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Introduction
RRM requirements for PRS/SRS CA are discussed in RAN4#108-bis, and outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed.
· PRS CA
· SRS CA 
In this paper we will provide our views on RRM core requirements for PRS/SRS CA. The measurement accuracy requirements are discussed in our companion paper for the Perf part.
Discussion
PRS CA
	Issue 3-1-1: Applicable aggregated bandwidth
· Proposals
· Option 1: LG
· Support option 2 with additional maximum bandwidth 100 MHz for FR1 and 400 MHz for FR2.
· Option 2: Nokia
· RAN4 to investigate as baseline for measurement performance requirements a single carrier bandwidth of 10 MHz, 20 MHz and 50 MHz for PRS/SRS BW aggregation in FR1 and 50 MHz, 100 MHz, 200 MHz for PRS/SRS BW aggregation in FR2.
· RAN4 to deprioritize measurement period and measurement performance requirements for unequal PFL bandwidth for PRS/SRS BW aggregation.
· Recommended WF
· Discuss the options.


In our view, measurement period requirements for PRS CA should be defined in BW agnostic manner. The exact BW in each aggregated PFL, and whether they are equal or unequal do not impact the requirements. 
Proposal 1: RAN4 to define measurement period requirements for PRS CA in BW agnostic manner.
	Issue 3-2-1: Conditions for PRS/SRS bandwidth aggregation requirements
· Proposals
· Option 1: OPPO
· The conditions for PRS/SRS bandwidth aggregation agreed in RAN1 could be used as baseline for defining RRM requirements in RAN4.
· Option 2: CATT
· Requirements for PRS bandwidth aggregation are applicable provided that the linked PRS resource sets are from the same TRP. Option 2 is also supported:
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· 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.
· Option 3: HW
· Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
· 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.
· Option 4: Xiaomi
· RAN4 shall define core requirements for positioning measurement with PFL bandwidth aggregation with the conditions below at least:
· In the same slot, in same symbols, by the same TRP associated with the same ARP, from the same RF chain (i.e. the same antenna)
· The same number of symbols, symbol location within one slot, repetition factor,
· The same periodicity and slot offset
· The same muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· The same number of PRS resource sets and resources for a TRP 
· The same power per subcarrier
· The same antenna port
· Recommended WF
· Discuss the options.


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 2: 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 3: 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: Measurement period requirement for PRS/SRS bandwidth aggregation
Agreements:
· RAN4 requirements does not need to include the number of groups of PFLs. The number of PFL groups can be larger than 1. This is based on the assistance data received from the LMF.
· Tmargin is needed. The value is FFS.


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.
RAN1 sent LS [2] to RAN4, informing RAN4 that the maximum number of PFL combinations that can be requested by LMF is 2. We do not think this agreement will impact RAN4 requirements, since RAN4 agreed in last meeting that requirements do not need to include the number of groups of PFLs.
Proposal 4: 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)
	Issue 3-2-3: Impact of PRS collision with other signals on PRS bandwidth aggregation requirement
Agreements:
· When the PRS collision with other signals on PRS bandwidth aggregation requirement, the measurement period can be longer, and FFS whether RAN4 to define the UE behaviour in RAN4.


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, we do not think RAN4 should define UE behavior whether and how UE should perform the measurement on the remaining non-dropped resources. This conflicts with RAN1 conclusion.
Technically, it is also difficult to define the requirements. It could happen that PRS resource dropping occurs for some TRP, but for some other TRP there is no PRS resource dropping on any PFL. It means UE needs to perform both aggregated and non-aggregated measurements in one MG occasion. Both UE implementation and requirements will be complicated. 
Proposal 5: RAN4 not to define UE behaviour when there is no PRS resource dropping on any of the aggregated PFLs.
	Issue 3-2-7: TEG for PRS/SRS bandwidth aggregation
Agreements:
· RAN1 is still discussing whether to support TEG for PRS/SRS bandwidth aggregation. Wait for RAN1 progress.


In our understanding, there is no controversial discussion in RAN1 related to TEG for PRS CA. Since TEG is already considered in the measurement period for single PFL, we do not see particular issue to include TEG for PRS CA.
Proposal 6: TEG is considered in measurement period requirements for PRS CA.
	Issue 3-2-12: PRS aggregation for PRS-RSRP and PRS-RSRPP
· Proposals
· Option 1: HW, Nokia
· Option 1A: HW
· RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
· Option 1B: Nokia
· RAN4 to wait on further RAN1 agreement related to PRS-RSRP and PRS-RSRPP measurement type across aggregated PFLs.
· Option 2: Qualcomm
· When PRS-RSRP(P) is reported with timing-based positioning measurements (RSTD or UE Rx-Tx) with BW aggregation, the measurement period requirement for the timing-based measurements applies.
· No measurement requirements will be defined for stand-along PRS-RSRP(P) reporting with PRS BW aggregation.
· Recommended WF
· Discuss the options.


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 7: RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
	Issue 3-2-14: Simulations for PRS measurements with PRS BW aggregation
· Proposals
· Option 1: QC
· Simulate performance in AWGN only.
· Simulate only RSTD and UE Rx-Tx measurements with PRS BW aggregation.
· For PRS BW aggregation across 2 PFLs simulate the following configurations
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
per PFL
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	1
	32

	
	30
	48
	1
	32

	
	
	132
	1
	16

	
	60, FR1
	64
	1
	16

	
	
	132
	1
	8

	
	60, FR2
	64
	1
	16

	
	
	132
	1
	8

	
	120
	64
	1
	8

	
	
	128
	1
	4

	PRS comb size
	4

	PRS symbol size
	4

	PRS periodicity
	40ms

	Sample number
	2 for Es/Iot of (-3, -6, -6)dB
4 for Es/Iot of (-6, -13, -13)dB

	TOA estimation 
	Realistic 

	Path #
	First path



· For PRS BW aggregation across 3 PFLs simulate the following configurations
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
per PFL
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	1
	16

	
	30
	48
	1
	16

	
	
	132
	1
	8

	
	60, FR1
	64
	1
	8

	
	
	132
	1
	4

	
	60, FR2
	64
	1
	8

	
	
	132
	1
	4

	
	120
	64
	1
	4

	
	
	128
	1
	2

	PRS comb size
	4

	PRS symbol size
	4

	PRS periodicity
	40ms

	Sample number
	2 for Es/Iot of (-3, -6, -6)dB
4 for Es/Iot of (-6, -13, -13)dB

	TOA estimation 
	Realistic 

	Path #
	First path



· Channel spacing between PFLs not to exceed the nominal channel spacing for CA defined in 38.101-1, clause 5.4A.1 for FR1 and in 38.101-2, clause 5.4A.1 for FR2. FFS the exact channel spacing values for each PRS configuration.
· Recommended WF
· Discuss whether simulations are needed for core requirements or for performance requirements (accuracy). Postpone the issue if they are required only for the latter.


In last meeting, some companies made some proposal on the simulation for PRS CA. We understand the simulation is not needed for the core requirements. On the other hand, the Perf part of the WI starts in this meeting, and considering the meeting schedule it is meaningful to discuss the simulation assumption so that companies can simulate before next meeting to get better prepared for the Perf discussion.
We provide some thoughts on the BW selection in our companion paper for Perf part, and we also provide a simulation assumption in the Annex.
Proposal 8: RAN4 to approve the simulation assumption in the Annex for PRS CA.
SRS CA 
	Issue 3-1-3: Applicable condition in RRC inactive 
· Proposals
· Option 1: OPPO
· The scenario that aggregated SRS outside initial UL BWP should be considered when defining RRM requirements in RRC INACTIVE state.
· Option 2: Nokia
· RAN4 to base RRM requirements for RRC_INACTIVE on the scenario that aggregated carriers with SRS for positioning are located outside the initial UL BWP.
· Recommended WF
· Discuss the options.


We do not see the need to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in INACTIVE.
It is noted that in Rel-17, SRS transmission outside initial BWP is already supported, and there is no RAN4 requirements defined. We believe the following from RAN1 spec 38.214 is sufficient. 
	If the transmission of SRS for positioning outside the initial BWP in RRC_INACTIVE mode along with the switching time, indicated in higher layer parameter switchingTimeSRS-TX-OtherTX, in unpaired spectrum, subject to UE capability, collides in time domain with other DL signals or channels or UL signals or channels, the SRS for positioning transmission is dropped in the symbol(s) where the collision occurs.


For SRS CA in INACTIVE, RAN1 agreed to reuse the same collision handling as in Rel-17. We suggest RAN4 to also follow the same principle in Rel-17, i.e. no requirements are defined.
	Agreement
For positioning SRS aggregation transmission in RRC_INACTIVE state, reuse Rel-17 prioritization rule of SRS outside initial BWP, i.e. SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs.


Proposal 9: RAN4 not to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in INACTIVE. 
	Issue 3-2-4: Impact of SRS collision with other signals on SRS bandwidth aggregation requirement
· Proposals
· Option 1: Xiaomi
· RAN4 can discuss the impacts due to SRS bandwidth aggregation for UE Rx-Tx time difference requirements firstly.
· The requirements of UE Rx-Tx time difference measurements with SRS aggregation is applicable only when there is no any dropped aggregated SRSs.
· Option 2: Nokia
· RAN4 to modify transmission requirements in TS 38.133 for the case one of the aggregated SRS carriers has a collision with other signal/channel in at least one symbol.
· Recommended WF
· Discuss the option.


On option 1, we do not think RAN4 need to define new applicability rule for UE Rx-Tx requirements related to SRS dropping in case of SRS CA. 
It is noted that SRS dropping is also possible without SRS CA. However, in Rel-16, RAN4 did not define any applicability rule for UE Rx-Tx requirements related to SRS dropping. This is because the Tx timing in UE Rx-Tx is not based on actual SRS transmission. On the other hand, to ensure the positioning performance for multi-cell RTT, RAN4 defines the proximity condition between PRS and SRS. For SRS CA, we suggest RAN4 to follow the same principle as in Rel-16.
On option 2, we believe it is a UE behaviour to be captured in RAN1. 
Proposal 10: RAN4 not to define new applicability rule for UE Rx-Tx requirements related to SRS dropping in case of SRS CA. 
	Issue 3-2-8: Scheduling restriction under PRS/SRS bandwidth aggregation
· Proposals
· Option 1: LG
· RAN4 to define interruption requirements or scheduling restriction for SRS transmission for BW aggregation on UL communication CC.
· Option 2: CATT
· The priority relation between aggregated PRS/SRS resources and other signals and the dropping rules need to be captured in scheduling availability in RAN4 spec.
· Option 3: Nokia
· RAN4 to reflect the prioritization rule of SSB or other DL channel reception over SRS for positioning transmission outside the initial BWP in RRC_INACTIVE state in terms of defining scheduling restriction in a new clause 5.6.x in TS 38.133 aligned to current scheduling restriction in clause 5.5.4.   
· Recommended WF
· Discuss the options.
Issue 3-2-10: Impact of guard period on CA throughput
· Proposals
· Option 1: Nokia
· RAN4 to study the impact to CA data throughput due to the presence of guard period before and after aggregated SRS transmission.
· Recommended WF
· Discuss the option.
Issue 3-2-11: Interruption due to SRS transmission for BW aggregation
· Proposals
· Option 1: CATT
· Interruptions at NR SRS carrier based switching defined in TS 38.133 clause 8.2.2.2.9 can be reused for the interruption due to SRS bandwidth aggregation. Detailed interruption time can be further determined based on RF session conclusion.
· Option 2: QC, HW
· 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 or antenna switching can be re-used as baseline.
· Option 3: LG
· RAN4 to define interruption requirements or scheduling restriction for SRS transmission for BW aggregation on UL communication CC.
· Recommended WF
· Discuss the options.


The three issues 3-2-8, 3-2-10 and 3-2-11 are all related to the impact of SRS CA on data communication. In our view, RAN4 should wait for RAN1 conclusion before deciding whether and how to define interruption requirements for SRS CA. 
If RAN1 adopts similar approach for CONNECTED as INACTIVE, i.e. SRS CA is dropped when it collides with any UL or DL channel, then there is no need to define any interruption requirements in RAN4 since the collision would never happen. Otherwise, if it’s possible that SRS CA collides with some UL or DL channel on any carrier, then RAN4 may need to define interruption requirements similar to existing interruption requirements for SRS carrier switching.
Proposal 11: RAN4 to discuss whether to define interruption for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1. 
Conclusions
In this paper we provided our views on RRM requirements for PRS/SRS CA.
Proposal 1: RAN4 to define measurement period requirements for PRS CA in BW agnostic manner.
Proposal 2: Requirements for PRS CA are applicable provided that LMF requests UE to perform joint measurement across aggregated PFL.
Proposal 3: 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 4: 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 5: RAN4 not to define UE behaviour when there is no PRS resource dropping on any of the aggregated PFLs.
Proposal 6: TEG is considered in measurement period requirements for PRS CA.
Proposal 7: RAN4 to discuss the impact of RSRP(P) measurement on the requirements for PRS CA based on further RAN1 agreements.
Proposal 8: RAN4 to approve the simulation assumption in the Annex for PRS CA.
Proposal 9: RAN4 not to define requirements for collision between SRS CA (outside initial BWP) with other UL/DL channels in INACTIVE. 
Proposal 10: RAN4 not to define new applicability rule for UE Rx-Tx requirements related to SRS dropping in case of SRS CA. 
Proposal 11: RAN4 to discuss whether to define interruption for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1. 
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Annex: Simulation assumption for PRS BW Aggregation 
[bookmark: _Ref139264887]Table 1. General parameters.
	Parameter
	Value

	
	FR1
	FR2

	Cell layout
	3 TRPs at distinct locations: <cell 1, cell 2, cell 3>, where TRP 1 is the reference TRP

	Network synchronization
	• Synchronous with time shifts <0, 0, 3 us>
• Asynchronous with time shifts: <0, 7 symbols, -7 symbols> 

	Duplex modes
	FDD and TDD

	TDD specific parameters (TDD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
· TDDConf.2.1 (30 kHz)
	· TDDConf.3.1 (120 kHz)

	Data and CCH load in PRS symbols
	no other cell transmissions in its positioning symbols, except PRS

	Data and CCH load in non-PRS symbols
	1. 50% utilization in time
1. 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 30 kHz, 60 kHz
· FDD, TDD
	· 40 GHz
· 60 kHz, 120 kHz
· TDD

	Propagation conditions 
	AWGN
TDL-A (30 ns delay spread, 5Hz)
	AWGN
TDL-C (60 ns delay spread, 300Hz)

	Es/Iot for three TRPs (cell 1, cell 2, cell 3), [dB]
	Same as Rel-17 side conditions for Nsample = 4 and Nsample = 1.

	Number of samples ( Nsample)
	4 and 1

	Number of UE receive antennas
	2

	Number of transmit PRS antennas
	1

	Cell ID, TRP ID, PRS Resource Set ID
	Selected to ensure non-overlapping PRS REs in frequency

	Number of DL PRS Resource sets for a positioning fix
	1 (including all PRS resource repetitions)

	PRS muting
	No muting, muting (comb 2) 

	Power boosting
	No power boosting

	ExpectedRSTD-UncertaintyNOTE 1
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	Number of PFLs NOTE 2
	2 and 3

	Carrier BW
	Smallest channel BW as defined in 38.101 that is larger than the PFL BW

	Carrier spacing
	Nominal carrier spacing for intra-band contiguous CA as defined in 38.101

	NOTE 1: nr-DL-PRS-expectedRSTD-uncerainty is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).
NOTE 2: Each PFL belongs to a carrier, and the 2 or 3 carriers to which the PFLs belong to are intra-band contiguous. 


Table 2: PRS transmission configuration parameters for each PFL
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	104
	1
	64

	
	30
	132
	1
	32

	
	
	272
	1
	16

	
	60, FR1
	64
	1
	32

	
	
	132
	1
	16

	
	60, FR2
	64
	1
	32

	
	
	132
	1
	16

	
	120
	64
	1
	16

	
	
	128
	1
	8

	PRS comb size
	4

	PRS symbol size
	4

	Number of samples
	1, 4

	PRS periodicity
	40ms, 200ms

	TOA estimation 
	Realistic

	Path #
	First path



Performance metric
At least the following performance characteristics are to be provided for PRS RSTD:
· RSTD error CDFs for the 2 neighbour cells 
· 5%-ile and 95%-ile of the RSTD errors 
At least the following performance characteristics are to be provided for UE Rx-Tx:
· TUE-RX error CDFs for the 3 cells 
· 90%-ile of the TUE-RX errors for each cell
In the above, 
· RSTD error = estimated RSTD – ideal RSTD (based on perfect channel knowledge).
· UE Rx-Tx error = abs (estimated TUE-RX – ideal TUE-RX) (based on perfect channel and UE location knowledge)
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