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Introduction 
In recent 3GPP TSG RAN WG1 meetings, the enhancements for Rel-18 have been completed in RAN1 aspect, and many basic UE features have been agreed.  
In this contribution, we provide our further views towards the UE feature on NR MIMO, expanded and improved NR positioning, NES, mobility enhancement, NCR, IoT-NTN, NR-NTN, and BWP without restriction based on UE features list for Rel-18 after RAN1#116bis [1].


7

UE features for NR MIMO
SRS enhancement targeting TDD CJT and 8 TX operation (40-5)
We have the following analysis for UE-feature outcome from RAN1#116bis meeting on SRS enhancement targeting TDD CJT and 8 TX operation:
· For FG 40-5-5, the consequence if the feature is not supported by the UE should be ‘maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS is supported’, and the first note can be removed;
Proposal 1-1: For FGs family 40-5 of ‘SRS enhancement targeting TDD CJT and 8 TX operation’, the following modifications are proposed in red.
	40. NR_MIMO_evo_DL_UL
	40-5-5
	Maximum 2 SP and 1 periodic SRS sets for 8T8R antenna switching
	Support of maximum 2 SP SRS resource sets and maximum 1 periodic SRS resource set for 8T8R antenna switching
	40-5-4
	Yes
	
	Maximum 2 SP and 1 periodic SRS sets for 8T8R antenna switching is not supported
Maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS is supported
	Per FS
	n/a
	n/a
	n/a
	Note: If UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
Note: The two SP-SRS resource sets are not activated at the same time
	Optional with capability signalling


Enhancements on UL precoding indication for multi-panel transmission (40-6)
We have the following analysis for updated UE features list from RAN1#115 meeting on Rel-18 STxMP UL transmission:
· For FG 40-6-1a, the number of component-8 should be editorially changed to component-6. Besides, given that up to two SRS resource sets can be configured to the UE when STx2P SDM scheme for NCB based PUSCH, this case should be captured accordingly.
· For FG 40-6-2a, similarly, the number of component-8 should be editorially changed to component-7. Then, given that up to two SRS resource sets can be configured to the UE when STx2P SFN scheme for NCB based PUSCH, this case should be captured accordingly.
Proposal 1-2: For FGs family 40-6 of ‘Rel-18 STxMP UL’, the following modification is proposed in red.
	40. NR_MIMO_evo_DL_UL
	40-6-1a
	Single-DCI based STx2P SDM scheme for PUSCH—noncodebook
	1. Dynamic switching by DCI 0_1/0_2 between single-DCI STxMP SDM and sTRP for PUSCH—noncodebook
2. 1 PTRS port for single-DCI based STx2P SDM scheme for PUSCH—noncodebook
3. Support of two SRS resource sets with usage set to 'noncodebook'
4.  Maximum number of SRS resources in one SRS resource set
5. Maximum number of layers of each panel for Single-DCI STx2P with SDM 
86. Maximum number of simultaneous transmitted SRS resources from one or two SRS resource set(s) at one symbol

	2-15
	Yes
	N/A
	Single-DCI based STx2P SDM scheme for PUSCH—noncodebook is not supported 
	Per FSPC
	No
	FR2 only
	n/a
	Component 4 candidate values: {1, 2 ,3, 4}

Component 5 candidate values: {1, 2}

Component 8 candidate values: {1, 2, 3, 4}
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-6-2a
	Single-DCI based STx2P SFN scheme for PUSCH—noncodebook
	2.Dynamic switching by DCI 0_1/0_2 between single-DCI STxMP SFN and sTRP
3. 1 PTRS port for single-DCI based STx2P SFN scheme for PUSCH—noncodebook
4. Support of two SRS resource sets with usage set to 'noncodebook'
5. Maximum number of SRS resources in one SRS resource set
6. Maximum number of MIMO layers of each SRS resource set for NCB PUSCH with SFN scheme
87. Maximum number of simultaneous transmitted SRS resources from one or two SRS resource set(s) at one symbol
	2-15
	Yes
	n/a
	Single-DCI based STx2P SFN scheme for PUSCH—noncodebook is not supported
	Per FSPC
	n/a
	FR2 only
	n/a
	Component 5 candidate values: {1, 2 ,3, 4}

Component 6 candidate values: {1, 2}

Component 8 candidate values: {1, 2, 3, 4}
	Optional with capability signaling


SRI/TPMI enhancement for enabling 8 TX UL transmission (40-7)
We have the following analysis for UE-feature outcome from RAN1#116bis meeting SRI/TPMI enhancement for enabling 8 TX UL transmission:
· For FG 40-7-1a, a new component ‘8-port SRS for codebook 1’ should be added. Based on RAN4’s reply LS R1-2401958, the coherency between TDMed 8-port SRS and 8-port fully coherent PUSCH is determined by UE capability. Therefore, for FG 40-7-1a, a new component ‘8-port SRS for codebook 1’ is needed, and the candidate values for this new component should be ‘non-TDM, TDM and non-TDM’. Note that, this new component is not needed for codebook2, codebook3, and codebook4, because the coherency naturally holds between TDMed 8-port SRS and non-coherent/partially coherent PUSCH.
Proposal 1-3: For FGs family 40-5 of ‘SRS enhancement targeting TDD CJT and 8 TX operation’, the following modifications are proposed in red.
	40. NR_MIMO_evo_DL_UL
	40-7-1a
	Codebook-based 8Tx PUSCH—codebook1
	1. Support of codebook-based 8Tx PUSCH—codebook1
2. Support of (N1, N2) for codebook-based 8Tx PUSCH—codebook1
3. 8-port SRS for codebook1
	40-7-1
	Yes
	n/a
	Codebook-based 8Tx PUSCH—codebook1 is not supported
	Per FSPC
	No
	No
	No
	Component 2 candidate values: {(4,1), (2,2), both}
Component 3 candidate values: {non-TDM, TDM and non-TDM}
	Optional with capability signaling


UE features for NR positioning
UE features on sidelink positioning
In previous meetings, the basic FGs have been agreed on sidelink positioning. On top of the agreed FGs, we further provide our views.
For FG 41-1-3, the number of PSCCH in a slot that a UE can receive is still unsettled. The following capabilities in FG 41-1-1 and FG 15-1 may be used as reference:
	UE feature description
	Note/Analysis

	FG 41-1-1
2. Maximum number of active SL PRS resources across all configured RPs in a slot assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE
Component 2 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64, 128} for each SCS: 60kHz, 120kHz
	There is one-to-one mapping relationship between PSCCH resource and SL PRS resource. From this point of view, the maximum number of SL PRS resources that a UE can receive in a slot should be equal to the maximum number of PSCCH that a UE can receive in a slot. 
However, the “active SL PRS resource” in component 2: SL PRS resource is considered as active starting at the end of the last symbol of the PSCCH carrying the SCI trigger and the occupancy is released at the end of timeline indicated in component 4 in FG 41-1-4. The number supported in component 2 can not directly be used for FG 41-1-3.

	FG 15-1
2) UE can receive X PSCCH in a slot.
Component-2 candidate value set: {floor (NRB /10 RBs), 2*floor (NRB /10 RBs)}
Note:
NRB is the number of RBs defined per channel bandwidth by RAN4 in 38.101-1 Table 5.3.2-1 for FR1 and 38.101-2 Table 5.3.2.-1 for FR2
	The number is related to the number of RBs defined per channel bandwidth and the minimum RB number of a subchannel.


Based on the above analysis, we support to reuse the number reported in FG 15-1. 
Proposal 2-1: For FG 41-1-3, the candidate value of component 3 is: {floor (NRB /10 RBs), 2*floor (NRB /10 RBs)}
· Note: NRB is the number of RBs defined per channel bandwidth by RAN4 in 38.101-1 Table 5.3.2-1 for FR1 and 38.101-2 Table 5.3.2.-1 for FR2
More detailed suggestion can be found as follows where the revised part is marked in tracking mode.
	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

	41. NR_pos_enh2
	41-1-3
	Receiving SL-PRS in a dedicated resource pool
	1. Support SL-PRS  in dedicated resource pool
2. Support receiving SCI format 1B
3. UE can receive X PSCCH in a slot
4. Supported CP type for 60 kHz SCS
	41-1-1
	Yes
	No
	Receiving SL-PRS 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


Component 3 candidate values: {[floor (NRB /10 RBs), 2*floor (NRB /10 RBs)]}

Note:
NRB is the number of RBs defined per channel bandwidth by RAN4 in 38.101-1 Table 5.3.2-1 for FR1 and 38.101-2 Table 5.3.2-1 for FR2

Component 4 candidate values:
CP length: {NCP,NCP and ECP}
	Optional with capability signaling





UE features on NR DL and UL carrier phase positioning
In previous meetings, the basic FGs have been agreed for carrier phase positioning. On top of the agreed FGs, we further provide our views.
Proposal 2-2: For CPP
· For FG 41-2-11, the supported ReportingGranularityfactors should be greater than or equal to X.
More detailed revision can be found as follows where the revised part is marked in tracking mode.
	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

	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


UE features for IoT-NTN
The eNB trigger based solution and UE autonomous solution can work independently. It is not preferred to couple the two methods when defining FGs. Therefore, the prerequisite [Rel. 18 2-3a] and [Rel. 18 2-3b] should be removed from FG 2-4a and FG2-4b, respectively. 
Proposal 3-1: The updates on the UE features for IoT-NTN listed below should be supported. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	Need for the UE to know if the feature is supported (only for V2X WI, where the PC5-RRC capability signalling is delivered between the UEs)
	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
	Capability interpretation for mixture of FDD/TDD
	Note
	Mandatory/Optional

	2. IoT_NTN_enh
	2-4a
	GNSS position fix in RRC Connected state for eMTC—autonomous
	1. UE re-acquires GNSS autonomously (when configured by the network) if it does not receive eNB GNSS measurement trigger
2. UE reports GNSS position fix time duration for measurement at least during the initial access stage and in connected mode via RRCConnectionReestablishmentComplete and RRCConnectionReconfigurationComplete for HO case
3. UE reports the remaining GNSS validity duration with MAC CE in connected mode
	[Rel. 18 2-3a] Rel. 17 2-1
	Yes
	N/A
	Release 18 eMTC UE cannot get autonomous GNSS position fix in RRC Connected state
	Per UE
	No 
	No
	Note: This applies to non-DRX
	Optional with capability signalling

	2. IoT_NTN_enh
	2-4b
	GNSS position fix in RRC Connected state for NB-IoT—autonomous
	1. UE re-acquires GNSS autonomously (when configured by the network) if it does not receive eNB GNSS measurement trigger
2. UE reports GNSS position fix time duration for measurement at least during the initial access stage and in connected mode via RRCConnectionReestablishmentComplete-NB
3. UE reports the remaining GNSS validity duration with MAC CE in connected mode
	[Rel. 18 2-3b], Rel. 17 2-1b
	
	
	Release 18 NB-IoT UE cannot get autonomous GNSS position fix in RRC Connected state
	Per UE
	No
	No
	Note: This applies to non-DRX
	Optional with capability signalling


UE features for NR-NTN
FG 44-1, it’s preferred to remove the bracket of the note and the description of FR2-NTN bands. The feature of PUCCH repetition on common PUCCH resource is designed for R18 NTN to mitigate the large path loss. For legacy TN, no coverage issue was identified and no enhancement on common PUCCH was discussed. Therefore, it is preferred to restrict this FG to NTN. Moreover, in RAN1#116bis, it was agreed to remove FR2-NTN bands in FG 44-2. Hence, it is preferred to also remove FR2-NTN bands in FG 44-1 for alignment.
Proposal 4-1: The updates on the UE features for NR-NTN listed below should be supported. 
	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

	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes LCID codepoint = one of {2, 3, 4, 5, 6, 7} for UL CCCH when the LX field is set to 1 must support FG 44-1
 
[Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]

	Optional without capability signaling
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