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Introduction
In this paper, we further discuss the maintenance issues for the PRS BW aggregation and SRS BW aggregation for positioning. 

Common aspects
Same precoding for aggregated PRS/SRS resources
In RAN1#113 [1], we discussed the condition for aggregated PRS resources and the following agreement was made.
	Agreement
For PRS bandwidth aggregation between PRS in two or three different PFLs, the following are needed for the aggregated PRS resources for a TRP:
· The same periodicity and slot offset
· The same muting pattern
· The same NR-DL-PRS-SFN0-Offset value
· UE expects to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths in frequency domain (Note: It does not preclude dropping some REs in the guardband between two PFLs).
· FFS same antenna port from RAN1 perspective



There has been extensive discussion on how phase continuity between aggregated PFLs/CCs should be captured in the specification. We would like to highlight the following two points.
First, phase continuity for positioning with BW aggregation is not properly defined in RAN1 spec so far. Note that, for TBoMS, the phase continuity across slots is converted to the same antenna port.
Second, phase contiguity, based on its reasonable interpretation, is not sufficient to cover the channel condition across CC/frequency layers.
For example, another condition that also needs to be considered is the precoding for the aggregated PRS/SRS resources. Clearly the inconsistency of precoding would lead to the non-coherence of the channel of the aggregated resources, which has been well acknowledged and the concept of assuming the same precoding being used in one PRG for PDSCH/DMRS was accordingly introduced in the specification.
Observation 1: Existing spec already deals with the same precoding of PDSCH/DMRS using PRG concept.
Some specification transparent precoders can be used by UE when transmit positioning SRS, e.g. small delay CDD. With that the UE can also claim the phase is continuous if the UE adjusts the phase of the small delay CDD precoder even with different delay values on two CCs.
Therefore, in order to ensure the positioning gain for the aggregated resources, TRP should guarantee that the aggregated PRS resources on the different PFLs have the same precoding. Likewise, UE should make sure that the precoding of the aggregated SRS resources is the same. 
Based on the above analysis, the aggregated PRS/SRS resources should meet the same precoding condition. Therefore, we have the following proposal.

Proposal 1: Endorse the following TP for clause 5.1.6.5 of TS 38.214.
Reason of changes: Phase continuity is not sufficient for aggregated processing. 
Summary of changes: Add the same precoding as the condition of aggregated resources.
Consequence if not approved: Bandwidth aggregation for DL PRS may not be able to achieve the desired positioning accuracy.
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
When the UE is expected to perform joint measurements for bandwidth aggregation across DL PRS positioning frequency layers, the UE expects to be configured with linkage information, via higher layer parameter [linkage], between DL PRS resource sets across DL PRS positioning frequency layers. For the linked DL PRS resource sets, the UE is expected to be configured with the same values of QCL, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-NumSymbols, dl-PRS-ResourceTimeGap, dl-PRS-ResourceSymbolOffset, dl-prs-MutingBitRepetitionFactor, dl-PRS-CyclicPrefix, comb size, power per subcarrier, NR-MutingPattern, and NR-DL-PRS-SFN0-Offset, and the UE is expected to be configured with DL PRS resources that maintain uniformly spaced DL PRS RE pattern within a symbol across aggregated DL PRS positioning frequency layers. The UE may assume that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, and the UE assumes phase continuity on the DL PRS resources, and the UE assumes that the precoding of the DL PRS resources is the same; otherwise, the UE does not assume that PRS resources from the linked DL PRS resource sets are linked for bandwidth aggregation.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

Proposal 2: Endorse the following TP for clause 6.2.1.4 of TS 38.214.
Reason of changes: Phase continuity is not sufficient for aggregated processing. 
Summary of changes: Add the same precoding as the condition of aggregated resources.
Consequence if not approved: Bandwidth aggregation for SRS may not be able to achieve the desired positioning accuracy.
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
The UE is expected to be configured with linkage information [linkage] on SRS resource sets for positioning across two or three CCs which are linked for bandwidth aggregation. For the linked SRS resource sets, the UE is expected to be configured with the same values of startPosition, nrofSymbols, periodicityAndOffset, slotOffset, alpha, p0, subcarrier spacing, CP, and comb size, and the UE is expected to maintain phase continuity for the SRS transmission, and the UE is expected to maintain same precoding for the SRS resources. The UE may assume that SRS resources across the linked SRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, otherwise, the UE does not assume that SRS resources of the linked SRS resource sets are linked for bandwidth aggregation. For the linked SRS resource sets for bandwidth aggregation across CCs, if an SRS configured by the higher layer parameter SRS-PosResource, along with the [switching period] when applicable, collides with other signals or channels on a symbol and is the SRS in that symbol that is dropped, SRS transmission of the linked SRS resource sets across all CCs is dropped on that symbol.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

Measurement request
RAN1#113 [1] discussed the new signaling in the location information request message for PRS bandwidth aggregation, and the following agreement was achieved.
	Agreement
For PRS bandwidth aggregation, with regards to the signaling in the location information request message, introduce the following:
· A request to indicate UE which two or three PFLs to be used for performing joint measurement 
· A new ReportingGranularityfactor smaller than 0 which can be applicable at least when the LMF requests aggregated measurements
· Support at least the values of k={-1,-2}
· FFS other values e.g. -3, -4, -5, -6
· Send RAN4 an LS to confirm the feasibility



The remaining FFS is about the need to support smaller ReportingGranularityfactor such as {-3, -4, - 5, -6}. Considering that in FR2, the aggregated bandwidth can be 1200MHz with the super-resolution timing estimation providing a measurement granularity gain of more than 10 times, the needed granularity could be as low as 80ps (2.4cm). Therefore, at least k=-3 should also be considered. 
Therefore, we have the following proposal.
Proposal 3: For PRS/SRS bandwidth aggregation, the new ReportingGranularityfactor should also support k=-3 in addition to {-1,-2} when the LMF requests the aggregated measurements. 
No RAN1 spec impact is envisioned. 
Decision affects signaling design. 

Measurement report
In RAN1#113 [1], we discussed the measurement report for BW aggregation and we have the following agreement.
	Agreement
For PRS bandwidth aggregation across PFLs, in a measurement report element, support
· Single RSRP or single RSRPP 
· FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs
· The aggregated reference RSTD 
· The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results
Agreement
For SRS bandwidth aggregation across carriers, support
· Single RSRP or RSRPP is reported
· FFS: the single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers
· The used SRS resource IDs for the aggregated measurement are shared for RSRP/RSRPP and/or timing measurement results



The remaining FFS is about the measurement source of single RSRP or single RSRPP. In RAN1#114 [2], we further discussed this FFS and three alternatives were provided, i.e., the reported single RSRP or RSRPP can be up to implementation, or based on the aggregated PRS/SRS resources, or based on one PFL/CC. For maximizing gains, the aggregated RSRP or RSRPP can comprehensively reflect the power characteristics of all aggregated resources, which is beneficial for positioning. Therefore, a single RSRS/RSRPP based on aggregated resources is preferable.
Proposal 4: For the measurement report of PRS bandwidth aggregation across PFLs, single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs.
Proposal 5: For the measurement report of SRS bandwidth aggregation across carriers, single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers.
Proposal 6: Endorse the following TP for clause 5.1.6.5 of TS 38.214.
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
When the UE is expected to perform joint measurements for bandwidth aggregation across DL PRS positioning frequency layers, the UE expects to be configured with linkage information, via higher layer parameter [linkage], between DL PRS resource sets across DL PRS positioning frequency layers. For the linked DL PRS resource sets, the UE is expected to be configured with the same values of QCL, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-NumSymbols, dl-PRS-ResourceTimeGap, dl-PRS-ResourceSymbolOffset, dl-prs-MutingBitRepetitionFactor, dl-PRS-CyclicPrefix, comb size, power per subcarrier, NR-MutingPattern, and NR-DL-PRS-SFN0-Offset, and the UE is expected to be configured with DL PRS resources that maintain uniformly spaced DL PRS RE pattern within a symbol across aggregated DL PRS positioning frequency layers. The UE may assume that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, and the UE assumes phase continuity on the DL PRS resources; otherwise, the UE does not assume that PRS resources from the linked DL PRS resource sets are linked for bandwidth aggregation.
The UE may be configured to measure and report, subject to UE capability, [up to XX]4 joint DL RSTD measurement(s) per pair of dl-PRS-ID, from aggregated DL PRS resources across two or three DL PRS positioning frequency layers. 
The UE may be configured to measure and report, subject to UE capability, [up to YY]4 joint UE Rx-Tx time difference measurement(s) from aggregated DL PRS resources across two or three DL PRS positioning frequency layers.
The UE may be configured to measure and report, subject to UE capability, up to 4 joint DL PRS-RSRP/RSRPP measurement(s) from aggregated DL PRS resources across two or three DL PRS positioning frequency layers.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

PRS BW aggregation
UE processing limitation
In RAN1#113 [1], we have the following agreement for which conditions should be satisfied for PRS bandwidth aggregation:
	Agreement
For PRS bandwidth aggregation between PRS in two or three different PFLs, the following are needed for the aggregated PRS resources for a TRP:
· The same periodicity and slot offset
· The same muting pattern
· The same NR-DL-PRS-SFN0-Offset value
· UE expects to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths in frequency domain (Note: It does not preclude dropping some REs in the guardband between two PFLs).
· FFS same antenna port from RAN1 perspective



[bookmark: _GoBack]We provided the results about the impact of GAP in frequency domain between two PRS from two contiguous CCs on the positioning accuracy in our proposal [3] in the last meeting. 
Some companies viewed that the gap between the 2 PFLs shall be small for ‘intra-band contiguous PFL aggregation’ anyway. Let's take the following figure as an example:
[image: ]
Figure 1 Frequency domain structure of PRS bandwidth aggregation on two CCs

In the Figure-1, all the 4 cases show two PRS in the two contiguous 2 CCs. Some companies may only consider case (a) meets the definition of PRS bandwidth aggregation. In other cases, even if two PRSs are located on two contiguous CCs, they do not think this is the PRS bandwidth aggregation case. 
However, we think all the cases in the Figure-1 can be called PRS bandwidth aggregation on intra-band contiguous carriers, which is in line with the description in the WID.
	· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling 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].



The key point is that only “intra-band contiguous carrier aggregation” is defined in the RAN4 protocol, and “intra-band contiguous PFL aggregation” is not defined. In addition, RAN4 only specified the definition of “channel spacing for intra-band contiguous carrier aggregation” but not the definition of “separation for intra-band contiguous PFLs”.
Hence, we think the GAP may be large for the aggregation of PRS across intra-band contiguous carriers, just like the case (b)/(c)/(d) in Figure-1. In such cases, according to our simulation evaluation results in the last meeting, a large GAP deteriorates the positioning accuracy.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Therefore, when the network configures the PRS for bandwidth aggregation positioning for the UE, some restrictions should be met to achieve the positioning accuracy gain from the large bandwidth. For example, the gap size between two PRS in the adjacent CCs should not be larger than X otherwise the performance requirement will not be met, where the X indicates the ratio of the gap size over the total bandwidth. 
We think different UEs may have different tolerances for X. Therefore, one option is to define the maximum value of X as UE capability.
[bookmark: OLE_LINK78]Proposal 7: For PRS bandwidth aggregation between PRS in two or three different PFLs, the supported maximum value of X for PRS bandwidth aggregation is a UE capability, where the X indicates the ratio of the gap size between aggregated PRS resources over the total aggregated bandwidth.

UE receiving process
In the RAN1#113 [1], we have the following agreement for PRS bandwidth aggregation measurement priority:
	Agreement
[bookmark: OLE_LINK99][bookmark: OLE_LINK100]When the UE receives a request to perform aggregated measurements, 
· TRP(s) that include PRS aggregation have higher priority than the TRPs that do not include PRS aggregation
· If 2 or more TRPs include linked resources, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority
· If a PRS resource set is linked for aggregation, then it has higher priority compared to the PRS resource set not linked for aggregation.
· If both sets in a PFL are linked for aggregation, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority.



For reference TRP, it should have the highest priority in the assistance data, then it should be straightforward that if the reference TRP is aggregated, it should also be the TRP with the highest priority in each aggregated positioning frequency layer.
Then it effectively means that the TRPs with the same positioning frequency layer combination as that of the reference TRP should be prioritized over other TRPs, given that RAN4 is likely to extend the per-PFL processing to a form of per-PFL-combination processing when PRS BW aggregation is used. 
For an example as shown in the following Figure-2, the R-TRP, TRP-2, and TRP-5 have the same PFL combination, but the TRP-1, TRP-3, and TRP-6 have the different PFL combinations. UE should first measure the R-TRP, TRP-2, TRP-5. For TRP-1, TRP-3, and TRP-6, its priority can be left up to implementation or RAN4 specification.
· [image: ]
· Figure 2 The PRS configuration in different TRPs

Proposal 8: When the UE receives a request to perform the measurements for aggregated DL PRS, 
TRP(s) that include the same PFL combination as the reference TRP have higher priority than other TRPs. 

Conclusion
This contribution provides our views on the solutions to support PRS/SRS bandwidth aggregation. Based on the discussion, we have the following observations and proposals.
Observation 1: Existing spec already deals with the same precoding of PDSCH/DMRS using PRG concept.
Proposal 1: Endorse the following TP for clause 5.1.6.5 of TS 38.214.
Reason of changes: Phase continuity is not sufficient for aggregated processing. 
Summary of changes: Add the same precoding as the condition of aggregated resources.
Consequence if not approved: Bandwidth aggregation for DL PRS may not be able to achieve the desired positioning accuracy.
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
When the UE is expected to perform joint measurements for bandwidth aggregation across DL PRS positioning frequency layers, the UE expects to be configured with linkage information, via higher layer parameter [linkage], between DL PRS resource sets across DL PRS positioning frequency layers. For the linked DL PRS resource sets, the UE is expected to be configured with the same values of QCL, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-NumSymbols, dl-PRS-ResourceTimeGap, dl-PRS-ResourceSymbolOffset, dl-prs-MutingBitRepetitionFactor, dl-PRS-CyclicPrefix, comb size, power per subcarrier, NR-MutingPattern, and NR-DL-PRS-SFN0-Offset, and the UE is expected to be configured with DL PRS resources that maintain uniformly spaced DL PRS RE pattern within a symbol across aggregated DL PRS positioning frequency layers. The UE may assume that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, and the UE assumes phase continuity on the DL PRS resources, and the UE assumes that the precoding of the DL PRS resources is the same; otherwise, the UE does not assume that PRS resources from the linked DL PRS resource sets are linked for bandwidth aggregation.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

Proposal 2: Endorse the following TP for clause 6.2.1.4 of TS 38.214.
Reason of changes: Phase continuity is not sufficient for aggregated processing. 
Summary of changes: Add the same precoding as the condition of aggregated resources.
Consequence if not approved: Bandwidth aggregation for SRS may not be able to achieve the desired positioning accuracy.
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
The UE is expected to be configured with linkage information [linkage] on SRS resource sets for positioning across two or three CCs which are linked for bandwidth aggregation. For the linked SRS resource sets, the UE is expected to be configured with the same values of startPosition, nrofSymbols, periodicityAndOffset, slotOffset, alpha, p0, subcarrier spacing, CP, and comb size, and the UE is expected to maintain phase continuity for the SRS transmission, and the UE is expected to maintain same precoding for the SRS resources. The UE may assume that SRS resources across the linked SRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, otherwise, the UE does not assume that SRS resources of the linked SRS resource sets are linked for bandwidth aggregation. For the linked SRS resource sets for bandwidth aggregation across CCs, if an SRS configured by the higher layer parameter SRS-PosResource, along with the [switching period] when applicable, collides with other signals or channels on a symbol and is the SRS in that symbol that is dropped, SRS transmission of the linked SRS resource sets across all CCs is dropped on that symbol.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------
Proposal 3: For PRS/SRS bandwidth aggregation, the new ReportingGranularityfactor should also support k=-3 in addition to {-1,-2} when the LMF requests the aggregated measurements. 
No RAN1 spec impact is envisioned. 
Decision affects signaling design. 
Proposal 4: For the measurement report of PRS bandwidth aggregation across PFLs, single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs.
Proposal 5: For the measurement report of SRS bandwidth aggregation across carriers, single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers.
Proposal 6: Endorse the following TP for clause 5.1.6.5 of TS 38.214.
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
When the UE is expected to perform joint measurements for bandwidth aggregation across DL PRS positioning frequency layers, the UE expects to be configured with linkage information, via higher layer parameter [linkage], between DL PRS resource sets across DL PRS positioning frequency layers. For the linked DL PRS resource sets, the UE is expected to be configured with the same values of QCL, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-NumSymbols, dl-PRS-ResourceTimeGap, dl-PRS-ResourceSymbolOffset, dl-prs-MutingBitRepetitionFactor, dl-PRS-CyclicPrefix, comb size, power per subcarrier, NR-MutingPattern, and NR-DL-PRS-SFN0-Offset, and the UE is expected to be configured with DL PRS resources that maintain uniformly spaced DL PRS RE pattern within a symbol across aggregated DL PRS positioning frequency layers. The UE may assume that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, and the UE assumes phase continuity on the DL PRS resources; otherwise, the UE does not assume that PRS resources from the linked DL PRS resource sets are linked for bandwidth aggregation.
The UE may be configured to measure and report, subject to UE capability, [up to XX]4 joint DL RSTD measurement(s) per pair of dl-PRS-ID, from aggregated DL PRS resources across two or three DL PRS positioning frequency layers. 
The UE may be configured to measure and report, subject to UE capability, [up to YY]4 joint UE Rx-Tx time difference measurement(s) from aggregated DL PRS resources across two or three DL PRS positioning frequency layers.
The UE may be configured to measure and report, subject to UE capability, up to 4 joint DL PRS-RSRP/RSRPP measurement(s) from aggregated DL PRS resources across two or three DL PRS positioning frequency layers.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------
Proposal 7: For PRS bandwidth aggregation between PRS in two or three different PFLs, the supported maximum value of X for PRS bandwidth aggregation is a UE capability, where the X indicates the ratio of the gap size between aggregated PRS resources over the total aggregated bandwidth.
Proposal 8: When the UE receives a request to perform the measurements for aggregated DL PRS, 
· TRP(s) that include the same PFL combination as the reference TRP have higher priority than other TRPs. 
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