3GPP TSG RAN WG1 #100E						R1-2001235
e-Meeting, February 24th – March 6th, 2020

Source:	Intel Corporation
Title:	Output of email thread [100e-NR-Pos-DL-PRS-02]

Agenda item:	7.2.8.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Introduction
In this contribution, we provide summary of the RAN1-email discussion [100e-NR-Pos-DL-PRS-02] organized as an outcome of the discussion in [1]. The motivation behind this discussion is to come up with additional details to finalize previous RAN1 agreement on UE DL PRS processing to facilitate future UE capability discussion.

	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


Companies were requested to provide their views/solutions on how to finalize above agreements including the following aspects:
Aspect#1: Values of parameters (duration of DL PRS symbols, period of processing - T)
Aspect#2: Dependence on UE DL PRS processing bandwidth
Aspect#3: Dependence on subcarrier spacing, frequency band
Aspect#4: Numberof positioning frequency layers
Aspect#5: DL PRS configuration details (e.g. comb factor)
Aspect#6: Type of measurements – DL PRS RSRP, DL PRS RSTD, UE Rx-Tx time difference, concurrency of measurements
Aspect#7: Assumption on measurement gap configuration
Aspect#8: Others

2 Summary of Views – Discussion Phase 1
2.1 Aspect #1 Values of Parameters
The table below captures views from companies on Aspect #1

	Qualcomm
	We suggest to attempt to provide further details at least for the values of T (period of processing) during this email discussion.

We propose the UE to have the option to report one or more periods of processing (T) with the following values: 
· 0.125, 0.25, 0.5, 1, 40, 80, 160, 320, 640, 1280 msec

The UE should be able to report a list of tuples {(N,T)} for each band separately when measurement gaps are configured and when there are not. As an example, for each band, and depending on whether MGs are configured, the UE can report {(N1, 0.125), (N2, 1), (N3,160),…}, etc. 

Note that we propose the same values for the “period of processing” to be used also for the feature of “maximum number of DL PRS resources per time period” which is also agreed to be a UE capability. 

	Nokia
	We think the specific values should be discussed as part of UE features, it should be clear from the agreement that the duration of symbols and period of processing are values that need to be finalized during that stage

	Huawei/HiSilicon
	The duration of DL PRS symbols should be a contiguous window, considering symbol boundary misalignment between PRS from different TRPs on a positioning frequency layer. It should not be interpreted as durations of scattering symbols.

	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?

	SS
	We think dependence on BW, processing time and Comb-factor are related with each other. All factors depend on UE processing capability. We propose to define a set of triplets or a set of maximum triplets containing BW, processing time and Comb-factor as UE capability. 

	CATT
	Same as Nokia. We think the specific values should be discussed as part of UE features,

	Futuewei
	The parameter values should be discussed in UE features discussion.  

	OPPO
	The simple agreement on UE capability lacks many details. As many companies comment, various aspects/factors need to be clarified.  Thus we support to discuss and stabilize the framework of this UE capability, i.e., which parameters included, the meaning of the duration of DL PRS symbols.  
As for the specific value of each parameters, we may leave it to UE capability session.

	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 ? 
2. Can we fix value T, e.g. T is always 1280. Then, we just need to define multiple values of N.

	vivo
	We share a similar understanding as Qualcomm on the above agreement. I.e., there is a set of tuples {(N, T)} where N is the duration of PRS symbols and T is the processing period. 
On the size of set, our preference is to define a set with less elements than the one proposed by Qualcomm. The specific values of N and T can be discussed under UE capability.

	LGE
	In our understanding, this issue is also related to buffering capability on PRS data, so we think some factors determining the amount of processing and buffering data such as sampling rate need to be considered, e.g., PRS BW and subcarrier spacing. We have a question on the necessity for the different period of processing time for each band. If this is clarified, we are fine with the configuration per band.

	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. 



Based on discussion, companies were invited to comment on the following proposal:

Proposal #1
· For UE DL PRS processing capability, UE reports the following pairs of values (N, T)
· where, N is a maximum number of DL PRS symbols to be processed within processing period T,
· FFS values of N and T
Note: It is assumed that value N takes into account repetition and comb-factor of DL PRS resource.

Example:
· T = 4 symbols in ms 
· DL PRS Resource:
· Comb-4
· Number of DL PRS resource symbols is 2
· No DL PRS resource repetition
UE reporting N = 8, means that UE can process 4 DL PRS resources per T ms
UE reporting N = 16, means that UE can process 8 DL PRS resources per T ms

Received comments on proposal #1 are captured in table below:

	Qualcomm
	I don’t see what the above proposal clarifies on top of the previous two agreements.

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.

Is the clarification that the UE may report multiple (N,T) for the “number of PRS symbols” capability?  

Also, the proposal removes also the connection to the “number of PRBs” so it would create confusion.

Furthermore, the “DL PRS processing capability” should include also the number of PRS resources within a period of time, as already agreed, so a further progress could be to say that in both the agreements above, the value T is the same, and keep FFS the values for the UE feature. 

· For UE DL PRS processing capability, UE may report multiple pairs of values (N1, T) and (N2,T)
· where, N1 is a maximum number of DL PRS symbols, and N2 is a maximum number of PRS resources to be processed within a processing period T,
· FFS values of N1, N2, and T

QC2: We are also OK with the interpretation of HW/HS on how the length of a PRS  is counted in msec, but I assume if the uncertainty is really small, this should not result to a length in msec than the symbol duration it self right? 

To Vivo: Sorry for the confusion. What I meant is: Lets call N1 = max PRS symbols per T, and N2 = max PRS reosurces per T. Then the UE can report multiple values for: {(N1, T)} and for {(N2,T)}, or for simplicity we can say: PRS processing is defined as a triplet (N1,N2,T) and the UE can report multiple such triplets. 


	Huawei/HiSilicon
	It seems that the duration is interpreted as sum of discontinuous PRS symbols. We are not fine with that interpretation unless the following is commonly understood.
· The symbol duration should cover the union of all search windows given by expected RSTD and expected RSTD uncertainty from all TRPs on a positioning frequency layer. In case the search window of the TRP starts from or ends with the middle of a symbol for the serving cell, the full symbol will be counted in the duration. 3 symbols would be assumed in the following example although PRS only takes 2 symbols.Symbol boundary of the serving cell


Search window


· The method to convert the duration in ms to the number of symbols.

Reply to QC: 
One simple example here: if UE reports 1ms for N, which maps to 14 symbols of 15kHz SCS, and if PRS from multiple TRPs on a positioning frequency layer have four symbols in a slot, considering there will be non-aligned symbol boundary (from expected RSTD due to propagation time difference or transmission time difference) or additional pre-storage and post-storage taking into account the expected RSTD uncertainty, UE will have to buffer 5 symbols in a slot, then repetition larger than 2 slots (floor(14/5) = 2) is not supported by the UE. Is it correct understanding? If it is, we are OK with proposal #1.

	Nokia
	We don’t see the added benefit of having this as an agreement as it does not clarify much beyond the previous agreement. 

	vivo
	We’re not sure what additional benefit to agree on this proposal#1. If the intention of this proposal#1 is a clarification to original agreement, then the maximum number of PRB (bandwidth) assumption is missing.

A question to Qualcomm’s proposal of multiple pairs of (N1, T) and (N2, T). In your previous comment, I can understand your reasoning of (N1, T1), (N2, T2) etc. Given this whole topic is about UE processing capability, what’s the reason to have two values of N1 and N2 for the same processing period of T?

	ZTE
	Based on the two previous agreement, two UE capabilities are needed for the maximum number of PRS resources, and (N, T) , where N is the duration of PRS symbols. But the proposal seems to support only one of them.  
In addition, it should be clarified that (N,T) is assumed one PRS resource or all configured PRS resources. 

	
	



2.2 Aspect #2: Dependence on UE DL PRS Processing BW
The table below provides views from companies on Aspect #2
	Qualcomm
	If companies consider it important to be supported, we are open in adding a third dependency (beyond the “per band” and “MG presence”) from the “PRS Bandwidth”. The remaining details could be nailed down during UE feature discussion.

	Nokia
	The agreement already states the we assume 272 PRB allocation. What else would be needed?

[Updated] We are okay to change the baseline number to 264 for FR2.  

	Huawei/HiSilicon
	Suggest that reported value is based on the nominal bandwidth of PRS. The actually PRS bandwidth will be used to scale the reported value for network to infer the capability, e.g. the reported (X, T) is based on 100MHz PRS, then if the PRS is 50MHz, network expects UE can process (2X, T), where X is the duration.
UE PRS processing bandwidth can be another capability, independently signaled. It simply means the maximum bandwidth UE can support per band, similar to UE channel bandwidth signaling in Rel-15.

	MTK
	In Chairman’s notes: RAN4#84, August 2017
[image: ]
[image: ]
To stick to 272 PRBs may be questionable, since in FR2, it is 264 PRBs. 
So, we suggest to replace “272 PRBs” by , for example, the “max PRB number allocation”


	SS
	We think dependence on BW, processing time and Comb-factor are related with each other. All factors depend on UE processing capability. We propose to define a set of triplets or a set of maximum triplets containing BW, processing time and Comb-factor as UE capability.

	CATT
	Same as MTK, replace “272 PRBs” by , for example, the “max PRB number” as maximum number of PRBs is 264 for FR2. 

	 OPPO
	Support to use different values of PRB numbers for FR1 and FR2

	ZTE
	We respect the agreement in which 272 PRBs are assumed.  We also fine with modification of 264 PRBs for FR2.

	vivo
	272 PRBs are clearly assumption in the above UE capability agreement. We feel it’s not important and less motivated to have separate number for FR1 and FR2.

	LGE
	Sharing the same view with MTK.

	Qualcomm2
	We are also fine to change 272 PRBs to “max PRB number allocation”; actually this is what we thought the “272 PRBs” really mean when it would be added in the specification.  


Based on discussion, companies were invited to comment on the following proposal:

Proposal #2
· UE DL PRS processing capability is reported for
· Alt.1 Maximum DL PRS bandwidth, which is supported and reported by UE
· UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
· Alt.2. Maximum DL PRS bandwidth, which is 100MHz for FR1 and 400 MHz for FR2
· UE is expected to support maximum DL PRS bandwidth
· UE DL PRS processing capability is scaled inversely proportional to DL PRS processing bandwidth

Received comments on proposal #2 are captured in table below:

	Qualcomm
	Alt. 1

The last bullet hasn’t really been discussed. It is not always inversely linear the processing capability. If a UE can do 100 PRS symbols of 272 PRbs, it doesn’t mean it can do 100*(272/24)>1100 symbols for a PRS of 24 PRBs. If companies want to revisit the “272 PRB assumption” with something more flexible, we would prefer if the capability had an additional dimension on the assumed BW (N,BW,T) which the UE can report. 

	Huawei/HiSilicon
	Alt. 1

If so, we think we do not need 272/264 PRBs assumption anymore.
In our view, reporting too many (N, BW, T) is not desired. We think the scaling does not increase the buffering overhead. To avoid the extreme case raised by QC, a upper limit can be set when the duration is scaled.

	Nokia
	Alt 1 is fine for us. 

	vivo
	Fine with the intention of Alt.1. Just wondering the reported maximum DL PRS bandwidth for processing is in units of MHz or number of PRBs?

On the 2nd bullet, our preference is also not to have too many combinations of (N, BW, T).

	ZTE
	Is the proposal independent of processing capability (N,T) ? 
If no, for reporting (N, T), a fixed value of PRBs is just assumed, This has been agreed.
So no need to reported BWP together with (N, T). 

	OPPO
	Alt.1

Combination of (N,BW,T) is not attracting. Some upper limited suggest as Huawei or some specific value of scaling factor are better 

	
	

	
	

	
	



2.3 Aspect #3: Dependence on SCS, Frequency Band
The table below captures views from companies on Aspect #3
	Qualcomm
	The UE would report this capability per band and based on MG presence. We don’t current see the need for a direct relation to the SCS if the UE is able to report a list of tuples {(N1, T1), (N2, T2),…} and small values of “T” can be reported (0.125, 0.25, 0.5, 1 msec).

	Nokia
	We don’t see the need for the dependence on SCS. Per band seems reasonable.

	Huawei/HiSilicon
	Without mentioning SCS, 272 PRBs does not represent the actual bandwidth.
Our consideration is that the report value should be reported per FR, and a reference subcarrier spacing should be assumed for each FR. 
For FR2, we also suggest to change number of PRS (nominal PRS bandwidth) to 264, because 272-RB is not defined.

	MTK
	Support the per band capability

	SS
	No need

	CATT
	Support the UE capability per frequency band.

	OPPO
	Whe MG is not configured, the UE may need to receive PDCCH/PDSCH. The complexity of PDCCH/PDSCH reception is related to SCS. Thus the UE capability should depend on SCS

	ZTE
	We think SCS is needed. Assuming N1=1ms, PRS BW=272 PRBs, UE complexity of 15 SCS and 60 SCS will be quite different.

	vivo
	If this UE capability is reported in units of ms, then we don’t see the need of the dependence on SCS.
Per band UE capability is fine. 

	LGE
	In our understanding, this issue is also related to buffering capability on PRS data, so we think some factors determining the amount of processing and buffering data such as sampling rate need to be considered, e.g., PRS BW and subcarrier spacing. 


Based on discussion, companies were invited to comment on the following proposal:

Proposal #3
· UE DL PRS processing capability is defined per band and it is agnostic to the configured SCS settings of DL PRS

Received comments on proposal #3 are captured in table below:

	Qualcomm
	OK with the agreement “per band”. Not yet OK with the “agnostic on SCS” if the UE cannot report multiple (N,T) for different “T” values. 

	Huawei/HiSilicon
	If the capability reporting is associated with the absolute bandwidth (in MHz) instead of 272 RB, we can accept SCS is agnostic.
Regarding per band, we suggest per UE with FR1/FR2 differentiation and potentially another one in case of FR1/FR2 mixed operation. If it is per band, it means for different bands, the capability would be different, but it would complicate inter-band (inter-frequency) measurements within the same FR.

	Nokia
	In principle we are okay with what HW proposes but we are not sure if explicitly agreeing to “agnostic on SCS” is really needed/beneficial at this stage. 

	vivo
	OK

	ZTE
	We have agreed that the duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation. If SCS is agnostic, how could we convert the duration of DL PRS symbols to the units of ms ?  So the proposal is not reasonable. 

	OPPO
	Not support “it is agnostic to the configured SCS settings of DL PRS”

	
	



2.4 Aspect#4: Number of Positioning Frequency Layers
The table below provides views from companies on Aspect #4
	Qualcomm
	The UE would report this capability per band and based on MG presence. We don’t current see the need for a direct relation to the SCS if the UE is able to report a list of tuples {(N1, T1), (N2, T2),…} and small values of “T” can be reported (0.125, 0.25, 0.5, 1 msec).

Relation to Frequency layers: From our side, it is across all the supported frequency layers. If the UE supports 1 FL, then this PRS processing capability would be for that layer. However, if the UE supports 4 FLs, then the PRS rocessing capability should not scale. The UE can say: I can process X PRS symbols/resources per period across all the frequency layers. If the network configures one layer, then, these X symbols/resources would be dedicated for this FL, otherwise if it configures Y layers, the X symbols/resources would be distributed across the Y layers. 


	[bookmark: _Hlk33587580]Huawei/HiSilicon
	The number of positioning frequency layers should be used to scale the value T, i.e. introducing processing delay. For example, for UE reporting (X, T), if the AD contains F positioning frequency layers, UE is expected to process a frequency layers with duration X ms for every F*T ms.

	MTK
	This may be related to RAN4 requirement on extending the reporting delay. When more number of layers are measured, the reporting delay should be scaled accordingly. So the original 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” should be treated as for a frequency layer only.

	SS
	Our understanding is this is for one frequency layer

	CATT
	Our understanding is the original 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” is for one frequency layer.

	Futurewei
	Existing agreement is per single frequency layer

	OPPO
	Share the same understanding that existing agreement is for single frequency layer

	ZTE
	For the report UE capability (N, T), single layer can be assumed. Then, network can scale the actual processing capability of UE if multiple frequency layers are configured.

	vivo
	Same understanding that this UE capability is per frequency layer.

	LGE
	In our understanding, the current agreement is based on one frequency layer.



Based on discussion, companies were invited to comment on the following proposal:

Proposal #4
· [bookmark: _Hlk33587629]UE DL PRS processing capability is defined per single positioning frequency layer
· If UE supports processing of single positioning frequency layer at a time, the value of T is scaled according to the number of positioning frequency layers to be processed by UE
· If UE supports simultaneous processing of multiple positioning frequency layers, the value of T is valid for each positioning frequency layer

Received comments on proposal #4 are captured in table below:

	Qualcomm
	Can companies clarify what they mean by “scaling” in their replies? HW/HS’s scaling suggestion is clear, but other companies do not provide such clarification. 

I see two scaling behaviours here:

A first scaling behaviour is: 
· If the UE reports N PRS symbols within T msec assuming 1 FL, then if it has X FLs, it would be doing N PRS symbols for each FL every X*T msec. 

A second scaling behaviour is:
· If the UE reports N PRS symbols within T msec assuming 1 FL, then if it has X FLs, it would be doing N PRS symbols for each FL every T msec (overall N*X PRS symbols every T msec). 

It seems that the sub bullets in the proposal assumes that we have a capability that a UE “process simultaneous X FLs” or “process them in a TDM fashion”, but we don’t have such a capability. We only have the capability that the UE supports X FLs without saying how the UE processes those. 


	Huawei/HiSilicon
	Are the proposal intended to introduce another capability of simultaneous processing of multiple frequency layers? At least ourunderstanding of RRM in RAN4 only assume TDM processing of different frequency layers.

	vivo
	Our understanding: UE DL PRS processing capability is reported assuming a single positioning frequency layer. 

If the UE reports N PRS symbols within T msec assuming 1 FL, in case of X FL configuration, then the network could assume the UE at least can complete processing all N*X PRS symbols for all FLs in X*T msec.

	ZTE
	The first scaling behaviour listed by QC is our understanding. 

	OPPO
	Our understanding is the first scaling behaviour given by Qualcomm. This scaling issue for multiple frequency layer is somewhat similar to that of bandwidth.

	
	



2.5 Aspect #5: DL PRS Configuration Details
The table below provides views from companies on Aspect #5.
	Qualcomm
	We don’t consider it necessary to add such a dependency assuming both the “number of PRS resources per time period” and “PRS symbols in msec per time period” are reported as proposed in this reply. However, we are open in discussing it further.

	Nokia
	We don’t see the need for this dependence.

	Huawei/HiSilicon
	This capability should be agnostic of the comb factor.

	MTK
	We also don't think there should be dependency on PRS configuration

	SS
	We think dependence on BW, processing time and Comb-factor are related with each other. All factors depend on UE processing capability. We propose to define a set of triplets or a set of maximum triplets containing BW, processing time and Comb-factor as UE capability.

	CATT
	We don't see the need for this dependence, such as comb factor.

	Futurewei
	Not needed

	ZTE
	No need 

	Vivo
	Not needed.

	LGE
	We could not find the necessity for the dependency on comb factor.



Based on discussion, companies were invited to comment on the following proposal:

Proposal #5
· UE DL PRS processing capability is agnostic to DL PRS comb factor configuration

Received comments on proposal #5 are captured in table below:

	Qualcomm
	OK

	Huawei/HiSilicon
	OK

	Nokia
	Again, not sure how valuable additional agreements like this are but if all companies are okay with it then we can accept it. 

	Vivo
	OK

	ZTE
	OK

	OPPO
	OK

	
	



2.6 Aspect #6: Type of Measurements 
The table below provides views from companies on Aspect #6 – including DL PRS RSRP, DL PRS RSTD, UE Rx-Tx time difference, concurrency of measurements:
	[bookmark: _Hlk33613526]Qualcomm
	We propose the UE to report these two DL PRS processing capabilities (“number of PRS resources per time period” and “PRS symbols in msec per time period”) independent of the positioning methods (and measurements) configured. 
Note that we also propose to add additional UE feature which can be used for the UE to report concurrent support of positioning methods and concurrent support of positioning methods per supported CA band combination. 
Specifically, the UE would need to be able to report that it can support concurrent configuration of DL-TDOA, AoD, multi-RTT, e.g., a UE may be able to handle a DL-TDOA method alone, an AoD alone, but not both of them concurrently.

	Nokia
	We agree with QC that this should be independent of the measurements.

	Huawei/HiSilicon
	The capability should be reported for DL-TDOA, DL-AoD, and Multi-RTT positioning separately, in the corresponding xxxx-ProvideCapabilities IE based on the current running CR of LPP. In each positioning technique, UE is expected to conducted all potentially request measurements, e.g. RSTD and PRS RSRP for DL-TDOA positioning. FFS concurrent multiple positioning methods.

	MTK
	Need to further clarify “concurrent support”. Is it based on using same resources for measurement?
In our view, it is possible to perform RSTD and RSRP measurement together using same resources for DL-TDOA and DL-AoD.  To do so it also means fixing RX beam for RSTD measurement. I remember that some companies have concern on fixing RX beam for RSTD measurement. So RSTD and RSRP measurement should be separate

	CATT
	We agree with QC that this should be independent of the positioning methods.

	OPPO
	UE capability regarding concurrent measurement/reporting for different positioning methods is needed

	ZTE
	We are OK with separate capability for each measurement scheme. Regarding the concurrent measurement, we are open for now.

	vivo
	UE capability on PRS processing should not depend on measurement type.
We are open to discuss a separate UE feature on supported positioning methods/measurement report.

	LGE
	We think that it is natural that the UE can obtain different measurements using the same PRS resource such as RSRP and RSTD, but the UE would need to report whether or not to support different positioning methods concurrently. 



Based on discussion, companies were invited to comment on the following proposal:

Proposal #6
· UE DL PRS processing capability is agnostic to the set of UE measurements, i.e. DL RPS RSRP, RSTD and UE Rx-Tx time difference (i.e. applicable to any of DL PRS measurements or their combination)

Received comments on proposal #6 are captured in table below:

	Qualcomm
	We prefer to say agnostic to the configured Positioning method(s)

As a reply to the questions raised below: 
· What we meant is what actually Nokia says below. A UE that supports a DL method and a DL+UL method, or a DL method + DL method,  would need to report this processing capability which is common regarding PRS processing across all methods. 
· To HW/HS,  this is more Ran2 question, but yes, one way to implement this is to report the same value for this field. 


	Huawei/HiSilicon
	One question on the proposal and QC’s comments for clarification, in case of concurrent multiple positioning methods, e.g., DL-AoD and multi-RTT, will UE report the same processing capability in DL-AoD-ProvideCapabilities and MultiRTT-ProvideCapabilities?

	Nokia
	Our assumption is that any UE which supports a DL or DL+UL positioning technique would need to report this processing capability. The UE should not report a separate value for each DL or DL+UL technique but rather one value and separately what techniques it supports.

	vivo
	Our understanding is that given this is UE DL PRS processing capability, this capability should be common and agnostic for any configured UE measurement(s) and/or positioning methods which relies on PRS measurement(s).

	ZTE
	OK with the proposal

	OPPO
	We have similar question as Huawei.  In our understanding, Proposal #6 means that a UE reports the capability assuming 1 positioning measurement is configured (the 1 position method can be any one supported by UE).  Then what is the UE processing capacity when concurrent measurements for multiple positioning methods are configured?

	
	



2.7 Aspect #7: Assumption on Measurement Gap Configuration
The table below provides views from companies on Aspect #7.
	Qualcomm
	We propose the UE to report for both 
· “number of PRS resources per time period” and 
· “number of PRS symbols in msec per time period”
separately for the case of measurement gaps configured and measurement gaps not configured.

Such a differentiation is needed because, when measurement gaps are configured, the UE does not expect PDSCH/PDCCH processing, and has more resources available for PRS processing. Both these features should be reported per band.

When the UE does not report a value for a band for the “DL PRS processing with measurement gaps not configured”, the UE does not support DL PRS processing without measurement gaps for this band.

	Nokia
	NA

	Huawei/HiSilicon
	The used bandwidth of PRS for scaling should consider whether MG is configured. If MG is not configured, the used bandwidth of PRS should be the carrier bandwidth of the serving cell; otherwise the used bandwidth of PRS should be the PRS bandwidth in the assistance data.
We are OK if the capability is reported for with MG and without MG.

	MTK
	We are also ok to support separate capability on with MG and without MG

	SS
	No need

	CATT
	We are also OK if the capability is reported for with MG and without MG.

	Futurewei
	Supports with and without MG

	OPPO
	Support UE capability with and without MG

	ZTE
	OK to support UE capability with and without MG.

	vivo
	Okay to have UE capability with and without MG.

	LGE
	Support separate reporting for with MG and without MG



Based on discussion, companies were invited to comment on the following proposal:

Proposal #7
· Separate UE DL PRS processing capabilities are defined depending on whether configuration of measurement gap is provided to UE
· When UE does not report UE DL PRS processing capability for the case when measurement gaps are not configured, the UE does not support DL PRS processing without measurement gaps

Additional question to companies
Given that for the case when measurement gaps are not configured, the UE is expected to process DL PRS only within active BWP, what DL PRS processing bandwidth should be assumed?

Received comments on proposal #7 are captured in table below:

	Qualcomm
	OK

Answer to companies below: Whether all UEs would support PRS processing without measurement gaps has not been agreed; it is a UE capability discussion.

What the spec section pointed by OPPO below means, is that, if there are not MGs, then the UE would not process outside active BWP, and that it is required to measure PRS within the active BWP and same numerology. The UE may not support this feature of PRS processing without MG; but if it supports it, then it is required to measure only within BWP with same numerology. 


	Huawei/HiSilicon
	We would like to clarify in the 2nd bullet of Proposal 6 whether or not that UE does not support DL PRS process without MG, is different (although partially overlapping) from the capability signalling of support of inter-frequency measurement? If they are different, for example, UE may request gap even if it is intra-frequency measurement?

	Nokia
	Perhaps just the first bullet is needed. 

	vivo
	OK with the 1st bullet.
Clarification question to the 2nd bullet. What does it mean? If the UE does not report capability for the case of without MG, then the network assumes the UE cannot process any PRS even within the active BWP w/o MG?

	ZTE
	The first bullet is enough

	OPPO
	The first bullet is ok. We have the following agreement. It means UE can also support DL PRS PRS processing without measurement gap . Thus 2nd bullet should be removed.
· When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP.
We think the above agreement also answers the additional question.

	
	



2.8 Others
The table below provides views from companies on additional aspects.

	Huawei/HiSilicon
	Regarding QC’s proposal of adding
· Number of PRS resources per time period
Our understanding is that we already have X7 as the UE capability
	Max number of Resources per frequency layer (X7)
	NA

	FFS: values


and we thought the following agreement was captured as X7.
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.

It means that if we connect X7 and the value (X, T) reporting, it simply means that UE is only expected to process X7 PRS resources, spanning within a duration X ms, for every T ms for positioning frequency layer. Wouldn’t that be sufficient?

In response to QC: We still fails to see why X7 would be interpreted as “configuration capability”, what is the intention? Our understanding is that it is highly likely that the PRS from different TRPs on the same positioning frequency layers are fully overlapping. So currently we do not think there should be any problem to connect X7 to the processing capability.

	Qualcomm
	Reply to HW/HS shown above: The X7 does not have any time period associated with it. Also the table with X1-X7 happened in a parallel time with the limit of maximum PRS resources per window. Finally, in the previous meeting, when the later agreement on max PRS symbols per period was agreed, I specifically clarified online that we now have 2 upper bounds, one on the maximum number of PRS resources and another on the maximum number of PRS symbols per period of time. 

One a second note, from our understanding X7 was about configuration capability, not really processing. For example, a UE can be configured with X7=512 resources in a layer, would that mean that if the network configures these 512 resources inside the same 2 symbols, the UE would be able to process all of them? I think if we connect X7 directly with the processing capability, UEs would be reporting fewer number of PRS resources because they would need to be ready for the (admittedly unlikely) case that these resources are on top of each other.

Finally, I would like, for the shake of tracking the technical arguments, to copy below the reply that I provided in an email thread regarding the need of having both a maximum on the PRS resources per period of time and PRS symbols per period of time:

· Imagine a scenario where the UE is scheduled with 1000 resources within 2 symbols. The UE would have to do a “for-loop” across all 1000 resources, this requires a lot of processing power within a short amount of time. So, we need a budget of how many resources within a period of time the UE can do. 
· The other extreme is, all PRS resources are fully TDMed, e.g. we have 1000 resources, each one 12 symbols with repetition of 32, this would require 1000*12*32 symbols. This is a case that takes very long in time, so depending on the UE-implementation (real-time UE or storing-first-processing-later type of UE), it would need a lot of buffering. 




3 Updated Proposals – Discussion Phase 2
[bookmark: _Hlk33717643]
Updated Proposal #1
· For UE DL PRS processing capability, UE may report multiple pairs of values (N1, T) and (N2,T)
· where, N1 is a maximum number of DL PRS symbols, and N2 is a maximum number of PRS resources to be processed within a processing period T,
· FFS values of N1, N2, and T

	CATT
	It is unclear to us what the “multiple” means here. Does it means “multiple” UE pairs of values (N1, T)  and “multiple” pairs of values  (N2,T)? If UE reports two pairs of values (N1, T) , e.g.,  (N1_a, T)  and (N1_b, T) , which one should the network use? 

Maybe the retention is to say UE may report one out of multiple possible pairs of values (N1, T) and (N2,T)?


	Huawei/HiSilicon
	We are OK with “multiple” (N1, T) pairs.
We have the concerns on introducing N2, since we already have X7, and we still believe X7 serves the same purpose as N2. Can the proponents provide an example to show why we need N2 and X7 reported differently, and if so how the network (LMF) should deal with it.
We also do not know why it is written as (N1, T) and (N2, T), instead of (N1, N2, T)

[To QC] We have concern on X7 that is to be interpreted as “supported configuration”, yet “higher than the processing capability” even within a period. The usefulness of X7 will be questioned. 
In addition, we have broadcast AD, which of course may deliver configuration that is beyond UE’s processing capability, since there is no capability exchange at all before acquiring the AD.

	Qualcomm
	To HW: N2 is how many the  UE processes per period, X7 is how many are configured. As an example, the UE may be able to accept a configuration of X7 = 1000 resources, but only  process 10 per msec, and 500 per 160 msec. The LMF, would know that the UE supports configuration of 1000 resources, but it will only be processing 500 of them every 160 msec. 

Can we just add as FFS for now, something like:
· FFS: The relation of N2 to X7, along with their values would be clarified in further meetings? 
A 2nd approach is to write both alternatives for now:
· Alt. 1: N2 = X7
· Alt. 2: N2 is independent reported by the UE

Also, we are OK with saying “multiple (N1, N2, T) triplets”

Furthermore, a small correction: “DL PRS symbols in msec”

Finally, based on the discussion in the previous thread, it seems there is no common understanding on how the DLPRS symbols are counted, so we would like to continue this discussion further and we would like to add a FFS on this.
· FFS: Whether the uncertainty window around the DL PRS resource should be accounted for in the DL PRS processing capability


	vivo
	We don’t understand the reason for a UE to report multiple pairs of (N1, T) and (N2, T). 
The definition of N1 and N2 is the maximum number. The feature lead’s comment on the email reflector saying they are “possible pairs of values”.  What does it mean multiple possible maximum numbers?

	Nokia
	We share some of the concerns highlighted above by other companies. The entire discussion seems to be making something simple, how many DL PRS symbols UE can process in a specified time window, overly complex. Our view is that without discussing the specific values that N and T will take it may be hard to make progress. Would there also be a limit to the number of “multiple” pairs that the UE can report?

	Futurewei
	Not supportive. Do we have a critical operation issue without this?



Updated Proposal #2
· 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 agreement.

	CATT
	We would like to understand a little more on what the “support” means here. We assume the “support” does not mean the network cannot configure the DL PRS bandwidth to be larger than the reported DL PRS bandwidth value. It simply means the UE will not measure the DL PRS that exceeds the reported DL PRS bandwidth value. 

	Huawei/HiSilicon
	OK. We have the same assumption as CATT, since AD may be broadcasting, without exchanging UE capability in advance at all.

We think the following note can be added.
· Note: this overrides the 272 RB assumption in the previous agreement.

	Qualcomm
	OK

	vivo
	OK

	Futurewei
	Support



Updated Proposal #3
· UE DL PRS processing capability is defined per band
· FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS

	CATT
	· Will this proposal overlap with the Updated Proposal #4? When UE reports one UE DL PRS processing capability for a band, and another UE DL PRS processing capability for a positioning frequency layer, which one the network should use?


	Huawei/HiSilicon
	Given the maximum BW UE support is reported per band, we are fine with the processing capability reported per band. But should we limit T to be the same across bands within a FR or even across FRs?
[To QC] OK with QC’s comments.

	Qualcomm
	We are OK. 

To address HW’s comment, can we add an FFS, like :
· FFS: restriction of potential reported values of T across bands within a FR or across FRs. 

	vivo
	Support

	Futurewei
	Support



Updated Proposal #4
· UE DL PRS processing capability is defined per single positioning frequency layer
· RAN1 to select between the following alternatives during RAN1 e-meeting:
· Alt.1. New UE capability is defined indicating whether UE can simultaneously process multiple positioning frequency layers
· If UE supports simultaneous processing of multiple positioning frequency layers, the value of T is valid for each positioning frequency layer
· Alt.2. (if no simultaneous processing capability across frequency layers introduced)
· If UE supports processing of multiple positioning frequency layers, the UE is expected to process one frequency layer at a time (i.e. value of T is scaled according to the number of processed positioning frequency layers)
· FFS differentiation for FR1/FR2

	CATT
	For Alt.1, how about the values of N1 and N2? Will N1 and N2 be valid per positioning frequency layer?  


	Huawei/HiSilicon
	OK for the first bullet.
For the second bullet, are we going to down-select in this meeting or not? 
Our understanding is that both alternative may have a problem if the multiple positioning frequency layers are in different bands, each associated with a different T.
The wording written in Alt.2 may cause confusion, as what matters should be the actual number of positioning frequency layers, rather than the number of supported positioning frequency layers. We think 
Suggest to revise the wording:
· Alt.2. (if no simultaneous processing capability across frequency layers introduced)
· Network assumes UE will process at most one positioning frequency layer at a time.
[To QC]: We are OK in principle with QC’s update, but suggest to revise as following:
· UE DL PRS processing capability is defined per single positioning frequency layer
· If a UE supports processing of multiple positioning frequency layers without simultaneous processing capability across the frequency layers, the value of T is scaled according to the number of supported positioning frequency layers as follows:
· If the UE reports a PRS processing capability value of N within T msec, then for X>1 FLs, the UE is supporting a PRS processing capability value of N every X*T msec for each FL. 
· This at least applies to the case when (N, T) is common within the bands to which the X FLs belongs.
· FFS: Whether simultaneous processing of multiple frequency layers is supported, and if yes, the scaling of the PRS processing capability when multiple frequency layers are supported for a UE supporting the feature of simultaneous processing of the layers. 


	Qualcomm
	OK with first bullet. 

Unfortunately, the scaling behavior “value of T is scaled according to the number of processed positioning frequency layers” may create confusion in Alt. 2. We would like to be more specific for the case of a UE without simultaneous processing capability, as we tried to do in the previous document. Based on the replies, it seems that the following interpretation could be common for such a UE:
· If the UE reports a PRS processing capability value of N within T msec, then if it has X FLs, the UE is supporting a PRS processing capability value of N for each FL every X*T msec. 

Based on the above, we would like to ask the FL to consider the following updated proposal:

· UE DL PRS processing capability is defined per single positioning frequency layer
· If a UE supports processing of multiple positioning frequency layers without simultaneous processing capability across the frequency layers, the value of T is scaled according to the number of supported positioning frequency layers as follows:
· If the UE reports a PRS processing capability value of N within T msec, then for X>1 FLs, the UE is supporting a PRS processing capability value of N every X*T msec for each FL. 
· FFS: Whether simultaneous processing of multiple frequency layers is supported, and if yes, the scaling of the PRS processing capability when multiple frequency layers are supported for a UE supporting the feature of simultaneous processing of the layers. 


	vivo
	OK with the first bullet.

Our preference is not to introducing another UE capability of whether simultaneous processing of multiple frequency layers is supported.
The Alt.1 and Alt.2 in the second bullet seem are assumptions on actual UE implementation, which we think are more suitable for UE feature/capability discussion. 

	Nokia
	Okay with first bullet. Not sure that we can resolve the 2nd bullet at this meeting as the alternatives are still questionable. 

	Futurewei
	Support first bullet



Updated Proposal #5
· UE DL PRS processing capability is agnostic to DL PRS comb factor configuration

	CATT
	Support

	Huawei/HiSilicon
	Support

	Qualcomm
	Support

	vivo
	support

	Nokia
	Support

	Futurewei
	Support



Updated Proposal #6
· UE DL PRS processing capability is agnostic to the set of UE measurements, i.e. DL RPS RSRP, RSTD and UE Rx-Tx time difference (i.e. applicable to any of DL PRS measurements or their combination)

	CATT
	Support

	Huawei/HiSilicon
	Support

	vivo
	Support

	Nokia
	Support only if we add it is also agnostic to the set of positioning techniques. 

	Futurewei
	Support



Updated Proposal #7
· Separate UE DL PRS processing capabilities are defined depending on whether configuration of measurement gap is provided to UE
· FFS assumed DL PRS processing bandwidth when no measurement gap is configured
· FFS if clarification below is needed:
· When UE does not report UE DL PRS processing capability for the case when measurement gaps are not configured, the UE does not support DL PRS processing without measurement gaps

	CATT
	Are we really need to have separate UE DL PRS processing capabilities? Can we simply consider the T is changed as a function of gap duration, e.g., (T+ the gap duration) if the gap is configured?

[updated] Thanks QC for the response. 

First, measurement gap is a term commonly used for UE to perform inter-frequency measurement. From the discussion, the MG here seems to be a time window allocated specifically to UE for performs FL PRS measurements, which can be intra-frequency or inter-frequency. I think we may need first to clarify the term here.

In addition, from LMF point of view, I am wondering how this information can be used. LMF has no control on UE’s DL activity (no right to configure the MG), and it does not know whether UE is busy in other DL activities either.


	Huawei/HiSilicon
	OK for the main bullet. We see potential discrepancies between with MG and without MG. Even if in reality there is no such.
The last bullet should be FFS, as we are not clear about its relationship with the capability of supporting inter-frequency measurement.

To CATT’ update: In our view, measurement gap should not be interpreted as something other than the existing measurement gap.
As for whether intra-frequency measurement can have the measurement gap, we think so. Note that based on the existing RAN4 assumption, the following case should be classified as the intra-frequency measurement:
· PRS from the serving cell has the same numerology as the PRS from neighbouring cell, but different from that of DL BWP
As for how networks utilize this capability report, one impact would to adjust the expected outcome in the RequestLocationInformation (measurement config) and ProvideLocationInformation (measurement report), e.g. latency qos, and expected accuracy aspects, not necessarily on the assistance data delivery.

	Qualcomm
	To CATT: It is not about adding gap or not as a relaxation to the “T”. A UE might not have any processing resources available (or might have too few of resources) if the gap is not configured, (since it processes PDSCH/PDCCH, etc) so adding “+gap” in the “T” duration would not solve for problem? For example, if the UE has X processing resources for the case of gap not configured, and X*100 if it is configured, I don’t see how the relation to the relaxation “T+gap” would help. 

	vivo
	OK


[bookmark: _GoBack]Finallyб based on discussion RAN1 agreed on subset of revised proposals as provided in Section #4.
4 Conclusions
As an outcome of the RAN1 e-mail discussion, the pare of proposals were agreed while remaining proposals are expected to be concluded at the subsequent RAN1 WG meetings. The final list of proposal agreed during RAN1 e-mail discussion [100e-NR-Pos-DL-PRS-02] is provided below:

Updated Proposal #2
· 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.

Updated Proposal #3
· 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

Updated Proposal #4
· UE DL PRS processing capability is defined for a single positioning frequency layer

Updated Proposal #5
· UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
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