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1. Introduction
The following agreements were reached with respect to the DL PRS processing capabilities in the previous RAN1 meeting:

	 [100e-NR-Pos-DL-PRS-02] E-mail discussion/approval to resolve issue #2 in R1-2001176 by 2/27; if there is a spec impact, followed by endorsing the corresponding TP by 3/2 – Alexey (Intel)

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



2. Maximum Bandwidth and SCS
In the previous meeting an agreement was made to change an earlier agreement with regards to the assumed maximum DL PRS bandwidth for the PRS processing capability reporting. We believe that the new agreement is unclear. What has been missed in the updated agreement is that it doesn’t say for which SCS this maximum PRS bandwidth is reported. 

For example, if a UE reports 20 MHz as maximum bandwidth, if the SCS is 15 Khz it corresponds to ~100 PRBs, if it is 60 Khz, it corresponds to 25 PRBs. The processing requirements of a PRS depends to the number of PRBs that need to be processed and not on the number of MHz.
 
Observation 1:  In the previous agreement with regards to the maximum PRS BW, the SCS needs to be added, otherwise there is ambiguity on the number of PRBs that the DL PRS occupies. 
3. Number of PRS resources (N2) per measurement window 
With regards to the DL PRS processing capability, there were two agreements that have been made in earlier meetings.

	Agreement
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability



	Agreement:
A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined.
· This limit can be signalled as a UE capability.



We consider both agreements to be clear. In the previous email discussion, the following comment was made in response to the interpretation of the previous agreement:
· “The Max number of Resources per frequency layer (X7) refers to the limit of DL PRS reosurces within a measurement window”
This comment is NOT true and it is not our understanding. If this is the proposal of some companies, it would require a separate agreement. 

Until then, the DL PRS processing capability has three components (N1, N2, T), where 
· N1 corresponds to the number of PRS symbols in msec that the UE can process within T msec
· N2 is the number of PRS resources that the UE can process within T msec

Observation 2: There is a standing agreement that the UE shall report a limit on the maximum number of DL PRS resources (N2) within a measurement window. If this value equals to X7 (the number of PRS resources across all TRPs) requires a separate agreement. 

With regards to the technical discussion into why N2 should NOT be equal to X7, please see below several arguments:

A UE may be doing online processing of PRS resources, in which case, the UE may be reporting that it can process and buffer N2 = 10 PRS resources, spanning across N1 = 14 symbols, in every slot, and be configured with a total of X7 = 1000 PRS resources. Clearly, for such a UE implementation, saying that X7 would be the same as N2 would not make any sense. In other words, the proponents of the companies that equate N2 to X7 have in their mind a specifc UE implementation which is doing buffering and offline processing of all the X7 PRS resources during a large measurement window (e.g. 160 msec) and therefore they think that X7 = N2. 

Observation 3: Depending on UE implementation, a UE should be able to choose to report a maximum number of PRS resources within a relatively small measurement window (e.g., an online slot-based type of PRS processing). 

Observation 4: A UE doing offline processing of PRS resources would be likely reporting a maximum number of PRS resource within a relatively large measurement window (e.g. 160 mec), which would mean that during this large window a large number of resources (potentially as many as X7) will be processed. 

It is common understanding even from LTE days, that a UE is NOT required to process all PRS resources across all TRPs inside ONE measurement instance. In other words, even for a UE doing offline processing, it may be able to process 100 PRS resources every 160 msec, and still report that it can be configured with X7=1000 resources. It would just mean that the UE is doing round-robin of the buffering/processing of the PRS resources. 

Observation 5: A UE may be processing in a round-robin fashion the configured PRS resources, and therefore saying that “the total number of PRS resources the UE can process” equals the “totat number of PRS resources the UE can process within a measurement window” is not true. 

Even if for some UE implementation, N2 = X7 always, based on the current agreements of reporting both (N1,N2,T) and X7, would support such a UE implementation. 

There was another argument that was used in the previous technical discussion: 
· “It is highly likely that the PRS from different TRPs on the same positioning frequency layers are fully overlapping, and therefore it makes sense X7 = N2.”
The above argument misses the point that a UE may be doing round robin of the processing of the TRPs, so a UE would still need to be able to report that it supports processing, e.g., N2 = 100 PRS resources every 160 msec, and that it can accept a configuration/process of, e.g. X7 = 1000 PRS resources, which the UE plans to process across 10 PRS instances in this example. So, based on our understanding, N2<=X7, and they are not necessarily equal. 
4. PRS processing inside or outside Measuremeng Gaps
We make the following observations with regards to PRS processing:
· During measurement gaps, the UE is not processing any other DL signal except PRS
· The UE would likely not have dedicated RF and BaseBand (BB) resources just for PRS processing. In other words, the available memory budgets / CPU processing capabilities are being shared between DL PRS and other functions of the UE.

Based on the above 2 basic principles, it is evident that during a measurement gap, a UE would have more buffering/processing resources to dedicate for PRS processing compared to the case outside measurement gaps.

Observation 6: During a measurement gap, a UE has nore buffering/processing resources to dedicate for PRS processing.

In some cases, a UE may not even be able to process any PRS outside measurement gaps. For example, in FR2, a UE may be required to do a completely different Beam management procedure which can only be safely happening inside measurement gaps. 

Observation 7: A UE may not be able to support PRS processing without measuremeng gaps. For example, in FR2, it is up to the UE implementation to perform Rx beam sweeping, in which case, PRS processing would only be happening within measurement gaps. 
5. Reporting of multiple PRS processing capabilities
A UE should be able to report its PRS processing capabilitities for different values of measurement windows. To see this, a UE may be able to support an online processing mode or an offline processing mode, or hybrid. 
In the offline processing mode, the UE is required to buffer a lot of PRS resources and process them across time. It is a mode that requires increased memory budget from the UE. On the other hand, in an online processing mode, a UE would be storing very few of the PRS symbols, and be pipelining their processing to derive the required measurements and store only those measurements without keeping in memory for a long period of time the time-domain or frequency-domain waveforms. Such a mode of processing would be, for example, useful in the case of a UE that is doing the PRS processing inside the measurement gaps, while outside the measurement gaps, the processing and memory resources are mainly dedicated for the remaining functionalities of the UE. 
There can be UEs that employ both modes concurrently (i.e. hybrid processing), depending on several factors, like number of PRS resources, processing and memory load due to other functions, length of measurement gaps, band, PRS bandwidth, PRS repetition, etc. 
It should also be clear from the above that if a UE can support (N1, N2, T) PRS resources and symbols within T msec, then it cannot in general support (N1/K, N2/K, T/K) for some K factor. Both the number of PRS symbols and PRS resources do not simply scale linearly since it could simply be just a different operating mode of the UE. For example, a UE may be able to process 10 PRS resources spanning 14 OFDM symbols in a slot, in an online processing mode, but when it comes to an offline processing mode, it may be processing up to 500 PRS resources spanning over 40 msec every 160 msec, and this same UE may report that it can total process 1000 PRS resources across all TRPs. 
When such capability is reported to the LMF, it enables the LMF to have a good knowledge of how many PRS resources it should pack within a small period of time, and how long could a PRS instance span in time. For example, for the UE that we described above, if the LMF attempts to configure 1000 PRS within 40 msec every 160 msec, it would mean that the UE would require at least 2 instances to process all of them, or if it attempts to configure 500 PRS resources within 80 msec (250 PRS resoruces in the first 40 msec, and 250 msec in a second 40 msec) every 160 msec, then the UE would be processing half of those resources. Similarly, if for this UE, these 500 PRS resources are all appearing in a slot, it should be clear that the UE might not be able to process them. 
Observation 8: Enabling a UE reporting of at least two (N1, N2) values for two different measurement windows (T), would allow the UE to inform 
· the maximum number of (N1,N2) for a “short” measurement window (e.g., T = ‘slot duration’) and
·  for a “long” measurement window, T>’slot duration’ (e.g. typical PRS periodicity of 160 msec).
With such a capability reporting, the LMF would avoid configuring too many PRS resources or symbols within a “short” period of time, and would ensure that a total number of PRS resources/symbols are within the UE’s capability across the whole duration of a PRS instance. 
6. Processing capability across Positioning Frequency Layers
With regards to DL PRS processing capability across frequency layers, the assumption is that a UE is TDMing the processing of different frequency layers. We think that this assumption is reasonable for NR Rel-16 Positioning, and we don’t consider it essential to define a capability for simultaneous processing of multiple positioning frequency layers in this release. 

Proposal 1: For a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time in which case,  if the UE reports it supports (N1, N2, T) for a single frequency layer, and it supports K frequency layers, this UE would be capable of supporting a DL PRS processing capability of (N1, N2, K*T) across all K frequency layers.
7. Values for N1 and N2
With regards to the candidate values of N1 and N2 that the UE may report we make the following comments:
· There would need to be some relatively small values for the case a UE reports how many PRS resources and symbols it can process within a small measurement window (e.g., within each slot). 
· There would need to be some options for large values for the case of a UE reporting how many PRS resources and symbols it can process within a large measurement window (e.g., 160 msec). 

A typical case of reporting capability for small measurement windows, would be to report (N1, N2) per slot, and since the reporting would be happening for each SCS, this would correspond to different time durations implicitly. 

Observation 9: With regards to the values of N1:
· at least N1 equal to the slot durations should be supported. That is, for T = ‘slot duration’, , with  N1 = {0.125,0.25,0.5,1}.
· For T>‘slot duration’, considering a value of T up to T=1280 msec, and assuming an approximate 5% overhead of PRS, supporting a range of values of up to ~50 msec is reasonable. 
8. DL PRS Processing capability

Based on the discussion shown above, we make the following complete proposal with regards to the DL PRS processing capability:

Proposal 2: Define the DL PRS processing capabilities as:
· Duration of DL PRS symbol in units of ms (N1) and number of PRS resources (N2) across all TRPs a UE can process every T ms assuming a maximum DL PRS bandwidth in MHz (Bmax) for a reported SCS, which is supported when measurement gaps are configured. 
· Values for T = {0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for N1 = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for N2 = {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64, 96, 128, 256, 512, 1024} resources
· Values for Bmax = {10, 20, 40, 50, 80, 100, 200, 400} MHz
· For each SCS, the UE reports 
· a single Bmax 
· One or both of the following two:
· one (N1,N2,T) for T = “slot duration” with 
· one (N1,N2,T) for T > “slot duration” with 
· This capability is reported per band

· Duration of DL PRS symbol in units of ms (N1) and number of PRS resources (N2) across all TRPs a UE can process every T ms assuming a maximum DL PRS bandwidth in MHz (Bmax) for a reported SCS, which is supported when measurement gaps are not configured. 
· Values for T={0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for N1 = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for N2 = {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64, 96, 128, 256, 512, 1024} resources
· Values for Bmax = {10, 20, 40, 50, 80, 100, 200, 400} MHz
· For each SCS, the UE reports 
· a single Bmax 
· One or both of the following two:
· one (N1,N2,T) for T = “slot duration” with 
· one (N1,N2,T) for T > “slot duration” with 
· This capability is reported per band
· When a UE does not report this UE DL PRS processing capability, the UE does not support DL PRS processing without measurement gaps

9. Conclusion
We make the following Observations:

Observation 1:  In the previous agreement with regards to the maximum PRS BW, the SCS needs to be added, otherwise there is ambiguity on the number of PRBs that the DL PRS occupies. 

Observation 2: There is a standing agreement that the UE shall report a limit on the maximum number of DL PRS resources (N2) within a measurement window. If this value equals to X7 (the number of PRS resources across all TRPs) requires a separate agreement. 

Observation 3: Depending on UE implementation, a UE should be able to choose to report a maximum number of PRS resources within a relatively small measurement window (e.g., an online slot-based type of PRS processing). 

Observation 4: A UE doing offline processing of PRS resources would be likely reporting a maximum number of PRS resource within a relatively large measurement window (e.g. 160 mec), which would mean that during this large window a large number of resources (potentially as many as X7) will be processed. 

Observation 5: A UE may be processing in a round-robin fashion the configured PRS resources, and therefore saying that “the total number of PRS resources the UE can process” equals the “totat number of PRS resources the UE can process within a measurement window” is not true. 

Observation 6: During a measurement gap, a UE has nore buffering/processing resources to dedicate for PRS processing.

Observation 7: A UE may not be able to support PRS processing without measuremeng gaps. For example, in FR2, it is up to the UE implementation to perform Rx beam sweeping, in which case, PRS processing would only be happening within measurement gaps. 

Observation 8: Enabling a UE reporting of at least two (N1, N2) values for two different measurement windows (T), would allow the UE to inform 
· the maximum number of (N1,N2) for a “short” measurement window (e.g., T = ‘slot duration’) and
·  for a “long” measurement window, T>’slot duration’ (e.g. typical PRS periodicity of 160 msec).
With such a capability reporting, the LMF would avoid configuring too many PRS resources or symbols within a “short” period of time, and would ensure that a total number of PRS resources/symbols are within the UE’s capability across the whole duration of a PRS instance. 

Observation 9: With regards to the values of N1:
· at least N1 equal to the slot durations should be supported. That is, for T = ‘slot duration’, , with  N1 = {0.125,0.25,0.5,1}.
· For T>‘slot duration’, considering a value of T up to T=1280 msec, and assuming an approximate 5% overhead of PRS, supporting a range of values of up to ~50 msec is reasonable. 

We make the following proposals:

Proposal 1: For a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time in which case,  if the UE reports it supports (N1, N2, T) for a single frequency layer, and it supports K frequency layers, this UE would be capable of supporting a DL PRS processing capability of (N1, N2, K*T) across all K frequency layers.

Proposal 2: Define the DL PRS processing capabilities as:
· [bookmark: _Hlk37404221]Duration of DL PRS symbol in units of ms (N1) and number of PRS resources (N2) across all TRPs a UE can process every T ms assuming a maximum DL PRS bandwidth in MHz (Bmax) for a reported SCS, which is supported when measurement gaps are configured. 
· Values for T = {0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for N1 = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· [bookmark: _Hlk37405133]Values for N2 = {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64, 96, 128, 256, 512, 1024} resources
· Values for Bmax = {10, 20, 40, 50, 80, 100, 200, 400} MHz
· For each SCS, the UE reports 
· a single Bmax 
· One or both of the following two:
· one (N1,N2,T) for T = “slot duration” with 
· one (N1,N2,T) for T > “slot duration” with 
· This capability is reported per band

· [bookmark: _Hlk37404285]Duration of DL PRS symbol in units of ms (N1) and number of PRS resources (N2) across all TRPs a UE can process every T ms assuming a maximum DL PRS bandwidth in MHz (Bmax) for a reported SCS, which is supported when measurement gaps are not configured. 
· Values for T={0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· Values for N1 = {0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50} ms
· Values for N2 = {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64, 96, 128, 256, 512, 1024} resources
· Values for Bmax = {10, 20, 40, 50, 80, 100, 200, 400} MHz
· For each SCS, the UE reports 
· a single Bmax 
· One or both of the following two:
· one (N1,N2,T) for T = “slot duration” with 
· one (N1,N2,T) for T > “slot duration” with 
· This capability is reported per band
· When a UE does not report this UE DL PRS processing capability, the UE does not support DL PRS processing without measurement gaps
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