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1. Introduction
WID[1] on Expanded and Improved NR Positioning was approved for Rel-18 where items to specify bandwidth aggregation techniques and RedCap positioning are as follows:
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· 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).


In this contribution, we provide our views on the configuration of bandwidth aggregation and RedCap positioning from RAN2 perspective.
2. Discussion
2.1.  Bandwidth aggregation
2.1.1.  DL-PRS aggregation for on-demand procedure 
During RAN1#112-bis-e[2] meeting, the following conclusion is achieved by RAN1:
	Conclusion
The details for on-demand PRS on PRS bandwidth aggregation are up to RAN2 and RAN3.


When PRS bandwidth aggregation is supported from network side, the following agreement in RAN1#112[3] has been made: 
	Agreement
· Support LMF-initiated and UE-initiated on-demand PRS request for PRS bandwidth aggregation
· FFS details
· Support preconfigured on-demand PRS across PFLs for PRS bandwidth aggregations
· FFS details


For UE initiated on-demand PRS, Rel-17 supports preconfigured on-demand PRS where maximum 8 PRS configurations can be configured by LMF to UE as shown in the following box abstracted from 37.355. Then UE can further request the preferred configuration ID(s). 
	NR-On-Demand-DL-PRS-Configurations-r17 ::= SEQUENCE {
	on-demand-dl-prs-configuration-list-r17		SEQUENCE (SIZE (1..maxOD-DL-PRS-Configs-r17)) OF
													On-Demand-DL-PRS-Configuration-r17,
	...
}
 
On-Demand-DL-PRS-Configuration-r17 ::= SEQUENCE {
	dl-prs-configuration-id-r17					DL-PRS-Configuration-ID-r17,
	nr-DL-PRS-PositioningFrequencyLayer-r17		NR-DL-PRS-PositioningFrequencyLayer-r16,
	nr-DL-PRS-Info-r17							NR-DL-PRS-Info-r16,
	...
}


Alternatively, as shown in the following box abstracted from 37.355, UE can directly request the preferred PRS parameters for each PFL including the preferred PRS bandwidth, repetition factor, comb size, etc. 
	NR-On-Demand-DL-PRS-Information-r17 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
														NR-On-Demand-DL-PRS-PerFreqLayer-r17
 
NR-On-Demand-DL-PRS-PerFreqLayer-r17 ::= SEQUENCE {
	dl-prs-FrequencyRangeReq-r17			ENUMERATED { fr1, fr2, ...},
	dl-prs-ResourceSetPeriodicityReq-r17	ENUMERATED { p4, p5, p8, p10, p16, p20, p32, p40,
													p64, p80, p160, p320, p640, p1280, p2560,
													p5120, p10240, p20480, p40960, p81920, ...}
																					OPTIONAL,
	dl-prs-ResourceBandwidthReq-r17			INTEGER (1..63)							OPTIONAL,
	dl-prs-ResourceRepetitionFactorReq-r17	ENUMERATED {n2, n4, n6, n8, n16, n32, ...}
																					OPTIONAL,
	dl-prs-NumSymbolsReq-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-CombSizeN-Req-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-QCL-InformationReqTRPlist-r17	DL-PRS-QCL-InformationReqTRPlist-r17	OPTIONAL,
	...
}
dl-prs-ResourceBandwidthReq
This field specifies the requested number of PRBs allocated for the DL-PRS Resource (allocated DL-PRS bandwidth) in multiples of 4 PRBs. Integer value 1 corresponds to 24 PRBs, value 2 corresponds to 28 PRBs, value 3 corresponds to 32 PRBs and so on.


Based on the agreement, in the case there is preconfigured on-demand PRS, LMF should inform UE whether/which PFLs are linked/aggregated. Since one On-Demand-DL-PRS-Configuration is associated with one PFL, that is, LMF should inform UE whether/which On-Demand-DL-PRS-Configuration IDs are linked/aggregated. 
As shown Step 1 in Figure 1, the grouping information should be informed to UE together with the Rel-17 on-demand PRS configurations. In the figure, it is assumed four on-demand PRS configurations are divided into two groups where configuration#1 and #2 are linked, and #3 and #4 are linked for aggregation. 
In step 2, after UE receives the on-demand PRS configurations and the grouping information, UE can request the preferred on-demand PRS configuration ID(s) if the UE does not request PRS aggregation measurement, or can request the preferred group ID(s) if the UE needs PRS aggregation measurement for higher positioning accuracy. 
Alternatively, in step 2, UE can directly request the preferred PRS bandwidth value regardless of on-demand PRS configuration where the case of the requested bandwidth larger than the maximum value of the single PFL, e.g. >272 PRBs implies that UE requests PRS bandwidth aggregation measurement for higher positioning accuracy. 
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Figure 1. On-demand PRS for PRS bandwidth aggregation
For LMF-initiated on-demand PRS, it only supports LMF directly requests preferred PRS parameters including bandwidth. Similar as Option 2 in Figure 1, Rel-18 can be enhanced to support that the requested bandwidth is larger than the maximum value of the single PFL, which implies that LMF requests PRS bandwidth aggregation. Since it depends on RAN3’s design, we suggest to send LS to RAN3 on LMF-initiated on-demand PRS request.
Proposal 1: For UE-initiated on-demand PRS request for PRS bandwidth aggregation, support
· On-demand PRS configuration can include the group information where the linked on-demand PRS configuration IDs are in the same group for aggregation
· UE can request on-demand PRS configuration ID(s) or group ID(s)
· UE can request PRS bandwidth larger than that of a single PFL implying PRS bandwidth aggregation request

Proposal 2: For LMF-initiated on-demand PRS request for PRS bandwidth aggregation, support
· LMF can request PRS bandwidth larger than that of a single PFL implying PRS bandwidth aggregation request
· Send an LS to RAN3 
2.1.2.  DL-PRS aggregation signaling design
In RAN1#112 meeting, the following agreement for DL-PRS aggregation is achieved:
	Agreement
Support joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods
· In a measurement report element, single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs
· FFS: RSRP, RSRPP
· FFS: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement
· FFS whether to use PRS assistance data or use location information request message to indicate UE to perform joint measurement across aggregated PFLs
· FFS RSTD reference configuration or report should be enhanced


In the RAN1#112-bis meeting, the following agreement for DL-PRS aggregation is achieved:
	Agreement
For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 DL PRS measurement of single PFL with the necessary update.
· FFS: In a measurement report element, single RSRP or single RSRPP is reported 
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
· Support new signaling in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· Single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement
· FFS RSTD reference is aggregated or not



In the latest RAN1#113[4] meeting, the following agreement for DL-PRS aggregation is achieved:
	Agreement
For PRS bandwidth aggregation across PFLs, support
· Option 2: Per TRP basis and per PRS resource set basis.
· For each TRP, support new signaling to indicate which PRS resource sets across PFLs are linked.
· It is assumed that the PRS resources across the linked PRS resource sets are linked if the conditions are satisfied. For the non-linked PRS resource sets, no aggregation is assumed even if the conditions are satisfied.


Provide assistance data
In DL assistance data, a TRP can be associated with at most 8 PRS resource sets, in which, up to 2 sets are within 1 PFL. Then, an aggregation indication is per TRP per PRS resource sets among two or three PFLs. Since that the agreement says a new signaling of linking resource sets is agreed, in order to facilitate the signaling design, we can enumerate the following cases with the following basic assumption:
Assumption: a TRP is associated with 4 PFLs and 8 PRS resource sets, in which PRS resource set 1 and 2 belong to PFL1, PRS resource set 3 and 4 belong to PFL2, PRS resource set 5 and 6 belong to PFL3, PRS resource set 7 and 8 belong to PFL4. 
· Case 1: one TRP is associated with a single combination of aggregated PFLs, e.g., PFL1 and PFL2 are linked;
· Case 1-1(most common case): only one pair of PRS resource sets is linked in the single combination of aggregated PFLs, e.g., PRS resource set 1 and PRS resource set 3 are linked;
[image: case1-1]
Figure 2. example of case 1-1
· Case 1-2(already implied as supportive according to RAN1 agreement): up to two pair of PRS resource sets are linked in the single combination of aggregated PFLs, e.g., PRS resource set 1 and PRS resource set 3 are linked, PRS resource set 2 and PRS resource set 4 are linked;
[image: case 1-2]
Figure 3. example of case 1-2
· Case 2: One TRP is associated with more than one combinations of aggregated PFLs, e.g., PFL1 and PFL2 are linked, in the meanwhile PFL3 and PFL4 are linked.
· Case 2-1: only one pair of PRS resource sets is linked in the single combination of aggregated PFLs, e.g., for PFL1&PFL2, PRS resource set 1 and PRS resource set 3 are linked; in the meanwhile for PFL3&PFL4, PRS resource set 5 and PRS resource set 7 are linked;
[image: 7]
Figure 4. example of case 2-1
· Case 2-2: up to two pair of PRS resource sets are linked in the single combination of aggregated PFLs, e.g., for PFL1&PFL2, PRS resource set 1 and PRS resource set 3 are linked, and PRS resource set 2 and PRS resource set 4 are linked; in the meanwhile for PFL3&PFL4, PRS resource set 5 and PRS resource set 7 are linked, and PRS resource set 6 and PRS resource set 8 are linked;
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Figure 5. example of case 2-2
Case 1-1 is the common understanding of all companies and should be supported directly. Case 1-2 is also implied as supportive by the following RAN1#113’s agreement:
	Agreement: 
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.


However, RAN1 does not define whether it is allowed to let one TRP have multiple PFL linkages. Therefore, it is not sure whether the case 2-1 and 2-2 are valid or not, it depends on which level of flexibility the feature wants to achieve. Also this impacts the ASN.1 signaling design. So we suggest RAN2 to discuss this issue and if no consensus can be achieved, we should ask RAN1 for clarification.
Observation 1: There can be one or more PFL aggregation linkages per TRP, within each PFL aggregation linkage, there can be one or more pairs of PRS resource sets to be linked. The latter is implied as supportive according to RAN1 agreements. 
Proposal 3: RAN2 to determine whether there can be multiple combinations of aggregated PFLs within a same TRP, e.g., PFL1 and PFL2 of a TRP are linked, in the meanwhile PFL3 and PFL4 of the TRP are linked. Send LS to RAN1 to confirm if there is no consensus in RAN2.
Request location information
	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
oSupport at least the values of k={-1,-2}
FFS other values e.g. -3, -4, -5, -6
oSend RAN4 an LS to confirm the feasibility


Based on the above agreement made in RAN1, in request location information message, for each TRP, the LMF should indicate UE whether and which two or three PFLs to perform joint measurement across aggregated PFLs. There are total 10 status for up to 4 PFL IDs and 2 or 3 PFL ID aggregations, so a 4 bit indication (or a 10-bit bitmap) is enough to indicate this. 
Since the two or three aggregated PFLs can have one pair or two pairs of configured aggregated PRS resource sets, so for simplicity, within the indicated aggregated PFLs, the configured aggregated PRS resource sets should all be measured. 
Proposal 4: In NR-DL-TDOA-RequestLocationInformation or NR-Multi-RTT-RequestLocationInformation, introduce signaling per each TRP to indicate 2 or 3 PFL IDs which are aggregated.
Proposal 5: Within the indicated aggregated PFLs, the configured aggregated PRS resource sets should all be measured.

Measurement report
In the measurement report, UE may not be able to measure the aggregated DL-PRS according to LMF’s indication. So UE should report the aggregation status of the reported measurement results. To be specific, we think UE can report the aggregated PFL ID that is measured by UE, or UE can report the additional aggregated PRS resource set ID(s), and to specify that the reported additional aggregated PRS resource ID(s) came from different PFL of a TRP.
Proposal 6: UE can report the aggregated PFL ID or the additional aggregated PRS resource set ID(s) in the measurement report.
RAN1 has 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



Currently for each measurement report in DL-TDOA, there is one reference TRP and several neighbor TRPs, each measurement element is associated with a neighbor TRP. RAN1 has agreed that PRS measurement for RSTD reference TRP can be aggregated, however, the agreement seem unclear that whether a measurement of a reference TRP with aggregated measurement can make the RSTD with a measurement of a neighbor TRP without a aggregated measurement, and vice versa. That is to say, it is not clear when a RSTD is declared as an aggregated measurement, whether measurement from reference TRP and measurement from neighbor TRP should both be aggregated measurements, or both not. We suggest to confirm with RAN1 since this has impact to the condition design of ASN.1.
Proposal 7: Send LS to RAN1 to ask whether a DL-PRS measurement of a reference TRP with aggregated measurement can make RSTD with a SL-PRS measurement of a neighbor TRP without a aggregated measurement, and vice versa.
2.1.3.  Different understanding of dl-PRS-ID
RAN1 has sent a LS R1-2308646[5] to RAN2, indicating the different understanding of dl-PRS-ID:
	With regards to higher layer parameter dl-PRS-ID, RAN1 understands that the current RAN2 specification support two interpretations:
· Interpretation 1: PRS resource sets in different PFLs of a TRP are configured with the same dl-PRS-ID
· Interpretation 2: PRS resource sets in different PFLs of a TRP can be configured with different dl-PRS-ID
For PRS bandwidth aggregation, RAN1’s agreement is that the linked PRS resource sets from two or three PFLs should be from the same TRP. RAN1 kindly requests RAN2 to capture the condition of the same TRP in RAN2 specifications for PRS bandwidth aggregation.


When NG-RAN nodes report the TRP information to the LMF in NRPPa message, NG-RAN node will carry its TRP ID which is an absolute/unique identifier of the TRP. When LMF provides the assistance data to the UE, the unique TRP ID is translated to dl-PRS-ID by LMF, which can be either same or different for different PFLs but represents for an actual TRP. So LMF can ensure and should ensure that in one aggregation indication message, even if the indicated aggregated dl-PRS-IDs are different, they still represent a same actual TRP. This can be add as a note in the field description of aggregation indication (also depends on the final ASN.1 design, i.e., dl-PRS-ID may even absent in the aggregation indication message). 
Proposal 8: Towards RAN1’s request, RAN2 to add a note in aggregation indication message in 37.355: 
Note: network should ensure that in one aggregation indication message, if the indicated aggregated dl-PRS-IDs are different, they still represent a same actual TRP.
2.1.4.  SRS aggregation in RRC_CONNECTED
RAN1#113 has agreed the following for SRS aggregation:
	Agreement
For SRS bandwidth aggregation across two or three carriers, support
· Option 2: Per SRS resource set basis. 
· Support new signaling to indicate which SRS resource sets across carriers are linked. 
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied. 


In RRC_CONNECTED state, SRS is currently configured per UL BWP per serving cell, and SRS resource set ID is global for a single UL BWP. If SRS resource set is going to be linked for 2 or 3 carriers, the linkage signaling in the SRS resource set should include SRS resource set ID to be aggregated, UL BWP ID and serving cell ID where the aggregated SRS resource set is configured in.
Proposal 9: For SRS aggregation in RRC_CONNECTED, the linkage signaling in the SRS resource set should include SRS resource set ID to be aggregated, UL BWP ID and serving cell ID where the aggregated SRS resource set is configured in.
2.1.5.  SRS aggregation in RRC_INACTIVE
In Rel-17, semi-persistent and periodic SRS for positioning are supported for UE in RRC inactive mode. The positioning SRS configured by RRCRelease signaling, and the details are shown in following according to 38.331, where SRS configuration for NUL or SUL can be within or outside the initial BWP. 
SRS-PosRRC-InactiveConfig-r17 ::=       SEQUENCE {
    srs-PosConfigNUL-r17                    SRS-PosConfig-r17                                                   OPTIONAL,    -- Need R
    srs-PosConfigSUL-r17                    SRS-PosConfig-r17                                                   OPTIONAL,    -- Need R
    bwp-NUL-r17                             BWP                                                                 OPTIONAL,    -- Need S
    bwp-SUL-r17                             BWP                                                                 OPTIONAL,    -- Need S
    inactivePosSRS-TimeAlignmentTimer-r17   TimeAlignmentTimer                                                  OPTIONAL,    -- Need M
    inactivePosSRS-RSRP-changeThreshold-r17 RSRP-ChangeThreshold-r17                                            OPTIONAL     -- Need M
}
RAN1#113 has the following agreement for SRS bandwidth aggregation in UE in RRC_INACTIVE state:
	Agreement
To support intra-band contiguous SRS bandwidth aggregation for UE in RRC_INACTIVE state, frequency information (e.g. point A, offset to carrier) of one or two additional carriers with respective SRS configurations should be provided to the UE, where the newly introduced carrier(s) and the carrier of the initial BWP should be intra-band contiguous carriers.


To support SRS carrier aggregation in RRC_INACTIVE state, up to 2 additional SRS configuration can be introduced and informed by RRCRelease with suspend config signaling, each additional SRS configuration is associated with a carrier other than the carrier of the initial BWP. Because intra-band contiguous carrier aggregation is only supported among NUL carriers, the newly introduced SRS configuration only for NUL is sufficient. Or, since the linkage is already configured in SRS-PosResourceSet-r16, a carrier frequency indication can be introduced in the Rel-17 pos SRS config, the carrier frequency indication only needs to indicate the one or two additional carrier frequency information. Either way is ok.
Proposal 10: For SRS aggregation in RRC_INACTIVE, support to introduce up to 2 SRS configuration in RRCRelease with suspend config signaling, each SRS configuration contains the SRS resource sets of a carrier other than the carrier of the initial BWP.
2.1.6.  MAC CE for SP-SRS aggregation
In RAN2#123[6], the following agreement is achieved:
	For activation/deactivation of aggregated SRS across two or three carriers, a single MAC CE is used.  FFS if it can be a legacy MAC CE or a new one is needed.


RRC has provided the linkage relationship in advance. This MAC CE is to indicate the aggregation status. 
[bookmark: _GoBack]Here the MAC CE is required to indicate several states for three aggregated carriers: 2 of the three carriers, 3 of the three carriers. Since the basic assumption is that the aggregation should be intra-band continuous carriers, as the following figure, 2 of the three aggregated carriers should only have 2 choices. So for 3 carrier aggregation, the total states that the MAC CE should indicate is 3.
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Figure 6. 2 of the three carriers and 3 of the three carriers
However the legacy SP Positioning SRS Activation/Deactivation MAC CE only has a single “R” field which is 1 bit, so the legacy SP Positioning SRS Activation/Deactivation MAC CE can not be used for aggregation purpose. Based on this, a new MAC CE should be introduced to indicate the carrier aggregation. The UE behaviour should be:
· If UE receives the legacy MAC CE containing the SRS resource set that has linkage via RRC signaling, UE will assume the SRS resource set should be transmitted as non-aggregated way (single carrier);
· If UE receives the new MAC CE containing the SRS resource set that has linkage via RRC signaling, UE will send the aggregated SRS resource sets as indicated by RRC and the MAC CE.
For the new MAC CE format, we think the legacy SP Positioning SRS Activation/Deactivation MAC CE can be reused except the SUL field. So there will be 2 R bits available to indicate the up to 3 aggregation status. 
Proposal 11: Introduce a new MAC CE to indicate activation or deactivation of a SP SRS bandwidth aggregation. 

2.2.  RedCap positioning 
2.2.1. DL-PRS hopping 
RAN1#112 has confirmed to support frequency hopping of positioning PRS as follows:
	Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 


RAN1 confirms that hopping is performed at receiver side. For PRS, the gNB sends PRS with a normal bandwidth, meanwhile at UE side, the frequency domain resource of receiving one PRS is divided into several parts, each part corresponds to a frequency hop, and several hops are received in different time periods, respectively. There are 2 cases of PRS repetition:
· If a PRS is inter-slot repeated with a repetition factor, UE should receive different frequency parts per slot per repetition instance; 
· If a PRS is intra-slot configured and PRS symbol is larger than PRS comb size, the PRS is actually per comb-size-symbol(s) repeated within a slot, UE should receive different frequency parts per per comb-size-symbol(s) of a PRS resource within a slot.
For the above 2 cases, RedCap UE can use on-demand PRS request to request hopping. Currently on-demand PRS request contains PRS bandwidth, PRS repetition factor, PRS symbol and PRS comb size. We think these IEs (and the value ranges of these IEs) are enough for RedCap UE to indicate NW of PRS reception hopping, for example, since NW knows the RedCap UE identity and the maximum bandwidth it supports (according to the reported UE capability), if UE requests a PRS bandwidth larger than its UE capability, it implies UE requests a Rx PRS hopping, the requested PRS repetition factor implies the number of inter-slot Rx hopping, and the requested PRS comb size and PRS symbols imply the number of intra-slot Rx hopping. If UE requests a PRS bandwidth equal or smaller than its UE capability, it implies UE does not request a Rx PRS hopping.
Proposal 12: RedCap UE can use on-demand PRS procedure to request Rx PRS hopping, i,e., if UE requests a PRS bandwidth larger than its UE capability, it implies UE requests a Rx PRS hopping. RAN2 to capture this in the field description of on-demand PRS.
In our view, the location information request for DL PRX Rx hopping should at least include the following parameters to facilitate UE’s PRS measurement.
· Number of hops.  
· Bandwidth for each hop or total bandwidth of all hops. 
· Since LMF is aware of the positioning service requirement which is very related to the totally equivalent PRS bandwidth, these two parameters can assist UE do more proper PRS hopping measurement. For example, if the positioning accuracy requirement is not high, LMF can just inform UE a small total bandwidth, e.g. only two hops and each hop is with 20MHz even though 100MHz PRS is configured by SIB. Then, UE only do Rx hopping measurement within a 40MHz truncation. 
· Number of overlapped RB between adjacent hops. 
· This parameter is used for phase adjustment between adjacent hops. It will affect positioning accuracy. For example, in a worse channel condition case with low SINR, more overlapped PRBs can be configured by LMF to let UE estimate phase rotation more accurately.
· The number of PRS occasions for all hops of a hopping cycle (i.e. to complete all hops)
As shown in the following Figure 7 (a) and (b), the Rx frequency hopping can be performed in one PRS occasion and in multiple PRS occasions respectively. The two UE behaviors will introduce different positioning latency. In Figure 7 (a), to do two hops PRS detection, the time duration across two PRS occasions or even two PRS resource set instances is needed. However, in Figure 7 (b), the time duration of one PRS occasion is sufficient. Basically, the measurement period requirement of Figure 7 (b) is longer than that in the Figure 7 (a).  
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(a) Inter slot hopping
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(b) Intra-slot hopping
Figure 7. Two hops for PRS Rx hopping with 12 symbol PRS resource, 2-symbol returning gap between adjacent hops is assumed

For PRS Rx hopping, it is better to indicate UE the number of PRS occasions in which UE should complete all hops of one hop cycle in order to control the positioning latency.
Proposal 13: For PRS reception with hopping, the following parameters in location information request should be introduced 
· Number of hops
· Bandwidth of each hop or total bandwidth of all hops
· The number of PRS occasions for a hopping cycle
· This may trigger UE to do intra-slot Rx frequency hopping
The DL-PRS configuration in the assistance data can be via broadcast or dedicate LPP signaling. When PRS configuration is broadcasted with DL-PRS frequency hopping for all UEs, but the RedCap UE’s location accuracy requirement is not high, the RedCap UE does not have to perform hopping and combine the measurement of multiple hops. In this case, the RedCap UE should report which hop(s) the UE is used for the measurement. When PRS configuration with DL-PRS frequency hopping is given to the RedCap UE via LPP dedicate signaling, the RedCap UE may not be able to perform hopping and combine the measurement of multiple hops all the time due to collision. Therefore, a fallback behaviour is needed to let UE report the corresponding hop indication for each measurement result.
Since there is no hop ID, we suggest UE to report hops using the corresponding frequency range.
RAN1 has agreed the following in RAN1#113:
	Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
One measurement where a measurement is associated with one received hop
FFS: indication of how many received hops / which received hops where used in the measurement report.
Note: no new measurement definition is introduced in RAN1
FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


Expect reporting measurement result with all hops and reporting measurement result with only one hop, there is still FFS on whether to let UE report which received hops were used in the measurement report. RAN2 should wait for RAN1’s conclusion on the FFS before designing the report signaling. 
Proposal 14: RedCap UE should report the corresponding hop information for measurement result, wherein the hop information at least includes the frequency range.
2.2.2. UL-SRS hopping 
RAN1#113 has agreed the following: 
	Agreement
SRS Tx Frequency hopping is supported for both RRC_CONNECTED and RRC_INACTIVE state.


For positioning SRS hopping in RRC_CONNECTED, RAN1’s consensus is not to use BWP switching to perform hopping because of latency consideration. From signaling configuration view, the SRS for RedCap UE Tx hopping can be configured as a new SRS configuration within the legacy SRS-Config IE. The new SRS configuration should have the new bandwidth which is larger than the current BWP, and the new SRS configuration should indicate UE’s hopping behaviour, as indicated by RAN1:
	Agreement
For SRS Tx hopping, the configuration includes:
· a hop bandwidth common to all hops
· FFS: possible values
· a single overlap value can be configured for all hops for the SRS resource
· FFS: possible values 
· The starting slot offset and starting symbol for the SRS resource with tx hopping (first hop)
· FFS: possible values  
· the starting slot offset and symbol for each of the hops following the first hop, 
· Note Up to ran2 to design signaling of the starting position for each hop, i.e. how the SRS resource configuration signaling indicates the starting slot offset and starting symbol for the hops following the first hop
· FFS: possible values 
· The number of consecutive symbols in a hop common to all hops
· FFS: possible values 
· The number of hops 
· FFS: possible values 
· UE does not expect to be configured for any hops across slot boundaries, i.e.the starting position + duration of a hop cannot exceed a slot duration
· FFS: whether/how special handling for the last hop overlap


For positioning SRS hopping in RRC_INACTIVE, a new SRS configuration can be introduced in RRC Release with separate BWP configuration.
Proposal 15: For RRC_CONNECTED state, support to configure a new SRS configuration within the legacy SRS-Config IE to indicate SRS hopping for RedCap UE; 
For RRC_INACTIVE state, support to configure a new SRS configuration in RRC_Release to indicate SRS hopping for RedCap UE.
3. Conclusion
In this section we provide the following proposals:
For bandwidth aggregation:
Proposal 1: For UE-initiated on-demand PRS request for PRS bandwidth aggregation, support
· On-demand PRS configuration can include the group information where the linked on-demand PRS configuration IDs are in the same group for aggregation
· UE can request on-demand PRS configuration ID(s) or group ID(s)
· UE can request PRS bandwidth larger than that of a single PFL implying PRS bandwidth aggregation request

Proposal 2: For LMF-initiated on-demand PRS request for PRS bandwidth aggregation, support
· LMF can request PRS bandwidth larger than that of a single PFL implying PRS bandwidth aggregation request
· Send an LS to RAN3 
Observation 1: There can be one or more PFL aggregation linkages per TRP, within each PFL aggregation linkage, there can be one or more pairs of PRS resource sets to be linked. The latter is implied as supportive according to RAN1 agreements. 
Proposal 3: RAN2 to determine whether there can be multiple combinations of aggregated PFLs within a same TRP, e.g., PFL1 and PFL2 of a TRP are linked, in the meanwhile PFL3 and PFL4 of the TRP are linked. Send LS to RAN1 to confirm if there is no consensus in RAN2.
Proposal 4: In NR-DL-TDOA-RequestLocationInformation or NR-Multi-RTT-RequestLocationInformation, introduce signaling per each TRP to indicate 2 or 3 PFL IDs which are aggregated.
Proposal 5: Within the indicated aggregated PFLs, the configured aggregated PRS resource sets should all be measured.
Proposal 6: UE can report the aggregated PFL ID or the additional aggregated PRS resource set ID(s) in the measurement report.
Proposal 7: Send LS to RAN1 to ask whether a DL-PRS measurement of a reference TRP with aggregated measurement can make RSTD with a SL-PRS measurement of a neighbor TRP without a aggregated measurement, and vise versa.
Proposal 8: Towards RAN1’s request, RAN2 to add a note in aggregation indication message in 37.355: 
Note: network should ensure that in one aggregation indication message, if the indicated aggregated dl-PRS-IDs are different, they still represent a same actual TRP.
Proposal 9: For SRS aggregation in RRC_CONNECTED, the linkage signaling in the SRS resource set should include SRS resource set ID to be aggregated, UL BWP ID and serving cell ID where the aggregated SRS resource set is configured in.
Proposal 10: For SRS aggregation in RRC_INACTIVE, support to introduce up to 2 SRS configuration in RRCRelease with suspend config signaling, the SRS configuration contains the SRS resource sets of a carrier other than the carrier of the initial BWP.
Proposal 11: Introduce a new MAC CE to indicate activation or deactivation of a SP SRS bandwidth aggregation. 

For RedCap:
[bookmark: _Toc18404543][bookmark: _Toc18403976][bookmark: _Toc18413612]Proposal 12: RedCap UE can use on-demand PRS procedure to request Rx PRS hopping, i,e., if UE requests a PRS bandwidth larger than its UE capability, it implies UE requests a Rx PRS hopping. RAN2 to capture this in the field description of on-demand PRS.
Proposal  13: For PRS reception with hopping, the following parameters in location information request should be introduced 
· Number of hops
· Bandwidth of each hop or total bandwidth of all hops
· The number of PRS occasions for a hopping cycle
· This may trigger UE to do intra-slot Rx frequency hopping
Proposal 14: RedCap UE should report the corresponding hop information for measurement result, wherein the hop information at least includes the frequency range.
Proposal 15: For RRC_CONNECTED state, support to configure a new SRS configuration within the legacy SRS-Config IE to indicate SRS hopping for RedCap UE; 
For RRC_INACTIVE state, support to configure a new SRS configuration in RRC_Release to indicate SRS hopping for RedCap UE.

4. References
[1] RP-232670, Revised WID on Expanded and Improved NR Positioning, 2023-09.
[2] Report of 3GPP TSG RAN WG1 meeting #112-bis-e, 2023-04.
[3] Report of 3GPP TSG RAN WG1 meeting #112, 2023-03.
[4] Report of 3GPP TSG RAN WG1 meeting #113, 2023-05.
[5] R1-2308646, LS on TRP ID for positioning with bandwidth aggregation, RAN1, 2023-08.
[6] Report of 3GPP TSG RAN WG2 meeting #123, 2023-08.





image3.png
one TRP

PFL1 PFL2 PFL3 PFL4
setl set 2 set3 set4 set5 set 6 set7 set 8





image4.png
one TRP

PFL1 PFL2 PFL3 PFL4
setl set 2 set3 set4 set5 set 6 set7 set 8





image5.png
one TRP

PFL1 PFL2 PFL3 PFL4
setl set 2 set3 set4 set5 set 6 set7 set 8





image6.png
carrier 1 carrier 1 carrier 1 carrier 1

carrier 2 carrier 2 carrier 2 carrier 2

carrier 3 carrier 3 carrier 3 carrier 3
continuous continuous non-continuous continuous
carriers carriers carriers carriers





image7.png
Jrss exa

s recoption

Bep 0
Bop 1




image8.png
Bep 0

Bop 1

lot 0




image1.png
LMF

On-Demand-DL-PRS-Configuration

On-Demand-DL-PRS-Configuration

#1 #2
Step 1
On-Demand-DL-PRS-Configuration On-Demand-DL-PRS-Configuration
#3 #4
UE
Optionl: On-Demand-DL-PRS-Configuration ID or group ID
Step 2 UE

Option2: Requested PRS bandwidth which can be larger than
maximum value of Rel-17 single PFL

Group 1

Group 2

LMF




image2.png
one TRP

PFL1 PFL2 PFL3 PFL4
setl set 2 set3 set4 set5 set 6 set7 set 8





