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Introduction
In this contribution, we provided the corrections/clarifications on the Rel-16 positioning WI.

Discussion
One TRP serving multiple positioning frequency layers
In RAN2#111 [2], it was discussed and captured in the Chairman’s Notes that 
	P5:
· <Omitted>
· Huawei think the LMF implementation can handle the scenario by using the same PRS-Id for different TRPs.  Ericsson think this does not work across frequency layers because each layer has a locally unique PRS-Id and it cannot be reused in this way.
· CATT think the proposal is acceptable for the case of different frequency layers.
· vivo understand that the PRS-Id could be reused.  We have the frequency layer level that can distinguish them.  Ericsson think this was discussed previously and the PRS-Id has to be unique per TRP within the assistance data scope, e.g. to distinguish which measurements are being reported.
· Huawei understand that a TRP can have 2 PRS resource sets per frequency layer, and up to 8 across frequency layers, and the ID is the same across the frequency layers in this case.  Ericsson have a different understanding and think the parameter list does not reflect this; they consider that the requirement to support 8 resource sets is what the UE can handle, not what a single TRP can operate, and the AD hierarchy would have to be different to support PRS-Id reuse.  Huawei think RAN1 discussed this issue in terms of the value range of the ID.
· Qualcomm have the understanding that the TRPs from different frequency layers are normally separate sites, but think it would do no harm to have the possibility in the spec.
· Huawei can accept the proposal, but want to clarify that the PRS-Id can be reused across frequency layers, e.g. if one TRP transmits with different bandwidths on different frequency layers.  Ericsson disagree but think it is a separate issue from the signalling.
· OPPO can accept the proposal but think we should clarify if the PRS-Id can be reused across frequency layers.  They have the same understanding as Huawei and some concern that we introduce two methods of representing the same situation.  Qualcomm think the spec does not need to care about how the PRS-Id is assigned; it is up to network deployment.
· Introduce the associatedDL-PRS-ID in the TRP location info element.



This captured minute was to discuss the TRP location sharing on different positioning frequency layers for UE-based assistance data. There seems to be different understanding among companies for the following issue
1. Can dl-PRS-ID be used to associate a single TRP across multiple positioning frequency layers?
Since both dl-PRS-ID and positioning frequency layers are concepts introduced in RAN1, we checked the agreement made in RAN1 on those aspects, and propose the following clarifications.
First, when we refined the definition of positioning frequency layers in RAN1#98b and RAN1#99, we define the positioning frequency as a collection of PRS resource sets with the common
1. PointA
1. Subcarrier spacing and CP type
1. Center frequency
1. Comb size
1. Starting PRB and bandwidth
Observation 1: Positioning frequency layer is simply a logical collection of PRS resource sets sharing some common parameter values.
When we put the restriction of starting PRB and bandwidth, there was a clear example shown in [1], and we all agreed that in such a case, the two PRS resource sets with different bandwidths, although transmitted from the same TRP, can be actually assigned to two positioning frequency layers.
[image: ]
Figure 1 Illustration of two PRS resource sets each with a different BW and period

Observation 2: Two PRS resource sets transmitted from the same TRP and with different bandwidths should be configured in different positioning frequency layers, which implies that positioning frequency layers encompass a wide variety of usages that are not limited by e.g. carrier aggregation.
This operation was also verified by the following agreement made in RAN1#98b when we introduced the ID for the TRP.
	Agreement:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID



Observation 3: The ID, which was later renamed to dl-PRS-ID by RAN2, was introduced in the first place by RAN1 to serve as a virtual TRP ID to associate multiple PRS resource sets (across positioning frequency layers).
Regarding DL PRS resource set ID, it was agreed that the DL PRS resource set ID is defined locally within a TRP in RAN1#98b.
	Agreement:
· DL PRS Resource IDs are locally defined within DL PRS Resource Set
· DL PRS Resource Set IDs are locally defined within TRP



When RAN1 discussed the value range of higher layer parameters in RAN1#99, it was agreed that the maximum PRS resource sets per TRP per positioning frequency layer was 2, while later when RAN1 determined the range of DL PRS resource set ID, it was 0-7, reflecting the number of the PRS resource sets per TRP across all positioning frequency layers being 8, which is calculated by number of resource set per TRP per positioning frequency layers (2) times the number of positioning frequency layers (4).
	Max number of PRS resource sets per TRP (X3) per frequency layer
	X3=2

	Values = {1,2}



	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parant IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range

	NR_pos-Core
	NR DL PRS Configuration
	　
	　
	DL-PRS-ResourceSet
	DL-PRS-ResourceSetId
	DL-PRS-ResourceSetId
	New
	　
	The ID of this DL PRS Resource Set. Each DL PRS Resource Set has a DL PRS Resource Set ID.
	{0,1,…,maxNumDL-PRS-ResourceSetsPerTRP-1}

maxNumDL-PRS-ResourceSetsPerTRP = 8



Observation 4: The range of DL-PRS resource set ID already take single TRP serving multiple positioning frequency layers into account.
Observation 5: The only reasonable explanation should be that dl-PRS-ID can be used to associate the same TRP on different positioning frequency layers, and further PRS resource set ID can used to locate the frequency layer within the TRP.
Proposal 1: Conclude in RAN1 that the same dl-PRS-ID on different positioning frequency layers implies the same TRP serving the respective positioning frequency layers.

Clarification of  msec window
RAN1 already specified the method of calculating PRS duration  with an  msec window after receiving the assistance data.
In addition, RAN4 specified the measurement latency based on UE reported capability  and the calculated  with the following methods [3].
	 is the measurement period for PRS RSTD measurement in positioning frequency layer as specified below 
 ,
where: 
·  is the UE Rx beam sweeping factor. In FR1,  = 1; and in FR2  = [8].
·  is the carrier-specific scaling factor for the positioning frequency layer i as defined in clause 9.1.5.2 as CSSFwithin_gap,i.
·  is the number of PRS RSTD samples and = [4]. 
·  is the measurement duration for the last PRS RSTD sample, including the sampling time and processing time,  =  +  ,
·  = 
· , the least common multiple between  and .
·  is the time duration  as defined in clause 5.1.6.5 of TS 38.214 [26, 5.1.6.5].
·  is the maximum number of DL PRS resources in positioning frequency layer i configured in a slot. 
·  is UE capability combination per band where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth supported by UE as specified in clause 4.2.7.2 of TS 38.306 [14].
·  is UE capability for number of DL PRS resources that it can process in a slot as specified in clause 4.2.7.2 of TS 38.306 [14].
If positioning frequency layer i has more than one DL PRS resource set with different PRS periodicities, the maximum PRS periodicity among DL PRS resource sets is used to derive the measurement period of that positioning frequency layer. 



The connection between RAN1 and RAN4 lies in the following components:
1.  with  is the time duration  as defined in clause 5.1.6.5 of TS 38.214 [26, 5.1.6.5].
1.  with 
7.  = 
7. , the least common multiple between  and .
Although it is not clearly mentioned after the equation, one can understand that  should be the UE reported capability, i.e. the T from (N, T), while  is the PRS periodicity within the positioning frequency layer, and it takes the value of the largest PRS periodicity among the PRS resource sets if there are different ones.
Observation 6: When calculating the PRS processing latency, RAN4 assumed that the PRS duration  is processed using  cycles of , where  is dependent on the largest periodicity of the PRS.
Observation 7: It is unclear how  is selected when calculate  ().
In our understanding, if the periodicity of PRS resource sets are the same, it is natural that  should be selected as the common periodicity, since the duration  is the same in any  msec window, and UE will do round-robin of processing if  is larger than the reported , reflected by the factor .
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[bookmark: _Ref52114652]Figure 2 Illustration of PRS resource sets with different periodicities

However, if the periodicity of PRS resource sets are different, how to select  remains unclear. In the example shown in Figure 2, one PRS resource set has the periodicity of  while the remaining two have  with one having addition  msec offset. 
The following table summarize how the selection of  effects the latency requirements.
	The periodicity of PRS resource set 0 is 160ms and that of the PRS resource set 1 and 2 is 320ms, i.e.,  ms.
The measurement gap configuration has MGRP = 40ms, and MGL = 6ms (Gap pattern 0).
UE reported PRS processing capability is (N, T) = (6ms, 160ms).
The PRS resources in a slot is within UE reported capability.

	
	
	
	

	640 msec
	20 msec
	320 msec
	4 sec

	320 msec
	10 msec
	320 msec
	 sec

	160 msec
	5 msec
	320 msec
	 sec

	

	The periodicity of PRS resource set 0 is 80ms and that of the PRS resource set 1 and 2 is 160ms, i.e.,  ms.
The measurement gap configuration has MGRP = 40ms, and MGL = 6ms (Gap pattern 0).
UE reported PRS processing capability is (N, T) = (6ms, 160ms).
The PRS resources in a slot is within UE reported capability.

	
	
	
	

	320 msec
	20 msec
	160 msec
	4 sec

	 msec
	10 msec
	160 msec
	 sec

	 ms
	5 msec
	160 msec
	 sec

	

	The periodicity of PRS resource set 0 is 40ms and that of the PRS resource set 1 and 2 is 80ms, i.e.,  ms.
The measurement gap configuration has MGRP = 40ms, and MGL = 6ms (Gap pattern 0).
UE reported PRS processing capability is (N, T) = (6ms, 160ms).
The PRS resources in a slot is within UE reported capability.

	
	
	
	

	160 msec
	20 msec
	160 msec
	4 sec

	 msec
	10 msec
	160 msec
	 sec

	 ms
	5 msec
	160 msec
	 sec



Observation 8: Different assumptions on the  will have impact on the PRS processing latency.
From UE implementation point of view:
For PRS periodicity set (160 msec, 320 msec) with UE capability (N, T)=(6, 160), 1.28 msec should be sufficient to allow UE to process all PRS resource sets with at least four times
· Resource sets 0 and 1 for the 1st, 3rd, 5th and 7th 160ms interval
· Resource sets 0 and 2 for the 2nd, 4th, 6th, and 8th 160ms interval
For PRS periodicity set (80 msec, 160 msec) with the UE capability (N, T)=(6, 160), 1.28 msec should be sufficient to allow UE to processs all PRS resource sets with at least four times
· Resource sets 0 and 1 for the 1st, 3rd, 5th, and 7th 160ms interval
· Resource sets 0 and 2 for the 2nd, 4th, 6th, and 8th 160ms interval
· 640ms should NOT sufficient since it requires UE to process 10ms PRS every 160msec
For PRS periodicity set (40 msec, 160 msec) with the UE capability (N, T)=(6, 160), 1.28 msec should be sufficient, which is the same as (80 msec, 160 msec) case.
While the normal operation of PRS transmission is the same periodicity, the spec is expected to be robust in the presence of non-aligned periodicities, not quite optimal though. In this regard, we suggest to adopt the  that is the maximum PRS periodicity among DL PRS resource sets in a positioning frequency layer when calculating the duration .
In this case, the following latency requirements are exemplified.
For PRS periodicity set (160 msec, 320 msec) with UE capability (N, T)=(6, 160), the latency is 2.56 sec (non-optimal).
For PRS periodicity set (80 msec, 160 msec) with the UE capability (N, T)=(6, 160), the latency is 1.28 sec (optimal)
For PRS periodicity set (40 msec, 80 msec) with the UE capability (N, T)=(6, 160), the latency is 1.28 sec (optimal)
Proposal 2:  is selected to be the maximum PRS periodicity among the DL PRS resource sets in a positioning frequency layer.
Capture it in RAN4 spec or in RAN1 spec
In case it is required to be captured in the RAN4 spec, send an LS to RAN4.
In case it is required to be captured in the RAN1 spec, agree the draft CR in R1-2008789 [4].

PRS periodicity restriction
As discussed in section 2.2, we also found that it will be extremely difficult to analyse the PRS measurement latency if the maximum PRS periodicity is not the least common multiple (LCM) of the periodicities in a positioning frequency layers. Therefore, we have the following proposal.
Proposal 3: UE is not expected to handle the case that the maximum PRS periodicity in a positioning frequency layer is not the least common multiple of the periodicities in the positioning frequency layer.

Conclusion
In this contribution, we provided our view on the following aspects related to the PRS reception procedure for Rel-16 NR positioning.
1. Clarification on functionality support of reusing PRS ID across multiple positioning frequency layers to identify the same TRP.
1. Clarification on the P msec window selection.
1. Restricting the PRS periodicity configuration on a positioning frequency layer.
Based on the discussion, we have the following observations and proposals.
Observation 1: Positioning frequency layer is simply a logical collection of PRS resource sets sharing some common parameter values.
Observation 2: Two PRS resource sets transmitted from the same TRP and with different bandwidths should be configured in different positioning frequency layers, which implies that positioning frequency layers encompass a wide variety of usages that are not limited by e.g. carrier aggregation.
Observation 3: The ID, which was later renamed to dl-PRS-ID by RAN2, was introduced in the first place by RAN1 to serve as a virtual TRP ID to associate multiple PRS resource sets (across positioning frequency layers).
Observation 4: The range of DL-PRS resource set ID already take single TRP serving multiple positioning frequency layers into account.
Observation 5: The only reasonable explanation should be that dl-PRS-ID can be used to associate the same TRP on different positioning frequency layers, and further PRS resource set ID can used to locate the frequency layer within the TRP.
Observation 6: When calculating the PRS processing latency, RAN4 assumed that the PRS duration  is processed using  cycles of , where  is dependent on the largest periodicity of the PRS.
[bookmark: _GoBack]Observation 7: It is unclear how  is selected when calculate  ().
Observation 8: Different assumptions on the  will have impact on the PRS processing latency.
Proposal 1: Conclude in RAN1 that the same dl-PRS-ID on different positioning frequency layers implies the same TRP serving the respective positioning frequency layers.
Proposal 2:  is selected to be the maximum PRS periodicity among the DL PRS resource sets in a positioning frequency layer.
Capture it in RAN4 spec or in RAN1 spec
In case it is required to be captured in the RAN4 spec, send an LS to RAN4.
In case it is required to be captured in the RAN1 spec, agree the draft CR in R1-2008789 [4].
Proposal 3: UE is not expected to handle the case that the maximum PRS periodicity in a positioning frequency layer is not the least common multiple of the periodicities in the positioning frequency layer.
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