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Introduction
RRM requirements for RedCap positioning are discussed in RAN4#108, and outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed.
· Impact of PRS CA
· Impact of SRS CA
· Report mapping
In this paper we will provide our views on RRM requirements for PRS/SRS CA.
Discussion
Impact of PRS CA
RAN1 agreed that LMF will indicate UE whether to perform joint measurement across aggregated PFLs, so naturally the requirements for PRS CA would apply only when LMF indicates so. This is same as requirements for reduced sample number which is also based on LMF indication.
Proposal 1: Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
RAN1 also agreed that the resource linkage between the aggregated PFLs are on resource set level. Our understanding is shown in Figure 1. 
In Figure 1, resource set #0 of TRP #2 on two PFLs are indicated to be linked. UE would perform aggregate measurement over the two resource #0 (two yellow resources) in the two resource sets, two resource #1 (two green resources), two resource #2 (two blue resources), and so on. 
Since LMF does not indicate resource set #1 of TRP #2 as linked, UE would not perform aggregate measurement over any pair of resources in these two resource sets. It is clear that the requirements for aggregate measurements are only applicable to resources in the resource sets that are indicated to be linked. For resources in resource sets that are not indicated to be linked, UE would perform single PFL measurement, i.e. non-aggregate measurement as in Rel-17.
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Figure 1: Example of PRS CA indication
Besides, in the RAN1 agreements, UE would perform aggregate measurement over the linked resources only if certain alignment conditions are met. If the alignment conditions are not met for resources in the linked resource sets, our view is that UE is expected to measure them based on single PFL (i.e. non-aggregate measurement). This is same as the resources in non-linked resource sets.
Proposal 2: Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
	Issue 3-2-2: Impact of number of PFLs on PRS/SRS bandwidth aggregation requirements
Agreements:
· The total measurement period for RSTD and UE Rx-Tx requirements with bandwidth aggregation across all PFLs is defined as
· Txxxx,total = Taggregate + Tnon-aggregate
· Taggregate is the total measurement period for aggregate measurements (i.e. measurements with bandwidth aggregation) across all PFLs
· Taggregate is equal to zero if aggregate measurements are not configured.
· Only PRS resources that are aggregated shall be counted in Taggregate
· Tnon-aggregate is the total measurement period for non-aggregate measurements (i.e. measurements without bandwidth aggregation) across all PFLs
· Tnon-aggregate is equal to the Rel-17 the measurement period requirement, with the modification that only PRS resources that are not aggregated are counted in Tnon-aggregate
· Tnon-aggregate is equal to zero if non-aggregate measurements are not configured.
· FFS whether additional margin shall be added for the alignment of aggregated and non-aggregated measurements.


In last meeting, RAN4 agreed the framework of measurement period requirements for PRS CA. There are two remaining open issues:
· Requirement for aggregated measurement (Taggregate)
The measurement period of aggregate measurements can be defined re-using the existing requirements as baseline. As the linked resources across multiple PFLs are measured at the same time and a single TOA measurement is generated, for aggregate measurements multiple PFLs should be regarded as one ‘effective’ PFL, and a new processing capability which is under discussion in RAN1 (41-4-1/1a) would apply. When defining Lprs, only the linked resources would be counted. 
· Whether additional margin is needed for the alignment of aggregated and non-aggregated measurements
We think the additional margin is needed. In current requirements for multiple PFLs, an margin for resource alignment is added as highlighted, to account for the time before the PRS resource on the next PFL to occur. 

Each of Taggregate and Tnon-aggregate may include multiple PFLs or multiple effective PFLs, and the alignment margin is already included. However, the margin in between aggregated and non-aggregated measurements is still missing, and following current requirements, it can be defined as maximum of Teffect among all PFLs and effective PFLs.
Proposal 3: Adopt the following addition to the measurement period requirements for PRS CA.
· Taggregate is defined re-using the existing requirements as baseline, and
· multiple PFLs with linked resource sets are considered as one ‘effective’ PFL
· new processing capability for aggregate measurements would apply
· only resources that are linked are considered in Lprs
· Update the total measurement period by adding an alignment margin 
Txxxx,total = Taggregate + Tnon-aggregate + max(Teffect,i)
RAN1 made following agreements related to PRS resource dropping in Aug meeting.
	Agreement
[bookmark: OLE_LINK14]For the case when PRS in one of aggregated PFL is dropped because of collision with other signals, for LMF based positioning, it is up to UE implementation to perform positioning measurement based on one or more of the PRS resources in the aggregated PFLs.
· Note: it is up to RAN4 whether or not to define performance requirements for this case of collision with other signals.


Since it is up to UE implementation to perform aggregated measurement in case of PRS resource dropping in one of the aggregated PFLs, there is no need to define requirements for such cases. Instead, RAN4 can define the applicability for the aggregated measurement requirements that they apply provided that there is no PRS resource dropping on any of the aggregated PFLs.
Proposal 4: Requirements for the aggregated measurement apply provided that there is no PRS resource dropping on any of the aggregated PFLs.
Another issue discussed in last meeting is the requirements for PRS-RSRP(P) measurement, when the TOA is based on aggregated measurement. RAN1 has not decided whether in this case PRS-RSRP(P) is performed based on aggregated measurement or single PFL measurement. RAN4 needs to wait for RAN1 conclusion before defining the measurement period for PRS-RSRP(P).
Proposal 5: RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
Impact of SRS CA
In [2] RAN1 informed the following agreements and asked RAN4 to provide the retuning time. 
	Agreement
When an SRS resource configured within a CC without PUSCH/PUCCH is linked for aggregation with an SRS resource configured within an UL active BWP of a UL communication CC, a guard period is needed before and after the aggregated SRS transmissions. 
· Send an LS to RAN4 with the above information and a request to provide the retuning time values needed. 


We believe the retuning time will be discussed in RF session, and in RRM session we should define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH. This is similar to those defined for SRS carrier switching, and the detail can be discussed based on conclusions from RAN1 and RF session.
Proposal 6: RAN4 to define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RF session. Requirements for SRS carrier switching can be re-used as baseline.
Report mapping
	Issue 1-1-1: Reply LS to RAN1 on SRS and PRS bandwidth aggregation for positioning
Agreements:
· Send LS to RAN1 if the agreement is reached on the wording:
· K= -1 and -2 are feasible and beneficial from RAN4 perspective.
· K=-3, -4, -5, -6 are also feasible. However, RAN4 has not done any study to identify their benefit:
· Whether =-3, -4, -5, -6 are supported is up to RAN1 decision.


In last meeting, all companies agreed that K=-3, -4, -5, -6 is feasible from RAN4 perspective because the reporting granularity is a separate issue from the accuracy. The controversial part is whether to include the sentence in yellow in the reply LS to RAN1. 
In our view, since RAN4 agreed that whether =-3, -4, -5, -6 are supported is up to RAN1 decision, RAN4 is not expected to study the benefit of the values. Adding the sentence in yellow in the reply LS will give unnecessary negative information to RAN1 as it means RAN4 does not see any benefit in those values, which is not true. Technically, we do see benefits of the values for achieving good positioning accuracy in certain cases, e.g. with good SNR and channel condition and with oversampling employed by the UE/TRP. Finer reporting granularity will increase the potential of NR positioning and help to promote NR positioning in use cases where very high positioning accuracy is required.
Besides, we understand use of k<0 is applicable for both aggregate and non-aggregate measurements. On one hand, restricting the usable k value based on aggregate/non-aggregate or the aggregated BW will make the spec complex; on the other hand, such restriction will limit UE/TRP implementation since some UE/TRP may choose to use smaller values in certain scenarios or under certain configurations. In any case, the k value to be used for reporting is up to UE\TRP, and we see no strong motivation to make much restriction.
Finally, in RAN1 LS only the UE reporting granularity is mentioned, and based on RAN4 agreement last meeting, TRP reporting granularity should be also extended, and RAN4 should mention this to RAN1. 
Proposal 7: RAN4 to confirm the feasibility of the negative k values for both aggregate and non-aggregate measurements, and for both UE and TRP.
In last meeting some companies made proposals [2] on the detailed mapping table for the agreed new reporting granularity. While this is for performance part, the number of entries in the mapping table will impact RAN2 signalling, so RAN4 should discuss it in the core part.
We agree with the proposals in [2], and one missing part is the additional path reporting. Since the mapping table for different UE and gNB measurements are same, we can focus the discussion on 3 types of reporting: 
· absolute, for RSTD, UE Rx-Tx, UL-RTOA, and gNB Rx-Tx, range -985024 Tc to +985024 Tc
· differential, for RSTD and UE Rx-Tx, range 0 to +8191 Tc 
· additional path, for RSTD, UE Rx-Tx, UL-RTOA, and gNB Rx-Tx, range -8175 Tc to +8175 Tc
For absolute reporting, the new mapping tables for k=-1 and k=-2 are in Table 1 and 2. The label “RSTD” can be replaced for UE Rx-Tx, UL-RTOA, and gNB Rx-Tx.
Table 1: Mapping table for absolute reporting, k = -1
	Reported Quantity Value,
	Measured Quantity Value,
	Unit

	RSTD_i
	RSTD
	

	RSTD_0000000
	RSTD < -985024
	Tc

	RSTD_0000001
	-985024  RSTD < -985023.5
	Tc

	RSTD_0000002
	-985023.5  RSTD < -985023
	Tc

	
	
	…

	RSTD_1970048
	-0.5  RSTD < 0
	Tc

	RSTD_1970049
	0  RSTD < 0.5
	Tc

	…
	…
	…

	RSTD_3940095
	985023  RSTD < 985023.5
	Tc

	RSTD_3940096
	985023.5  RSTD < 985024
	Tc

	RSTD_3940097
	985024  RSTD
	Tc


Table 2: Mapping table for absolute reporting, k = -2
	Reported Quantity Value,
	Measured Quantity Value,
	Unit

	RSTD_i
	RSTD
	

	RSTD_0000000
	RSTD < -985024
	Tc

	RSTD_0000001
	-985024  RSTD < -985023.75
	Tc

	RSTD_0000002
	-985023.75  RSTD < -985024.5
	Tc

	
	
	…

	RSTD_3940096
	-0.25  RSTD < 0
	Tc

	RSTD_3940097
	0  RSTD < 0.25
	Tc

	…
	…
	…

	RSTD_7880191
	985023.5  RSTD < 985023.75
	Tc

	RSTD_7880192
	985023.75  RSTD < 985024
	Tc

	RSTD_7880193
	985024  RSTD
	Tc


For differential reporting, the new mapping tables for k=-1 and k=-2 are in Table 3 and 4. The label “DIFFRSTD” can be replaced for UE Rx-Tx.
Table 3: Mapping table for differential reporting, k = -1
	Reported Quantity Value,
DIFFRSTD_i
	RSTD = RSTD1  RSTD2
	Unit

	DIFFRSTD_0000
	0  RSTD < 0.5
	Tc

	DIFFRSTD_0001
	0.5  RSTD < 1
	Tc

	DIFFRSTD_0002
	1  RSTD < 1.5
	Tc

	
	
	…

	DIFFRSTD_16380
	8190  RSTD < 8190.5
	Tc

	DIFFRSTD_16381
	8190.5  RSTD < 8191
	Tc

	DIFFRSTD_16382
	8191  RSTD
	Tc


Table 4: Mapping table for differential reporting, k = -2
	Reported Quantity Value,
DIFFRSTD_i
	RSTD = RSTD1  RSTD2
	Unit

	DIFFRSTD_0000
	0  RSTD < 0.25
	Tc

	DIFFRSTD_0001
	0.25  RSTD < 0.5
	Tc

	DIFFRSTD_0002
	0.5  RSTD < 0.75
	Tc

	
	
	…

	DIFFRSTD_32762
	8189.5  RSTD < 8190.75
	Tc

	DIFFRSTD_32763
	8190.75  RSTD < 8191
	Tc

	DIFFRSTD_32764
	8191  RSTD
	Tc


For additional path reporting, the new mapping tables for k=-1 and k=-2 are in Table 5 and 6. 
Table 5: Mapping table for additional path reporting, k = -1
	Reported Quantity Value,
path_i
	Measured Quantity Value,
path
	Unit

	
	
	

	path_00000
	path < -8175
	Tc

	path_00001
	-8175  path < -8174.5
	Tc

	path_00002
	-8174.5  path < -8174
	Tc

	
	
	…

	path_16350
	-0.5  path < 0
	Tc

	path_16351
	0  path < 0.5
	Tc

	…
	…
	…

	path_32699
	8174  path < 8174.5
	Tc

	path_32700
	8174.5  path < 8175
	Tc

	path_32701
	8175  path
	Tc


Table 6: Mapping table for additional path reporting, k = -2
	Reported Quantity Value,
path_i
	Measured Quantity Value,
path
	Unit

	
	
	

	path_00000
	path < -8175
	Tc

	path_00001
	-8175  path < -8174.75
	Tc

	path_00002
	-8174.75  path < -8174.5
	Tc

	
	
	…

	path_32700
	-0.25  path < 0
	Tc

	path_32701
	0  path < 0.25
	Tc

	…
	…
	…

	path_65399
	8174.5  path < 8174.75
	Tc

	path_65400
	8174.75  path < 8175
	Tc

	path_65401
	8175  path
	Tc


Proposal 8: Use Table 1-6 for reporting mapping for k=-1 and k=-2.
Conclusions
In this paper we provided our views on RRM requirements for PRS/SRS CA.
Proposal 1: Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
Proposal 2: Requirements for aggregate measurement are applicable to PRS resources in the resource sets that are indicated to be linked, provided that the alignment conditions defined by RAN1 are met.
Proposal 3: Adopt the following addition to the measurement period requirements for PRS CA.
· Taggregate is defined re-using the existing requirements as baseline, and
· multiple PFLs with linked resource sets are considered as one ‘effective’ PFL
· new processing capability for aggregate measurements would apply
· only resources that are linked are considered in Lprs
· Update the total measurement period by adding an alignment margin 
Txxxx,total = Taggregate + Tnon-aggregate + max(Teffect,i)
Proposal 4: Requirements for the aggregated measurement apply provided that there is no PRS resource dropping on any of the aggregated PFLs.
Proposal 5: RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
Proposal 6: RAN4 to define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RF session. Requirements for SRS carrier switching can be re-used as baseline.
Proposal 7: RAN4 to confirm the feasibility of the negative k values for both aggregate and non-aggregate measurements, and for both UE and TRP.
Proposal 8: Use Table 1-6 for reporting mapping for k=-1 and k=-2.
Reference
[1]. R4-2314353, WF on R18 NR positioning – RedCap positioning and PRS/SRS BW aggregation, Ericsson
[2]. R4-2312736, On requirements for PRS/SRS aggregation for positioning measurements, Ericsson
8

1

image1.png
PFLA

TRPHL

PFLB

TRPH2

Resource set#0

TRPEN

TRPHL

) i

TRPH2

TRPEN

Resource set#1

Resource set#0
Resource set#1





