assume the duration of DL PRS symbols ? 
1. Can we fix value T, e.g. T is always 1280. Then, we just need to define multiple values of N.

	Qualcomm2
	As a reply to vivo: We consider it important a UE to be able to provide a relatively small number (e..g, 0.5 msec or 1 msec) and/or a larger value. The small value could be for a UE that is doing some level of  real-time-processing of the PRS, whereas a large value could be for a UE that is doing some level of a buffering-type of processing (e.g., waits for a whole period of 160 msec before starting the processing). Obviously there are UEs that can be doing either one, based on implementation, band, concurrency with PDSCH/PDCCH processing, etc. 

To MTK and ZTE: yes the example of MTK is correct. 
In a 1ms slot, the comb-4 4 symbols DL PRS are allocated, and there are repeated transmission in consecutive 6 slots. The total symbols having DL PRS would be 6*4 = 24 symbols. We treat the duration as 24/14 = 1.7 ms. It is the occupied number of symbols, not the length of a PRS occasion. 

To ZTE: Fixing the Z value to a large value, would still create problems for UEs that are doing real-time of processing of PRS, since the N PRS symbols could still be very close, which would create a prohibitive load of PRS processing on a small period of time. That is why, a bound on how many PRS symbols within a small period (0.5, 1 msec) would be important. 



Normally PRS transmitted from multiple TRPs will overlap in time domain so as to exploit the benefit of comb structure and avoid complex scheduling among gNB to avoid interference. It means from UE perspective, a common set of symbols will be buffered that covers all potential PRS receiving windows,  each of which is associated with a TRP and is given by nr-DL-PRS-ExpectedRSTD, and nr-DL-PRS-ExpectedRSTD-Uncertainty.
The following Figure 1 shows an example of PRS duration for processing from both the reference TRP and a neighbouring TRP with unknown timing of the neighbouring TRP. The timing relationship between the neighbouring TRP and the reference TRP is represented by nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty. So the PRS duration for a given assistance data should cover all PRS buffering symbols for each TRP, the worst case of which should also take into account the uncertainty range if the timing of a neighbouring TRP is unknown yet.
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[bookmark: _Ref35952769]Figure 1 Illustration of PRS duration with unknown timing
Observation 1: PRS symbols from different TRP may be partially overlapping, and is subject to uncertainty range.
If the timing of PRS from a neighbouring cell is already known, through e.g. QCL-TypeC, or existing PRS measurement, the impact from nr-DL-PRS-ExpectedRSTD-Uncertainty will be zero, but the issue of symbol alignment between reference TRP and neighbouring TRP still exists as shown in Figure 2. 
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[bookmark: _Ref35954012]Figure 2 Illustration of PRS duration with known timing
Since understanding of UE and LMF on the PRS processing capability should not be dependent on the PRS reception status, e.g., whether or not the timing is known, we suggest that the duration budget should be based on the worst case, i.e., the duration should be determined by nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty.
Observation 2: Understanding of PRS duration should not be dependent on whether the PRS reception timing is known or not.
It is also possible that PRS symbols from different TRPs are scattered across different symbols in a slot; causing discontinuous bursts within a slot as shown in Figure 3. It is worth clarifying whether the durations of each individual burst are counted, which allows multiple bursts to be counted within a slot, or a single duration that covers all bursts is counted. Our view is that, for simplicity, only a single longer continuous duration should be used in this case. The duration starts with the first symbol that overlaps with at least one PRS, and ends with the last symbol that overlaps with at least one PRS.
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[bookmark: _Ref36047866]Figure 3 PRS bursts on discontinuous symbols within a slot
Observation 3: In a slot, there may be discontinuous PRS bursts, which adds more complexity to counting the PRS duration.
Since OFDM has CP to tolerate the delay difference between TRPs, the impact from CP should be considered. For example, if the PRS symbols from different TRPs are jittering within CP length, it can be handled by CP without increasing the duration. Symbol boundary and the slot timing are selected by UE.
Observation 4: PRS duration calculation can further utilize the CP length to partially overcome the different time of arrival between PRS from different TRPs.
Based on the above discussion, we have the following proposal.
Proposal 1: For a slot on a positioning frequency layer, the PRS duration is a set of consecutive symbols within the slot that covers PRS symbols from all TRPs, where the PRS symbols from each TRP is associated with an nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty.
This applies to unknown timing of PRS as well as known timing of PRS.
Note: CP length can be utilized to partially overcome the delay spread.
Note: The symbol boundary for the set of consecutive symbols is selected by UE.

Counting PRS duration across slots for the same periodicity across PRS resource sets
In this clause, we assume that for a positioning frequency layer, all PRS resource sets from all TRPs have the same periodicity for simplicity, and address the issue of different periodicities in Section 2.3.
If multiple slots are used to transmit the PRS, the PRS duration in each slot should be accumulated. The questions are
Should slots be continuous?
Can the PRS durations differ across slots?
To facilitate UE processing, and to echo the principle of “localized PRS resource allocation” in the early stage of discussion, which further introduced resource set slot offset in the higher layer parameter, we believe that a typical deployment of PRS resource allocation should be in consecutive slots as much as possible.
A problem of non-continuous slots may rise as shown in the following example in Figure 4, where PRS transmitted from different TRPs on a positioning frequency layer is scattered within the periodicity. For the non-real-time processing architecture, UE will only start processing PRS symbols when PRS within a periodicity is completely buffered, which causes ambiguity when UE is expected to start processing PRS. In the following Figure 4, PRS1, PRS3, and PRS5 are different occasions belonging to the same PRS resource, while PRS2 and PRS4 are different occasions belonging to another PRS resource. Note that occasions of two different resources are not continuous in time. It shows that UE could either start processing PRS1 and PRS2 after receiving PRS2 in PRS processing period 1, or start processing PRS2 and PRS3 (next occasion of PRS1) after receiving PRS3 in PRS processing period 2. This may not be trivial for UE not supporting simultaneous processing of PRS and RRM.
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[bookmark: _Ref35961980]Figure 4 PRS processing period ambiguity
To resolve the ambiguity, we propose to define a minimum set of continuous slots within a PRS periodicity (repeated by the PRS periodicity) that contains all PRSs with the periodicity, and UE will start processing PRSs in the set of continuous slots after the last slot. Using the same example, Set 1 and Set 2 both cover all PRSs within a PRS periodicity, but Set 1 has a smaller size, and thus Set 1 is selected and PRS processing of PRS in Set 1 starts after the last slot in Set 1.
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Proposal 2: If the periodicity across all resource sets are the same for a positioning frequency layer, a minimum set of continuous slots is defined that includes one PRS occasion for each PRS resource set of all TRPs on the positioning frequency layer
UE is expected to start processing PRS no later than the first slot after the end of the last slot in the set.

Periodicity handling
Since periodicity is configured per PRS resource set, instead of positioning frequency layer, it is possible that
PRS transmitted from one TRP has a different periodicity from that from another TRP
Different PRS resource sets have different periodicities within a TRP
Both two cases will add additional work to determine the PRS periodicity to decide if a certain configuration is supported by UE based on a given capability report. Meanwhile, RAN4 is also discussing measurement latency requirement, in which periodicity of PRS plays an essential role.
To simplify this, we suggest that for Rel-16, the periodicity of all PRS resource sets within a positioning frequency layer should be the same, while still keeping the configuration of periodicity under PRS resource set without changing the current ASN.1 structure.
Proposal 3: For Rel-16, UE expects the periodicity of all PRS resources within a positioning frequency layer to be the same.
Up to spec editor to capture the agreement.
Send an LS to RAN4.
Send an LS to RAN2 if it requires changes in 37.355 field description.

Summary
We propose to capture the following understanding in specification on how to calculate the PRS duration in RAN1 specification, based on the above discussion.
Proposal 4: Endorse the following TP for the purpose of calculating the PRS duration in clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
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===================== Unchanged parts omitted ======================
If UE is configured by higher layers to receive PRS symbols with the periodicity , the PRS symbols duration  shall be calculated by
-	
-	
where
-	 is the smallest set of consecutive slots within the PRS periodicity in the positioning frequency layer that contains all PRS across TRPs
-	 is the numerology of the PRS resources in the positioning frequency layer
-	 is the number of symbols in a slot
-	 is smallest interval in ms within slot  that covers the union of the potential PRS symbols from all TRPs, each of which is determined by nr-DL-PRS-ExpectedRTSD, nr-DL-PRS-ExpectedRSTD-Uncertainty, and the PRS symbol occupancy within slot .
===================== Unchanged parts omitted ======================

Additional consideration
Number of resources within a PRS duration
Regarding whether to add the number of resources within the PRS duration to make the pair (N, T) as a triplet (N, N2, T), where N2 is the number of resources within the duration, we need to consider impact from another UE capability parameter, which is X7 provided by the following table.
	Max number of Resources per frequency layer (X7)
	NA

	FFS: values



One general question regarding introducing N2 is the following:
What is the network assumption if UE reports smaller value of N2 than X7, e.g. UE reports (N=5 [ms], N2=12 [resources], T=160 [ms]), and X7=24 [resources]?
Our understanding is N2 should always be equal to X7, so that there is no additional assumption needed at LMF. However, if we allow N2<X7, does it mean that if X7 resources are confined within N ms duration, UE may need to extend T to process additional X7-N2 resources? Things will be even more complicated if UE reports multiple triplets (N, N2, T).
Proposal 5: If N2 is supported, network assumption should be clarified when UE reports smaller value of N2 than X7.

Multiple (N, T) pairs
If only a single (N,T) pair is reported, UE cannot necessarily guarantee the PRS processing of N ms in an T ms duration. As such, we think that it is beneficial to allow multiple (N, T) pairs. In case multiple (N, T) pairs are reported, as long as one (N, T) pair satisfies the condition, UE is able to process all PRS resources.
Proposal 6: Support reporting multiple (N, T) pairs per band. As long as one (N, T) pair satisfies the condition, UE is able to process all PRS resources.

T values across positioning frequency layers and scaling in case of multiple positioning frequency layers
Since (N, T) was agreed to be reported per band, it is possible that UE reports different T values for different bands. This will have an impact on processing multiple positioning frequency layers, as the effective duty cycle of PRS processing per frequency layers will not be linearly scaled by the number of positioning frequency layers.
If we allow different T values to be reported across bands, then a general description of UE processing timeline across multiple positioning frequency layers can be specified as following.
Proposal 7: For F positioning frequency layers  that UE supports PRS processing based on capability signaling, UE is expected to process all PRS resources across all F positioning frequency layers at least once every , where  is the T value for the band that positioning frequency layer  is in.
Note: If all F positioning frequency layers are on the same band, .

Scaling in case of different bandwidth
Since the capability is reported assuming the maximum PRS processing bandwidth for a band, there is no need to optimize the case of the remaining bandwidths. In other words, regardless of the bandwidth of the actual PRS, UE processing duration does not scale.
Proposal 8: The duration does not scale with the configured PRS bandwidth.

Impact on measurement gap
The logic of introducing different capabilities for with and without measurement gap is that UE can concentrate on PRS processing with a gap, but have to share its processing power with PDCCH/PDSCH decoding when there is no gap. However, this may not be valid at least for some cases, since the measurement gap may be too short compared to PRS processing, e.g. 5ms vs 160ms. It means that in the remaining 155ms, UE would anyway share processing capability for PRS with PDCCH/PDSCH decoding. In fact, measurement gap only provides a duration for UE not to monitor PDCCH when buffering PRS and it may provide little help toward PRS processing.
Reporting different capabilities with and without measurement gap is only useful for the real-time processing of PRS, e.g. buffering and processing within the measurement gap, which may not be typical for Rel-16.
As we already may have too many (N, T) values, and even more if N2 is introduced, one set for with measurement gap and another set for without measurement gap will put too much uncertainty for LMF to handle, and thus we have the following proposal.
Proposal 9: Do not introduce separate capabilities for with measurement gap and without measurement gap.

Conclusions
In this contribution, we have the following observations and proposals regarding handling of PRS processing capability.
Observation 1: PRS symbols from different TRP may be partially overlapping, and is subject to uncertainty range.
Observation 2: Understanding of PRS duration should not be dependent on whether the PRS reception timing is known or not.
Observation 3: In a slot, there may be discontinuous PRS bursts, which adds more complexity to counting the PRS duration.
Observation 4: PRS duration calculation can further utilize the CP length to partially overcome the different time of arrival between PRS from different TRPs.
Proposal 1: For a slot on a positioning frequency layer, the PRS duration is a set of consecutive symbols within the slot that covers PRS symbols from all TRPs, where the PRS symbols from each TRP is associated with an nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty.
This applies to unknown timing of PRS as well as known timing of PRS.
Note: CP length can be utilized to partially overcome the delay spread.
Note: The symbol boundary for the set of consecutive symbols is selected by UE.
Proposal 2: If the periodicity across all resource sets are the same for a positioning frequency layer, a minimum set of continuous slots is defined that includes one PRS occasion for each PRS resource set of all TRPs on the positioning frequency layer
UE is expected to start processing PRS no later than the first slot after the end of the last slot in the set.
Proposal 3: For Rel-16, UE expects the periodicity of all PRS resources within a positioning frequency layer to be the same.
Up to spec editor to capture the agreement.
Send an LS to RAN4.
Send an LS to RAN2 if it requires changes in 37.355 field description.
Proposal 4: Endorse the following TP for the purpose of calculating the PRS duration in clause 5.1.6.5 of TS 38.214.
===================== Unchanged parts omitted ======================
5.1.6.5	PRS reception procedure
===================== Unchanged parts omitted ======================
If UE is configured by higher layers to receive PRS symbols with the periodicity , the PRS symbols duration  shall be calculated by
-	
-	
where
-	 is the smallest set of consecutive slots within the PRS periodicity in the positioning frequency layer that contains all PRS across TRPs
-	 is the numerology of the PRS resources in the positioning frequency layer
-	 is the number of symbols in a slot
-	 is smallest interval in ms within slot  that covers the union of the potential PRS symbols from all TRPs, each of which is determined by nr-DL-PRS-ExpectedRTSD, nr-DL-PRS-ExpectedRSTD-Uncertainty, and the PRS symbol occupancy within slot .
===================== Unchanged parts omitted ======================
Proposal 5: If N2 is supported, network assumption should be clarified when UE reports smaller value of N2 than X7.
Proposal 6: Support reporting multiple (N, T) pairs per band. As long as one (N, T) pair satisfies the condition, UE is able to process all PRS resources.
Proposal 7: For F positioning frequency layers  that UE supports PRS processing based on capability signaling, UE is expected to process all PRS resources across all F positioning frequency layers at least once every , where  is the T value for the band that positioning frequency layer  is in.
Note: If all F positioning frequency layers are on the same band, .
Proposal 8: The duration does not scale with the configured PRS bandwidth.
Proposal 9: Do not introduce separate capabilities for with measurement gap and without measurement gap.
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