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Introduction
RAN4 continued discussing requirements for PRS/SRS bandwidth aggregation in RAN4#108. The latest agreements and open issues were captured in a WF [1].
In this brief paper we provide our views on the progress in RAN1 and provide our proposals on how to define the core requirements.
Discussion
RAN1 has reached further agreements on the objective of PRS/SRS BW aggregation [2]. Selected agreements are shown below.
Agreement
For PRS/SRS bandwidth aggregation between two or three different PFLs/carriers, send a reply LS to request RAN4 to capture the condition of ‘the same RF chain (same antenna)’ in RAN4 specification.

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

Agreement
In RRC_CONNECTED state, for positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, stop SRS transmission in all aggregated carriers in the same symbol

Agreement
With regard to aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state, support both Option 2 and Option1.
· Option 2: Support to use a DCI format 0_3 or 1_3 for multi-cell PDSCH/PUSCH scheduling to trigger SRS resources for bandwidth aggregation in multiple CCs.
· Option 1: Support a Rel-17 single DCI scheduling positioning SRS resource sets across the linked carriers, as a separate UE capability.
· Reuse Rel-17 DCI framework without modification. 
· If a single DCI indicates transmission of an aperiodic positioning SRS resource set, UE transmits aperiodic positioning SRS resource sets across all linked carriers for bandwidth aggregation.


 PRS BW aggregation
RAN4 reached an initial high-level agreement on the measurement period requirement for PRS BW aggregation in RAN4#108 [1]. In this section we provide further proposals on how to finalize the requirement.
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.


The FFS in the above agreement proposes adding a delay margin between the non-aggregated measurements and the aggregated measurements. In our view, this is reasonable and consistent with the way RAN4 defined the measurement period requirement in Rel-16,  where margin was added between measurements performed in different PFLs.
Proposal 1: Add a margin to the measurement period requirement for RSTD and UE Rx-Tx with PRS BW aggregation across multiple PFLs:

·  if either  or  .
· FFS the exact formula for , depending on RAN1 agreements on UE capabilities, etc.
RAN1 is defining UE capabilities for PRS BW aggregation across two or three PFLs in Rel-18 [3]. Given that a UE may support up to four PFLs, the LMF may configure up to two groups of PFLs (each group comprising two PFLs) for BW aggregation. The measurement period requirement should cover that scenario.
Proposal 2: The measurement period requirement for PRS BW aggregation is defined for
· one group of two or three intra-band contiguous PFLs containing PRS resource sets to be aggregated, or
· two groups of two intra-band contiguous PFLs containing PRS resource sets to be aggregated.
· In each case, only one group of aggregated PFLs is processed at a time.
For PRS BW aggregated measurements within measurement gaps, we propose to define the measurement delay contribution   in a similar way to the Rel-17 requirement, taking into account the new UE capabilities defined by RAN1 [3].
Proposal 3: For PRS measurement with BW aggregation within measurement gaps, define  as follows:

where  is the number of PFL groups to be aggregated, and for each PFL group:

· 
·  corresponds to parameter N defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs 
·  is the maximum number of PRS resources per PFL that the UE can process in one slot, as defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs
·  is the maximum number of DL PRS resources configured per slot in one PFL, considering all PRS resource sets to be aggregated.
·  is defined as


·  corresponds to parameter T defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs 
·  is the available PRS periodicity as defined in Rel-17 for any one of the PFLs to be aggregated. Only PRS resources that satisfy the conditions for PRS BW aggregation are considered when calculating .
·  is the time duration of available PRS in PFL i during , where PFL i is any one of the PFLs to be aggregated. Only PRS resources that satisfy the conditions for PRS BW aggregation are considered when calculating .
·  is the scaling factor for measurement of same PRS resource with multiple Rx TEGs
·  is the carrier-specific scaling factor for PRS measurements with BW aggregation. The definition is FFS.
·  is a scaling factor for a positioning frequency layer to be measured within an associated measurement gap. As baseline, RAN4 will leverage the definition of  in Rel-17 to define .
·  is the UE Rx beam sweeping factor.  for FR1.  is based on the Rel-17 definition for FR2, including support for reduced Rx beam sweeping factor.
·  is the measurement delay for the last aggregated sample. As baseline, RAN4 will leverage the definition of   in Rel-17 to define .

Issue 3-2-6: Impact of PRS resource dropping on PRS/SRS bandwidth aggregation requirement
· Proposals
· Option 1: HW, E///
· RAN4 to discuss the impact of PRS resource dropping in one or more PFLs on the requirements based on further RAN1 agreements.
· Option 1A: E///
· RAN4 to start evaluating impact of PFL dropping due to collision with high priority DL signals/channels on requirements for PRS aggregation for positioning measurements after the issue is settled in RAN1.


Regarding issue 3-2-6, RAN1 agreed that when PRS is dropped in one of the PFLs to be aggregated, it is up to UE implementation whether to report measurements based on one or more PRS resources from the set of aggregated PFLs. In our view, for the applicability of the measurement period requirement, RAN4 can follow the same approach as in Rel-16/17. i.e. the requirement applies assuming no PRS resources are dropped due to collisions with other signals; otherwise, the measurement period can be extended.
Proposal 4: The measurement period requirement for PRS BW aggregation within measurement gaps applies assuming no PRS resources are dropped due to collisions with other signals. Otherwise, the measurement period can be longer.
For PRS-RSRP(P) measurements reported with BW aggregation, RAN1 agreed that a single measurement will be reported for a group of PRS resources linked for BW aggregation when requested by the LMF. The RAN1 agreement does not state that the single PRS-RSRP(P) measurement must be performed with BW aggregation. However, it is clear that reporting multiple PRS-RSRP(P) measurements for a group of PRS resources linked for BW aggregation is not supported.
Issue 3-2-11: 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.


Proposal 5: 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.
Proposal 6: No measurement requirements will be defined for stand-along PRS-RSRP(P) reporting with PRS BW aggregation. 
 SRS BW aggregation
Issue 3-2-10: Interruption due to SRS transmission for BW aggregation
· Proposals
· Option 1: 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.

Proposal 7: Define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RAN4 RF session. Requirements for SRS carrier switching or antenna switching can be re-used as baseline.
 Simulation assumptions
Proposal 8: Simulate performance in AWGN only.
Proposal 9: Simulate only RSTD and UE Rx-Tx measurements with PRS BW aggregation.
Proposal 10: 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



Proposal 11: 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



Proposal 12: 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.
Conclusions
Proposal 1: Add a margin to the measurement period requirement for RSTD and UE Rx-Tx with PRS BW aggregation across multiple PFLs:

·  if either  or  .
· FFS the exact formula for , depending on RAN1 agreements on UE capabilities, etc.
Proposal 2: The measurement period requirement for PRS BW aggregation is defined for
· one group of two or three intra-band contiguous PFLs containing PRS resource sets to be aggregated, or
· two groups of two intra-band contiguous PFLs containing PRS resource sets to be aggregated.
· In each case, only one group of aggregated PFLs is processed at a time.
Proposal 3: For PRS measurement with BW aggregation within measurement gaps, define  as follows:

where  is the number of PFL groups to be aggregated, and for each PFL group:

· 
·  corresponds to parameter N defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs 
·  is the maximum number of PRS resources per PFL that the UE can process in one slot, as defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs
·  is the maximum number of DL PRS resources configured per slot in one PFL, considering all PRS resource sets to be aggregated.
·  is defined as


·  corresponds to parameter T defined in FG 41-4-1 (41-4-1a) for aggregation of 2 (3) PFLs 
·  is the available PRS periodicity as defined in Rel-17 for any one of the PFLs to be aggregated. Only PRS resources that satisfy the conditions for PRS BW aggregation are considered when calculating .
·  is the time duration of available PRS in PFL i during , where PFL i is any one of the PFLs to be aggregated. Only PRS resources that satisfy the conditions for PRS BW aggregation are considered when calculating .
·  is the scaling factor for measurement of same PRS resource with multiple Rx TEGs
·  is the carrier-specific scaling factor for PRS measurements with BW aggregation. The definition is FFS.
·  is a scaling factor for a positioning frequency layer to be measured within an associated measurement gap. As baseline, RAN4 will leverage the definition of  in Rel-17 to define .
·  is the UE Rx beam sweeping factor.  for FR1.  is based on the Rel-17 definition for FR2, including support for reduced Rx beam sweeping factor.
·  is the measurement delay for the last aggregated sample. As baseline, RAN4 will leverage the definition of   in Rel-17 to define .
Proposal 4: The measurement period requirement for PRS BW aggregation within measurement gaps applies assuming no PRS resources are dropped due to collisions with other signals. Otherwise, the measurement period can be longer.
Proposal 5: 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.
Proposal 6: No measurement requirements will be defined for stand-along PRS-RSRP(P) reporting with PRS BW aggregation. 
Proposal 7: Define interruption requirements for SRS transmission for BW aggregation on CC without PUSCH/PUCCH based on conclusions from RAN1 and RAN4 RF session. Requirements for SRS carrier switching or antenna switching can be re-used as baseline.
Proposal 8: Simulate performance in AWGN only.
Proposal 9: Simulate only RSTD and UE Rx-Tx measurements with PRS BW aggregation.
Proposal 10: 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



Proposal 11: 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



Proposal 12: 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.
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