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Introduction
In this contribution, we discuss some of the remaining issues on MIMO, mobility enhancement and positioning enchanement.
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MIMO

The FG 40-7-1g-1 was agreed in RAN1#116 [1], where the candidate values for component 1 is 3 bit bitmap, b0 indicates whether SRS resource can be configured with 1 port, b1 indicates whether SRS resource can be configured with 2 port, b2 indicates whether SRS resource can be configured with 4 port. However, the prerequite of FG 40-7-1g-1 is FG 40-7-1g and the prerequite of FG 40-7-1g is FG 40-7-1, which is for “Codebook-based 8Tx PUSCH” with component 3 as “SRS 8 Tx ports—codebook”. The current FG 40-7-1g-1 does not support UE to report 8 port SRS capability, which is incorrect.

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	40. NR_MIMO_evo_DL_UL
	40-7-1g-1
	SRS resources for UL full power transmission mode 2
	1. SRS configurations with different number of antenna ports per SRS resource for mode 2
	40-7-1g
	yes
	n/a
	SRS resources for UL full power transmission mode 2 cannot be signaled 
	Per FSPC
	n/a
	n/a
	n/a
	Component 1 candidate values: 3 bit bitmap {b0, b1, b2}
b0 indicates whether SRS resource can be configured with 1 port
b1 indicates whether SRS resource can be configured with 2 port
b2 indicates whether SRS resource can be configured with 4 port
	Optional with capability signalling


In [2], we proposed following description for component 1 which is similar to Rel-16 UE feature for full power mode 2. It is proposed to revise the description of component 1 as below.
Proposal 1: Support to revise the description of component 1 of FG 40-7-1g-1 as below.
	40. NR_MIMO_evo_DL_UL
	40-7-1g-1
	SRS resources for UL full power transmission mode 2
	1. SRS configurations with different number of antenna ports per SRS respource for mode 2
	40-7-1g
	yes
	n/a
	SRS resources for UL full power transmission mode 2 cannot be signaled 
	Per FSPC
	n/a
	n/a
	n/a
	Component (1) candidate values: {1_8, 1_2_8, 1_4_8, 1_2_4_8}

1st state (1_8): each SRS resource can be configured with 1 port or 8 ports

2nd state (1_2_8): each SRS resource can be configured with 1 port or 2 ports or 8 ports

3rd state (1_4_8): each SRS resource can be configured with 1 port or 4 ports or 8 ports

4th state (1_2_4_8): each SRS resource can be configured with 1 port or 2 ports or 4 ports or 8 ports


Note: The first, second, third or fourth state can be used if 40-7-1g is reported as 2 or 4.
	Optional with capability signalling




Mobility Enhancement
According to the updated UE feature list, the prerequisite of FG 45-5 has not been determined. In our view, the LTM-related configuration, e.g., the PRACH configuration of candidate cell(s), is the prerequisite of early RACH for LTM. Besides, we think FG 45-7 is also the prerequisite of early RACH for LTM. If TA is not allowed to be included in the cell switch command, early RACH has no benefit.  Therefore, we think RAN2 FG for LTM and FG 45-7 are the prerequisite for FG 45-5.   
Proposal 2: Support RAN2 FG for LTM and FG 45-7 as the prerequisite for FG 45-5 as follows:
	45. NR_Mob_enh2
	45-5
	RACH-based early TA acquisition
	1. Maximum number of candidate cells for TA acquisition based on PDCCH ordered CFRA procedure before receiving cell switch command MAC-CE
2. Power ramping for PRACH retransmission based on PDCCH order indication
3. Support of dropping the serving cell UL to handle the overlap between UL transmission on serving cell(s) and PRACH on candidate cell(s)
	FFS  
RAN2 FG for LTM, FG 45-7
	Yes
	No
	RACH-based early TA acquisition is not supported
	Per band
	No
	No
	n/a
	Component 1 candidate values {1,2,3,4,5,6,7,8}
	Optional with capability signalling


In addition, the granularity of FG 45-5a is not stable and is still in the square bracket. According to RAN4’s UE feature list [3], corresponding feature groups related to PDCCH-order RACH, e.g., FG39-4 and FG 39-5 are defined by per band pair (between the target band for RACH transmission and band under UE’s current band combo) per BC. To align with RAN4 and to make the UE feature clearer, it would be better to define the FG 45-5a with the granularity of per band pair per BC.
Proposal 3: Support the granularity of FG 45-5a as per band pair per band combination as follows:
	45. NR_Mob_enh2
	45-5a
	RACH-based early TA acquisition with simultaneous transmission
	Support of simultaneous transmission to handle the overlap between UL transmission on serving cell(s) and PRACH on candidate cell(s)
	45-5
	Yes
	No
	Support of RACH-based early TA acquisition with simultaneous transmission is not supported
	[Per band]
Per band pair (between the target band for RACH transmission and band under UE’s current band combo) per band combination
	No
	No
	n/a
	
	Optional with capability signalling



Discussion on NR positioning enhancements UE features 
In this section, we focus on some features that need more discussion for NR positioning. 
4.1 UE features for sidelink positioning
41-1-1 & 41-1-1a Common SL PRS Processing Capability
Considering the new UE feature that per UE common capability is introduced, 41-1-1a needs to be taken as the Prerequisite feature of 41-1-2, 41-1-3, 41-1-7a/b/c/d/e/f/g.
Proposal 4: 
· Add FG 41-1-1a as the Prerequisite feature of 41-1-2, 41-1-3, 41-1-7a/b/c/d/e/f/g.
41-1-4c Transmitting SL PRS
Considering the support of random selection in scheme 2, we think the UE can transmit SL PRS even if receiving SL PRS is not supported. So, in this case, the Prerequisite feature 41-1-3 can be removed from the Prerequisite feature for 41-1-4c. 
	Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.


In addition, based on the 15-3 and 15-5 UE features, we can find that the 15-3 is the Prerequisite feature of 15-5, not the other way around. In this case, the 15-[X] can also be removed.

	15-3
	Transmitting NR sidelink mode 2 
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 configured by NR Uu or preconfiguration. Up to B sidelink processes are supported.
2) UE can transmit PSSCH according to the normal 64QAM MCS table.
3) UE supports PT-RS transmission in FR2.
4) UE can perform mode 2 sensing and resource allocation operations
6) UE can transmit using the subcarrier spacing and CP length it reports for FG 15-1
8) Supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {12, 9} for slots w/wo PSFCH. If UE signals support of ECP, support 12-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {10,7} for slots w/wo PSFCH.
10) UE can transmit using 30 kHz and normal CP subcarrier spacing in FR1, 120 kHz subcarrier spacing with normal CP FR2
11) DL pathloss based open loop power control when mode 2 is configured by NR Uu
	15-1
	Yes
	No
	
	Per band

	N.A.
	N.A.
	N.A.
	Note: Random selection in the exceptional pool is supported.

Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

This is the basic FG for NR sidelink

Candidate values for B are {8,16}

Note: Component 6 is not required to be signalled in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 10 is only required in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 11 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1 
	Optional with capability signalling
For UE supports NR sidelink, UE must indicate this FG is supported.


	15-5
	Sidelink congestion control
	1) UE can report CBR measurement to gNB when operating in Mode 1 and mode 2 
2) UE can adjust its radio parameters based on CBR measurement and CRlimit.
3) UE can process CBR and CR within the time it indicates
	15-1 and at least one of 15-2 and 15-3
	Yes
	No
	
	Per band
	N.A.
	N.A.
	N.A.
	This is the basic FG for NR sidelink 
Note: component 1 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1


Component-3 candidate value set
{Congestion process time 1, Congestion process time 2} where
Congestion process time 1: 2, 2, 4, 8 slots for 15, 30, 60, 120 kHz subcarrier spacing.
Congestion process time 2: 2, 4, 8, 16 slots for 15, 30, 60, 120 kHz subcarrier spacing
	Optional with capability signalling
For UE supports NR sidelink, UE must indicate this FG is supported.


Proposal 5: 
· Update FG 41-1-4c as follows
· Remove 15-[X] and 41-1-3 from the Prerequisite feature in 41-1-4c
	41. NR_pos_enh2
	41-1-4c
	Transmitting SL-PRS mode 2 in a dedicated resource pool
	1. UE can transmit SL-PRS and PSCCH within a slot without PSSCH in dedicated resource pool
2. UE can transmit SL-PRS according to the mapping rule between PSCCH and SL-PRS
3. Support transmitting SCI format 1B
	[15-[x], 41-1-3], at least one of {41-1-8, 41-1-10}
	Yes
	No
	Transmitting SL-PRS mode 2 in a dedicated resource pool is not supported
	Per band
	n/a
	n/a
	n/a
	Need for location server/ UE to know if the feature is supported
	Optional with capability signaling





41-1-10 Full sensing
For full sensing-based SL PRS transmission, the SL-PRS congestion control needs to be supported, so, we propose 
Proposal 6: 
· Add 41-1-5 as the Prerequisite feature in FG 41-1-10
	41. NR_pos_enh2
	41-1-10
	Support of full sensing in a dedicated resource pool
	1. UE can transmit SL-PRS and associated PSCCH using full sensing
2. Support DL pathloss based open loop power control when configured by NR Uu
	FFS 41-1-5
	Yes
	No
	UE cannot transmit SL-PRS using full sensing in a dedicated resource pool
	WA: Per band]
	n/a
	n/a
	n/a
	Note: Configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 2 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

	Optional with capability signaling



4.2 UE features for carrier phase positioning
41-2-8/9/10 “legacy” issue in UE feature
For the description of legacy measurement, the legacy measurement may include RSTD measurement, RSRP measurement, and RSRPP measurement for DL TDOA. So, we prefer to update the ‘legacy measurement’ as ‘PRS measurement’, and add a note to further explain what is ‘PRS measurement’.
Therefore, we propose
Proposal 7: 
· Update FG 41-2-8/9/10 as follows 
· Replace ‘legacy measurement’ with ‘PRS measurement’, and add a note to further explain what is ‘PRS measurement’
	41. NR_pos_enh2
	41-2-8
	Support to perform PRS legacy measurements inside the indicated time window only for DL TDoA
	Support to perform PRS legacy measurements inside the indicated time window only for DL TDoA
	13-3a
	No
	N/A
	The UE may use the indicated DL PRS resource set(s) occurring outside the indicated time window for legacy PRS measurements for DL TDoA in addition to the indicated DL PRS resource set(s) occurring inside the indicated time window
	Per band
	No
	No
	No
	Need for location server to know if the feature is supported

Note: the PRS measurement includes RSTD measurement at least, and optionally includes RSRP and/or RSRPP measurement,
	Optional with capability signaling

	41. NR_pos_enh2
	41-2-9
	Support to perform legacy PRS measurements inside the indicated time window only for multi-RTT
	Support to perform PRS legacy measurements inside the indicated time window only for multi-RTT
	13-4a
	No
	N/A
	The UE may use the indicated DL PRS resource set(s) occurring outside the indicated time window for PRS legacy measurements for multi-RTT in addition to the indicated DL PRS resource set(s) occurring inside the indicated time window
	Per band
	No
	No
	No
	Need for location server to know if the feature is supported
Note: the PRS measurement includes Rx-Tx measurement at least, and optionally includes RSRP and/or RSRPP measurement,
	Optional with capability signaling

	41. NR_pos_enh2
	41-2-10
	Support to perform legacy PRS measurements inside the indicated time window only for DL AoD
	Support to perform PRS legacy measurements inside the indicated time window only for DL AoD
	13-2a
	No
	N/A
	The UE may use the indicated DL PRS resource set(s) occurring outside the indicated time window for PRS legacy measurements for DL AoD in addition to the indicated DL PRS resource set(s) occurring inside the indicated time window
	Per band
	No
	No
	No
	Need for location server to know if the feature is supported

Note: the PRS measurement includes RSRP measurement at least, and optionally includes RSRPP measurement,
	Optional with capability signaling



41-2-11 Reporting granularity for PRS measurement
	Agreement
From RAN1’s perspective, the granularity with ReportingGranularityfactor k={-1, -2} for the reporting of DL/UL timing measurements is applicable to all positioning methods.
Agreement
[bookmark: OLE_LINK2]The new ReportingGranularityfactor also supports k = {-3, -4, -5, -6} in addition to {-1, -2} 
· These k values are applicable for timing measurements for all applicable positioning methods
· Support for both DL and UL
· Support for both FR1 and FR2
· Reply the RAN4 LS R1-2310797, and CC to RAN2 and RAN3.




Based on the above agreement, we can find the feature is needed when ReportingGranularityfactor k={-1, -2,-3, -4, -5, -6}. But based on the following UE feature, ReportingGranularityfactors can be reported when all the supported values larger than or equal to 0{i.e., ReportingGranularityfactors -1>=-1 if X=-1}. 
So, we propose
Proposal 8: 
· Update FG 41-2-11 as follows 
· Remove “-1” in the description and change the description to “Supported ReportingGranularityfactors>= X”
	41. NR_pos_enh2
	41-2-11
	Finer timing reporting granularity for PRS measurement
	Supported ReportingGranularityfactors -1 >= X
	
	No
	N.A.
	Reporting Granularity cannot be signalled
	Per band
	N.A.
	N.A.
	N.A.
	Component 1 candidate values for X: {-6, -5, -4, -3, -2, -1}

Need for location server to know if the feature is supported
	Optional with capability signaling



4.3 UE features for LPHAP
41-3-3 PRS measurement in RRC_IDLE
	27. NR_pos_enh
	27-18a
	Support of PRS measurement in RRC_INACTIVE state for DL-TDOA
	Support of PRS measurement in RRC_INACTIVE state for DL-TDOA - location server
	13-3, 27-6
	No
	
	PRS measurement in RRC_INACTIVE state for DL-TDOA is not supported
	per band
	n/a

	27. NR_pos_enh
	27-18b
	Support of PRS measurement in RRC_INACTIVE state for DL-AoD
	Support of PRS measurement in RRC_INACTIVE state for DL-AoD - location server
	13-2, 27-6
	No
	
	PRS measurement in RRC_INACTIVE state for DL-AoD is not supported
	per band
	n/a


Based on the prerequisite feature 27-18a, 27-18b, the ‘Rel.17 methods’ stated in 41-3-3 should be replaced with ‘DL-TDOA and/or DL-AoD’. 
So, we propose
Proposal 9: 
· Update FG 41-3-3 as follows 
· Replace the “Rel. 17 methods” with “DL-TDOA and/or DL-AoD”
	41. NR_pos_enh2
	41-3-3
	Support of PRS measurement in RRC_IDLE
	Support of DL PRS measurement in RRC_IDLE for DL-TDOA and/or DL-AoDRel. 17 methods the UE supports in RRC_INACTIVE
	13-1, at least one of {27-18a, 27-18b, 27-6}
	No
	n/a
	PRS measurements in RRC_IDLE not supported
	Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported
	Optional with capability signaling.



4.4 UE feature for bandwidth aggregation
41-4-7 SRS bandwidth aggregation
Based on the LS from RAN4(R4-2403654), the following are suggested
	Based on above RAN4 agreement, For the second component parameter, the following modifications for the values in component 2 in feature 41-4-6 are suggested,
For 2 in Component 1:
FR1 bands: {20, 40, 50, 80, 100, 160, 180, 190,200}
FR2 bands: {50, 100,200, 400, 600, 800}
For 3 in Component 1:
FR1 bands: {80, 100, 160,200, 240, 300}
FR2 bands: {50, 100, 200,300,400, 600,800, 1000, 1200}

For RAN1 feature 41-4-7, RAN4 agreed that the capability on UE power class to transmit the SRS aggregated CCs needs to be reported to the network. The reported power class can be PC2 or PC3 and applicable to FR1 only. For the case when UE can support aggregation of 2 and 3 SRS CCs, and if the power class for 2 aggregated CCs is different with power class for 3 aggregated CCs, both power class should be indicated to the network. 


In addition, considering the UE feature about power class, we propose:
	TS 38.331    
ue-PowerClassPerBandPerBC-r17          ENUMERATED {pc1dot5, pc2, pc3}                     OPTIONAL,
    -- R4 17-8 UL transmission in FR2 bands within an UL gap when the UL gap is activated



So, we propose
Proposal 10: 
· Update FG 41-4-7 as follows 
· Add a new component of power class for SRS aggregation
· Add candidate values of bandwidth for SRS aggregation
	41. NR_pos_enh2
	41-4-7
	Positioning SRS bandwidth aggregation independent from UL communication CA in RRC_CONNECTED
	1. The number of supported aggregated carriers in intra band contiguous carriers
2. Maximum aggregated UL SRS bandwidth in MHz, which is supported and reported by UE
5. Max number of aggregated SRS resource sets for positioning supported by UE for SRS bandwidth aggregation
6. Maximum number of aggregated SRS resources for bandwidth aggregation
7. Maximum number of aggregated SRS resources for bandwidth aggregation per slot
8. Support the same SRS power reduction across aggregated carriers
9. Guard period
10. The power class of supported aggregated carriers in intra band contiguous carriers
	13-8
	Yes
	n/a
	Positioning SRS bandwidth aggregation independent from UL communication CA in RRC_CONNECTED is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 1 candidate values: {2,3,2and3}

Component 2 candidate values:
For 2 in Component 1:
FR1 bands: {20, 40, 50, 80, 100, 160, 180,190, 200M}
FR2 bands: {50, 100, 200, 400, 600, 800}
For 3 in Component 1:
FR1 bands: {80, 100, 160, 200, 240, 300}
FR2 bands: {50, 100, 200, 300, 400, 600, 800, 1000, 1200}

Component 5 candidate values: {1, 2, 4, 8, 12, 16}

Component 6 candidate values:
Periodic: {1,2,4,8,16,32,64}
Aperiodic: {0,1,2,4,8,16,32,64}
Semi-persistent: {0,1,2,4,8,16,32,64}

Component 7 candidate values:
Periodic: {1,2,3,4,5,6,8,10,12,14}
Aperiodic: {0,1,2,3,4,5,6,8,10,12,14}
Semi-persistent: {0,1,2,3,4,5,6,8,10,12,14}

Component 9 candidate values: {0ms, 30ms, 100ms, 140ms, 200ms}

Component 10 candidate values:
For 2 in Component 1:
FR1 bands: {PC2, PC3}
FR2 bands: {PC 1.5, PC2, PC3, PC5}

For 3 in Component 1:
FR1 bands: { PC2, PC3}
FR2 bands: {PC 1, PC2, PC3, PC5 }

Note: For a given band, independent of the band combination, the UE must signal the same guard period

Note: The UE supports the simultaneous transmission in a coherent manner of 2 or 3 SRS resources in 2 or 3 intra-band contiguous CCs.

Note: each two or three linked SRS resources are counted as 1 resource

Need for location server to know if the feature is supported. UE only reports the number on bands for the current configured CA band combination.

Note: Guard period is needed before and after the aggregated SRS transmissions when SRS resource is configured within a CC without PUSCH/PUCCH is linked for aggregation with an SRS resource configured within an UL active BWP of a UL communication CC
	Optional with capability signaling
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