[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #110	R4-2401824
Athens, Greece, 26th Feb – 1st March, 2024

Source:	ZTE Corporation
Title:	Discussion on RRM impacts on PRS/SRS bandwidth aggregation
Agenda item:	8.14.2.5
Document for:	Approval
Introduction
The Rel-18 WID [1] investigates positioning accuracy enhancement with advanced techniques of bandwidth aggregation . RAN4 has been assigned the following objectives.
	· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signaling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].



In previous meetings, we mainly discussed the bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers, especially the RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting and another general issues.
Discussion
2.1 Bandwidth aggregation for positioning measurements
In the last meeting, we have reached several agreements as below:
	Issue 3-2-4: Impact of PRS collision with other signals on PRS bandwidth aggregation requirement
Agreements:
· Further discussion on this issue is not precluded and based on contribution driven in the maintenance part.



For this issue we RAN4 also has reached the agreement as below:
	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.


First of all RAN1 deems that 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. This agreement doesn’t clarify whether UE is expected to measure PRS resource on non-colliding PFLs, however, when UE is configured to perform positioning measurement on aggregated PFLs and one of the PFLs collides with the high priority DL signal, it is beneficial for UE to perform the measurement on non-colliding PFLs (priority rule) which can be the baseline. 
Proposal 1: RAN4 shall consider that the UE shall perform the measurement on the non-colliding PFLs which is the basic situation.
We shall analyse this situation by cases:
2PFLs case:
When UE performs positioning measurement on 2PFLs and one of the PFLs collide with other high priority DL signal and UE can perform the PRS measurement on the non-colliding PFL (remaining one PFL), I deem that the legacy measurement period can be considered.
Proposal 2: When 2PFLs have been considered and one of the PFLs collides with the high DL signal, the UE is configured to perform the PRS measurement on the non-colliding PFL and the legacy measurement requirements can be considered.
3PFLs case: 
When UE is configured to perform positioning measurement on 3PFLs, and one of the PFLs collides with the high DL signal the two cases shall be considered:
Case 1: PFLs to be aggregated are contiguous
Case 2: PFLs to be configured are non-contiguous
For this scenario, the above two cases can be occurred and we shall discuss the related requirements. However, we shall study the needs in WID in first section that we only study the PRS bandwidth aggregation up to three intra-band contiguous situation. But this case 2 is not the corner case, it has the probability that the middle one will be collided with the high priority DL signals and it will be dropped based on the priority rule and in the previous meeting, RAN4 has already defined the related requirements on the aggregated PRS measurement period requirements as below:
	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
· Tmeasure,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.
 between where Teffect,i is the Teffect from both aggregated PFLs and non-aggregated PFLs which are configured for positioning measurement. 



For case 2, the remaining PFLs are not aggregated and based on the above requirements, the Taggregate shall be equal to 0, and also the Tmargin shall only consider non-aggregated PFLS which are configured for positioning measurement. And we can find that the remaining Tnon-aggregate is equal to Rel-17 the measurement period requirement, with the modification that only PRS resources that are not aggregated are counted in Tnon-aggregate, that is, the dropped PFL will not be calculated in this component.
For case 1 it has no differences when UE is configured to perform aggregated positioning measurement on 2 contiguous PFLs. RAN4 has already defined the measurement period requirements in previous meeting on above, this case can be applied where the Tnon-aggregate is equal to 0 since the non-aggregated PFL has dropped because of the high priority DL signal and only remaining 2 contiguous PFL can be calculated in Taggregate and Tmargin without consideration of non-aggregated PFLS.
Based on above analysis, for this 3PFLs scenario, the measurement period which is defined for bandwidth aggregation across all PFLs can be used with the different conditions and consideration.
Observation 1: RAN4 only study the PRS bandwidth aggregation up to three intra-band contiguous carriers.
Observation 2: PFLs to be configured are non-contiguous and this is not the corner case.
Observation 3: In previous meetings, RAN4 has already defined measurement period requirements with bandwidth aggregation across all PFLs.  
Proposal 3: When 3PFLs have been considered and one of the PFLs collides with the high DL signal, the UE is configured to perform the PRS measurement on the other 2 contiguous PFLs and the measurement requirements can be considered by aggregating 2PFL:
Tmeasure,total = Taggregate + Tnon-aggregate+
Where,
Taggregate is the total measurement period for aggregate measurements (i.e. measurements with bandwidth aggregation) across all PFLs
 between where Teffect,i is the Teffect from aggregated PFLs which are configured for positioning measurement. 
Tnon-aggregate is equal to 0.
Proposal 4: RAN4 shall also consider the non-contiguous PFLs when one of PFLs collides with high priority DL signals:
Tmeasure,total = Taggregate + Tnon-aggregate+
Where,
Taggregate is equal to 0
 between where Teffect,i is the Teffect from non-aggregated PFLs which are configured for positioning measurement. 
Tnon-aggregate is the total measurement period for non-aggregate measurements (i.e. measurements without bandwidth aggregation) across all PFLs.
We also find that the RAN1 has the agreement on performing SRS measurement when the PFLs collide with the higher priority signals:
	Agreement [RAN1 #114]
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


Based on the above agreement, if the aggregated PFLs collide with the high priority signals such as SSB, the RS transmission in all aggregated carriers will be stopped in the same symbol. This idea may can also applied in the PRS aggregation since the DL PRS collision is the symbol level, we deem that if the aggregated PFLs meet the high priority signal, the PRS resources all aggregated carriers in the same symbol shall be dropped which is similar to SRS transmission agreed in RAN1.
Observation 4: 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.
Proposal  5: In RRC_CONNECTED state, for positioning PRS aggregation across CCs, if PRS in one of aggregated carriers is dropped in a symbol, stop PRS transmission in all aggregated carriers in the same symbol.

Conclusion
The following observations and proposals are made.
Proposal 1: RAN4 shall consider that the UE shall perform the measurement on the non-colliding PFLs which is the basic situation.
Proposal 2: When 2PFLs have been considered and one of the PFLs collides with the high DL signal, the UE is configured to perform the PRS measurement on the non-colliding PFL and the legacy measurement requirements can be considered.
Observation 1: RAN4 only study the PRS bandwidth aggregation up to three intra-band contiguous carriers.
Observation 2: PFLs to be configured are non-contiguous and this is not the corner case.
Observation 3: In previous meetings, RAN4 has already defined measurement period requirements with bandwidth aggregation across all PFLs.  
Proposal 3: When 3PFLs have been considered and one of the PFLs collides with the high DL signal, the UE is configured to perform the PRS measurement on the other 2 contiguous PFLs and the measurement requirements can be considered by aggregating 2PFL:
Tmeasure,total = Taggregate + Tnon-aggregate+
Where,
Taggregate is the total measurement period for aggregate measurements (i.e. measurements with bandwidth aggregation) across all PFLs
 between where Teffect,i is the Teffect from aggregated PFLs which are configured for positioning measurement. 
Tnon-aggregate is equal to 0.
Proposal 4: RAN4 shall also consider the non-contiguous PFLs when one of PFLs collides with high priority DL signals:
Tmeasure,total = Taggregate + Tnon-aggregate+
Where,
Taggregate is equal to 0
 between where Teffect,i is the Teffect from non-aggregated PFLs which are configured for positioning measurement. 
Tnon-aggregate is the total measurement period for non-aggregate measurements (i.e. measurements without bandwidth aggregation) across all PFLs.
Observation 4: 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.
Proposal  5: In RRC_CONNECTED state, for positioning PRS aggregation across CCs, if PRS in one of aggregated carriers is dropped in a symbol, stop PRS transmission in all aggregated carriers in the same symbol.
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