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1	Introduction
[bookmark: _Hlk156314184]In this contribution we provide our views about remaining technical aspects of UE features for the Rel-18 functionality of NR MIMO, expanded and improved NR positioning, NES, mobility enhancement, NCR, IoT-NTN, NR-NTN, and BWP without restriction. The latest endorsed RAN1 UE feature list is in [1] and associated LS to RAN2 is in [2].
[bookmark: _2_Rel-17_UE][bookmark: _3_Rel-17_UE][bookmark: _4_Rel-17_UE][bookmark: _2_Rel-17_UE_1]2	Rel-18 UE features for MIMO
[bookmark: _Hlk71539747]2.1 SRI/TPMI enhancement for enabling 8 TX UL transmission
Regarding the components for 40-7-1a, the IE defining the codebook in the current version of the RRC spec (CodebookTypeUL, copied below) can be codebook1=ng1n4n1 and/or codebook1=ng1n4n1.  These two codebooks are also identified as codebook1=ng1n4n1 and/or codebook1=ng1n2n2 in 38.211.

	[bookmark: _Hlk142050961]CodebookTypeUL-r18 ::=      CHOICE {
    codebook1-r18               ENUMERATED {ng1n4n1, ng1n2n2},
    codebook2-r18               ENUMERATED {ng2},
    codebook3-r18               ENUMERATED {ng4},
    codebook4-r18               ENUMERATED {ng8}
}



However, 40-7-1a is described as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	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
	40-7-1
	2. Component candidate values: {(4,1), (2,2), both}



There is no description of what (N1,N2) is for an 8 Tx UL MIMO codebook in the RAN1 specs, and so it is not clear which codebooks are supported with component values (4,1) and (2,2).  Therefore it should be clarified that these refer to codebook1=ng1n4n1 codebook1=ng1n2n2, respectively. The tabular format above lacks some of the description in 38.306, and so we suggest making changes based on the 38.306 description, given below.
	codebookParameter8TxPUSCH-r18
Indicates whether the UE supports codebook-based 8Tx PUSCH.

The UE shall include codebook-8TxBasic-r18 to indicate basic features of 8Tx PUSCH codebook. This capability signaling comprises the following parameters:
-	maxNumberPUSCH-MIMO-Layer-r18 defines the maximum number of PUSCH MIMO layers for codebook based PUSCH.
-	maxNumberSRS-Resource-r18 defines the maximum number of 8 port SRS resources per SRS resource set with usage set to 'codebook' for codebook-based 8Tx PUSCH.
-	srs-8TxPorts-r18 defines SRS 8 Tx ports—codebook. Value 'noTDM' indicates noTDM. Value 'both' indicates TDM and noTDM.

A UE that supports codebook-8TxBasic-r18 must support at least one of codebook1-8TxPUSCH-r18, codebook2-8TxPUSCH-r18, codebook3-8TxPUSCH-r18, and codebook4-8TxPUSCH-r18.

-	codebook1-8TxPUSCH-r18 indicates whether the UE supports (N1, N2) codebook-based 8Tx PUSCH—codebook1. Value n4-1 corresponds to (4,1) codebook1=ng1n4n1, value n2-2 corresponds to (2,2) codebook1=ng1n4n1, value both corresponds to both codebooks.
-	codebook2-8TxPUSCH-r18 indicates whether the UE supports codebook-based 8Tx PUSCH—codebook2.
-	codebook3-8TxPUSCH-r18 indicates whether the UE supports codebook-based 8Tx PUSCH—codebook3.
-	codebook4-8TxPUSCH-r18 indicates whether the UE supports codebook-based 8Tx PUSCH—codebook4.

…



[bookmark: _Toc163223648]Correct the description of codebook1 support in the description of codebookParameter8TxPUSCH-r18 in 38.306 as follows: “Value n4-1 corresponds to (4,1) codebook1=ng1n4n1, value n2-2 corresponds to (2,2) codebook1=ng1n4n1, value both corresponds to both codebooks.”

Regarding the SRS resources supported in full power mode 2 in 40-7-1g-1, 
It was agreed in RAN1#114 to support full power mode 2 as follows, and furthermore in RAN1#116 to use a bitmap to indicate whether any or all of 1, 2, and 4 port SRS resources can be in an SRS resource set for full power mode 2.  

	Agreement (RAN1#114)
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’,
· Subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set with usage set to 'codebook',
· An SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.



However, as can be seen below, while an 8 port SRS resource must be supported for 8 Tx UEs, 8 ports is not listed as an SRS port size that can be indicated by the UE in 40-7-1g-1. 

38.214 describes full power mode 2 with the following, which identifies that it is possible to have an 8 port resource with 8 Tx mode 2 and is consistent with the agreement above.  Since it is possible, and since 8 port resource capability is not indicated, 40-7-g1-1 implies the UE must support 8 port for the FG.  However, it should also be possible to configure an 8 Tx UE with fewer than 8 ports in each resource in mode 2.  This makes it somewhat confusing whether 40-7-1g-1 implies that an 8 Tx UE could support full power mode 2 with only 1, 2, or 4 ports.  

	When higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2' and the higher layer parameter CodebookTypeUL is set to 'Codebook2' or 'Codebook3', and the SRS-resourceSet with usage set to 'codebook' includes one SRS resource with 8 ports, and at least one SRS resource with 2 ports or 4 ports, subject to UE capability,
-	when CodebookTypeUL is set to 'Codebook2', the codebookSubset associated with the 2-port SRS resource is 'nonCoherent'.
-	when CodebookTypeUL is set to 'Codebook2', the codebookSubset associated with the 4-port SRS resource can be configured as 'partialAndNonCoherent' or 'nonCoherent', subject to UE capability.
-	when CodebookTypeUL is set to 'Codebook3', the codebookSubset associated with 4 ports SRS resources is 'nonCoherent'.




We therefore would like to clarify any confusion on the requitement to support 8 ports for FG 40-7-1g-1 with a note as follows:

	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	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
	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

Note: At least an 8 port SRS resource is supported for component 1. 



[bookmark: _Toc163223649]Clarify that UEs support at least an 8 port SRS resource in FG 40-7-1g-1 by adding: “Note: At least an 8 port SRS resource is supported for component 1.” to the Note column.

Regarding the TPMI group definitions in full power mode 2 in 40-7-1g-2, 

	Agreement (RAN1#114)
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’ for Ng=2
· UE power capability is indicated per antenna group, where for an indicated group, full power is supported for all ranks
· For when Ng=2, a single bit is used to indicate which of the antenna group has full power capability.



In RAN1#116, the agreement above was captured as follows in FG 40-7-1g-2.  How the first and second coherent antenna port group components are defined was left to further discussion.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	40-7-1g-2
	TPMI group(s) which delivers full power for codebook2
	1. TPMI group(s) which delivers full power when UE is capable of and configured with 8 Tx codebook based PUSCH operation with codebook2

	40-7-1g
	Component 1 candidate values: {first coherent antenna port group, second coherent antenna port group}



Full power TPMI groups were defined in 38.306 for Rel-16 as follows: 
	ID
	TPMI groups

	G0
	,

	G1
	, , ,

	…
	



Similar methods are possible for 8 Tx in Rel-18, as sketched below.  A UE will indicate support for either TPMI group 0 or 1, and support the precoders in the group for a number of layers up to the maximum number of layers that the UE supports in 40-7-1.  Note that the UE transmits on 4 ports for each , and so transmits at least half its maximum power without full power operation.  This implies that only the intermediate precoding matrices with a single (non-zero) are the ones that should be used to identify full power operation.  Transmitting on 4 ports per also implies that ranks > 4 are always at full power.
	
	1 Layer
	2 Layers
	3 Layers
	4 Layers

	TPMI group
	TPMIs
	Intermediate precoder matrix 
	TPMIs
	Intermediate precoder matrix 
	TPMIs
	Intermediate precoder matrix 
	TPMIs
	Intermediate precoder matrix 

	0
	0-15
	
	0-7
	
	0-3
	
	0-1
	

	1
	16-31
	
	8-15
	
	4-7
	
	2-3
	



[bookmark: _Toc163223650]Define two groups of 8 Tx full power Mode 2 precoders/TPMIs for FG 40-7-1g-2 according to the maximum rank supported by the UE for 8 Tx, where the full power precoders constitute a single non-zero submatrix  in the intermediate precoder matrix  from 38.211.  The UE indicates support for only one of the groups.
2.2 DMRS enhancement for increasing number of orthogonal ports 
A few typos on 40-4-1x for PDSCH need to be corrected. Table below shows the original UE feature list defined for legacy DMRS, where in 2-5 and 2-6 the feature supports “Scheduling type A” and “Scheduling type B”. To align same terminology as legacy, we propose to change the description text in 40-4-1, 40-4-1a and 40-4-1j from “mapping type” to “scheduling of type”.  Note that mapping type A and mapping type B have their own UE feature group which is feature group 5-x in 38.822. 

	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	2-5
	Basic downlink DMRS
for scheduling type A
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
3) Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port.
	2-1
	conditioned to whether PDSCH scheduling type A is supported
	Mandatory without capability signalling (condition to scheduling capability)

	2-6
	Basic downlink DMRS
for scheduling type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	
	conditioned to whether PDSCH scheduling type B is supported
	Mandatory without capability signalling (condition to scheduling capability)

	…
	
	
	
	
	

	2-16
	Basic uplink DMRS (uplink) for scheduling type A
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbols
3) Support 1 symbol FL DMRS and 2 additional DMRS symbols
	
	Conditioned to whether PUSCH scheduling type A is supported
	Mandatory without capability signalling

	2-16a
	Basic uplink DMRS
for scheduling type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	
	conditioned to whether PUSCH scheduling type B is supported
	Mandatory without capability signalling




[bookmark: _Toc163223651]For NR MIMO, correct the feature group description in 40-4-1, 40-4-1a, 40-4-1j to change from “mapping Type” to “scheduling of Type” to align with legacy description and avoid ambiguity.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	40-4-1
	Basic feature of Rel.18 enhanced DMRS ports for PDSCH for mapping scheduling of type A

	1) Support 1 symbol FL DMRS without additional symbol(s)  
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol 
	2-5
	Basic feature of Rel.18 enhanced DMRS ports for PDSCH for mapping scheduling of type A is not supported

	40-4-1a
	Basic feature of Rel.18 enhanced DMRS ports for PDSCH for mapping scheduling of type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	2-6
	UE does not support basic feature of Rel.18 enhanced DMRS ports for PDSCH for mapping scheduling of type B

	…
	
	
	
	

	40-4-1j
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port for mapping scheduling of type A
	Support of Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port for mapping scheduling type A
	40-4-1
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port is not supported for mapping scheduling of type A



3	Rel-18 UE features for NES 
Below aspect for NES UE features is discussed herein. 
· Clarification of components 4,5,6,7
Some notes related to remaining issues for existing FGs (and applicable to new FGs also). 
· The components 4,5,6,7 can be updated to reflect the NES condition for applying the per-CC and across-CCs limits. 
· Pre-requisites: For 42-1/1a/1b/2/2a/2b: adding 2-33 and 2-35 is sufficient. Since these two are mandatory with capability signaling, it is strictly not necessary to explicitly reflect them in the FG table. 

[bookmark: _Toc159190086][bookmark: _Toc163223652]For NES, FGs 42-1/42-1a/42-1b/42-1c/42-2/42-2a/42-2b/42-2c, update the components 4,5,6,7 as follows:
a. [bookmark: _Toc159190087][bookmark: _Toc163223653]4. In case a CSI report configuration(s) containing sub-configuration(s) is configured for a carrier, for that carrier, Supported maximum number of simultaneous NZP-CSI-RS resources per CC
b. [bookmark: _Toc159190088][bookmark: _Toc163223654]5. In case a CSI report configuration(s) containing sub-configuration(s) is configured for a carrier, for that carrier, Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
c. [bookmark: _Toc159190089][bookmark: _Toc163223655]6. In case a CSI report configuration(s) containing sub-configuration(s) is configured for at least one carrier, Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
d. [bookmark: _Toc159190090][bookmark: _Toc163223656]7. In case a CSI report configuration(s) containing sub-configuration(s) is configured for at least one carrier, Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs

4	Rel-18 UE features for mobility enhancements
In RAN1#116, most open issues related to UE features for mobility enhancements were closed. Here we bring up a few remaining issues. The resulting updates are captured in Annex A.
FG 45-1 describes the intra-frequency reporting, where component 5 describes the maximum number of LTM CSI report configurations. Note that this is a single component, meaning that the UE can only report one value. However, the corresponding candidate values contain three lists for periodic, semi-persistent and aperiodic reporting, which indicates that the UE would report three values, but this is not possible since there is only one component. It is thus not possible for the UE to report, e.g., that it supports 2 LTM CSI report configurations for periodic and 1 LTM CSI report configuration for aperiodic reporting. 
For intra-cell beam reporting, there are four separate features (2-21,2-22,2,23 and 2-23a), where the UE indicates which type of report it supports. In FG 2-35, the UE reports how many CSI report configurations it supports per BWP for periodic (component 2), semi-persistent (component 6) and aperiodic (component 4).
We note that there are two main differences between the solution for the legacy beam reporting configuration and the LTM CSI reporting:
The legacy features are reported per BWP
The number of legacy CSI report settings can be added
We note that the RRC specification supports up to 48 LTM CSI report configurations. However, with the current formulation of FG 45-1, there is no possibility to go beyond 4 LTM CSI report configurations, and this is not future proof. For example, it is likely that the LTM CSI reporting will be extended in Rel-19, and then it is unfortunate to have a Rel-18 capability that also limits future extensions – a capability should only limit the functionality in the same release.
To resolve this issue, we propose to reuse the structure from the legacy beam reporting, where separate components are introduced for the different reporting types. Also, we propose that the capability is defined per BWP.
[bookmark: _Toc163223657]For FG 45-1, split component 5 into four components: periodic, semi-persistent on PUCCH, semi-persistent on PUSCH and aperiodic.
[bookmark: _Toc163223658]The capabilities indicate how many LTM CSI reporting configurations of the respective type are supported per BWP.
We note that a similar issue exists for component 4: the component talks about L and M, and their product, but there is still only one component. We propose to split this into three components:
[bookmark: _Toc163223659]Split component 4 into two components: L, M and M  L. 
Another open issue is the prerequisite FG for 45-5. This FG does not really rely on any of the 45-x features: the UE can implement 45-5 independently of other features. The only pre-requisite is the RAN2 pre-requisite:
[bookmark: _Toc163223660]The only pre-requisite FG for 45-5 is the RAN2 FG for LTM.
One issue that is also open is the type for 45-5a. Here we do not see that the NW would adapt its behavior based on this FG: it does not really matter if the UE is capable of simultaneous transmission or not. 
[bookmark: _Toc163224447]The type for 45-5 is unimportant.
Of course, it should still be possible to signal the capability.
One final topic is the dependence on the Rel-17 TCI framework. In RAN1#111, RAN1 made the following agreement:
Agreement
· The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:
· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 
· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.
· Note: How and whether to indicate the new serving cell(s) and timing for beam indication are separately discussed 

The alternative beam indication solution was to use a reference signal identity, such as an SSB index, as a beam indication. 
RAN1 then decided to define a separate list of TCI states (CandidateTCI-State-r18) for LTM, and in RAN#115, RAN1 made the following agreement:
Agreement
The TCI state indicated in the cell switch command is associated with LTM TCI state pool of the target cell, i.e. configured under LTM-Candidate-r18.

With this agreement, there is no need to have a relation between the LTM TCI states, and the TCI states of the target cell: the UE receives the LTM cell switch command, which refers to a CandidateTCI-State-r18, and uses the information in the indicated LTM TCI state to perform the initial tracking. Once the UE has decoded the target configuration, it follows the configuration of the target, which of course, includes a set of TCI states. The procedures are not dependent on that the target (or source) is configured with Rel-17 TCI states: the procedures work equally well if the target (or source) is configured with Rel-15 TCI states. Currently, FG 45-3 and FG 45-4 have the Rel-17 TCI framework as pre-requisites (FG 23-1-1 and FG 23-10-1), and we propose to remove that pre-requisite:
[bookmark: _Toc163223661]Remove the pre-requisite FG 23-1-1 and 23-10-1 from FG 45-3 and FG 45-4 respectively.
The proposed updates are summarized in Annex A.

5	Rel-18 UE features for IoT-NTN 
5.1	Disabling HARQ feedback
In RAN1# 115 the following agreement was reached:
	Agreement
When multiple TBs are scheduled by a single DCI:
· [bookmark: _Hlk152927589]For Option 1 + Option 3 DCI based overridden mechanism, when DCI indicates HARQ feedback enabled, then the NB-IoT UE always wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH.



During RAN1#116, it was clarified that “npdsch-MultiTB-Config” has two different behaviours when the overriding happens, which depends on whether 1TB is scheduled (UE does not wait for an RTT+3ms) or 2TBs are scheduled (“UE always wait for an RTT+3ms”) by a single DCI. This, behaviour was captured through the following agreement: “The TP 1-1b in section 3 of R1-2401497 is endorsed for TS36.213 clause 16.6”. The agreement reach in RAN1# 116 also requires an update in FG 2-1g-2.
[bookmark: _Toc163223662]Update FG 2-1g-2 to reflect that when “npdsch-MultiTB-Config” is configured the overriding has different behaviours depending on whether 1TB is scheduled (UE does not wait for an RTT+3ms) or 2TBs are scheduled (“UE always wait for an RTT+3ms”) by a single DCI.

	2. IoT_NTN_enh
	2-1g-2
	Dynamic HARQ feedback disabling by DCI-based overridden indication for NB-IoT in multi TB case
	1. UE receives DCI indication to override RRC configuration for disabling HARQ feedback 
2. For single multi TB scheduled scheduling a single transport block by single DCI, UE follows NPDCCH monitoring behavior for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI
	At least one of {Rel-16 2-6, 2-7},
Rel. 17 2-1b,
Rel-18 2-1e-2, 2-1f-2
	Yes
	N/A
	Release 18 NB-IoT UE cannot disable HARQ feedback in multi TB case
	Per UE
	No 
	No
	Note: this applies to multi-TB case
	Optional with capability signalling



5.2	GNSS Enhancements
In RAN1# 116, the following agreement was reached:

Agreement: Confirm the working assumption and adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown.

	2. IoT_NTN_enh
	2-3a
	GNSS position fix in RRC Connected state for eMTC—triggered 
	1. 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 
2. UE receives eNB GNSS measurement trigger 
4. UE re-acquires GNSS position fix within a configured gap
5. UE reports the remaining GNSS validity duration with MAC CE in connected mode
	Rel. 17 2-1
	Yes
	N/A
	Release 18 eMTC UE cannot get triggered GNSS position fix in RRC Connected state
	WA: Per UE
	No 
	No
	Note: This applies to non-DRX
	Optional with capability signalling

	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
	WA: Per UE
	No 
	No
	Note: This applies to non-DRX


	Optional with capability signalling

	2. IoT_NTN_enh
	2-3b
	GNSS position fix in RRC Connected state for NB-IoT—triggered
	1. UE reports GNSS position fix time duration for measurement  at least during the initial access stage and in connected mode via RRCConnectionReestablishmentComplete-NB 
2. UE receives eNB GNSS measurement trigger 
4. UE re-acquires GNSS position fix within a configured gap
5. UE reports the remaining GNSS validity duration with MAC CE in connected mode
	Rel. 17 2-1b
	Yes
	N/A
	Release 18 NB-IoT UE cannot get triggered GNSS position fix in RRC Connected state
	WA: 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
	WA: Per UE
	No
	No
	Note: This applies to non-DRX


	Optional with capability signalling



For FG 2-4a and FG 2-4b, there is one remaining issue:
· Is Rel.18 2-3a a pre-requisite for 2-4a?
· Is Rel.18 2-3b a pre-requisite for 2-4b?

[bookmark: _Toc149474696][bookmark: _Toc159190075][bookmark: _Toc163224448]Rel.18 2-3a and Rel.18 2-4a are complementary mechanisms: 2-3a allows the network to trigger a UE to perform a GNSS reacquisition when needed regardless of the UE’s remaining GNSS validity duration. 2-4a allows a UE to perform GNSS reacquisition when the network has not triggered it using 2-3a and its GNSS validity duration has ended. Therefore, 2-3a is a pre-requisite of 2-4a.
[bookmark: _Toc149474697][bookmark: _Toc159190076][bookmark: _Toc163224449]It was discussed in RAN1 whether a UE can ignore the GNSS reacquisition trigger command sent by the network but it was not agreed. If 2-3a is not adopted as a pre-requisite for 2-4a, a UE will be able to ignore the GNSS trigger sent by the network which was never agreed in RAN1.
[bookmark: _Toc163224450]The UE feature description for FG 2-4a also captures its dependence on FG 2-3a: “1. UE re-acquires GNSS autonomously (when configured by the network) if it does not receive eNB GNSS measurement trigger”.
Similarly, RAN1 made the following conclusion in RAN1#116 (captured in feature lead summary R1-2401790) which clearly states that the UE may re-acquire GNSS autonomously if the eNB does not trigger the UE to make a GNSS measurement. That is, the autonomous GNSS timer-based mechanism is coupled with the GNSS trigger gap.

Conclusion
UE may re-acquire GNSS (when configured by the network) in the GNSS measurement timer, if eNB does not trigger UE to make GNSS measurement within duration T, where T is latest reported remaining GNSS validity duration plus UL transmission extension duration X (if any).

The same argument (used for FG 2-4a) applies to FG 2-4b. In short, autonomous GNSS acquisition is coupled with GNSS acquisition based on the trigger command sent by the network. Therefore, we put forth the following proposals.

[bookmark: _Toc159190099][bookmark: _Toc163223663]For the comeback on FG 2-4a, Rel.18 2-3a shall be a pre-requisite for 2-4a. 
[bookmark: _Toc159190100][bookmark: _Toc163223664]For the comeback on FG 2-4b, Rel.18 2-3b shall be a pre-requisite for 2-4b. 

6	Rel-18 UE features for NR-NTN 
6.1	Coverage enhancement
6.1.1	PUCCH repetition
Even though repetition for common PUCCH is specified within the NR NTN enhancements work item, the feature as such should not be limited to non-terrestrial networks. Indeed, coverage on common PUCCH can potentially be a problem also in terrestrial networks. The need for Msg4 HARQ-ACK PUCCH repetitions in terrestrial networks was evaluated during the Rel-17 coverage enhancement study. The results in TR 38.830 were inconclusive since only a few companies evaluated this channel, but the results indicate that the Msg4 HARQ-ACK PUCCH might be the bottleneck in some FDD scenarios (see e.g. Table 5.1.1.5-2 in TR 38.830).
[bookmark: _Toc134708315][bookmark: _Toc158764886][bookmark: _Toc159190102][bookmark: _Toc163223665]For the feature “PUCCH repetition on common PUCCH resource”, UE should be allowed to indicate support for FG 44-1 for both NTN and TN bands. Therefore, the note within brackets limiting FG 44-1 to satellite and HAPS bands should be removed (see table 1).
Table 1: Proposed updates for FG 44-1.
	44. NR_NTN_enh
	44-1
	[bookmark: _Hlk163247438]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



6.1.2	PUSCH DMRS bundling
[bookmark: _Hlk75780291]RAN4 sent an LS to RAN1 and RAN2 with the title “LS on UE capability to support DMRS bundling for GSO and NGSO” [3]. This was received at RAN1#116. The content of the LS is as follows:
	1. Overall Description: 
RAN4 agrees to differentiate the capability of maxDurationDMRS-Bundling-r17 for GSO and NGSO scenarios.  RAN4 agrees that UE may report different max Duration capability for DMRS bundling for NGSO (e.g. [maxDurationDMRS-Bundling-NTN-NGSO-r18]) and max Duration for DMRS bundling for GSO in the same NTN band :

· The capabilities are applicable to NTN FR1 bands
· The range of [maxDurationDMRS-Bundling-NTN-NGSO-r18] is same as the capability maxDurationDMRS-Bundling-r17

2. Actions:
To RAN WG1/WG2 group.
ACTION: 	no action needed.



The differentiation between GSO and NGSO was handled at RAN1#116. But the RAN4 agreement that “the capabilities are applicable to NTN FR1 bands” is not reflected in the description of FG 44-2 that still has placeholders for the FR2-NTN bands. It is proposed to remove the references to FR2-NTN.
[bookmark: _Toc163223666]For the feature “NTN DMRS bundling enhancement for PUSCH in NGSO scenarios”, remove the references to FR2-NTN bands (see Table 2).
Table 2: Proposed updates for FG 44-2.
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH in NGSO scenarios
	1. Support of DM-RS bundling for PUSCH over consecutive slots in NGSO scenarios
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
3. Maximum duration during which UE is able to maintain power consistency and phase continuity to support NTN DM-RS bundling for PUSCH over consecutive slots
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NGSO scenarios NTN
	Per Band
	N/A
	N/A
	N/A
	Component 3 candidate values: {4, 8, 16, 32}

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

Note: a UE that does not report support of this FG and reports support of FG 30-4 for an NTN band can perform DMRS bundling only in GSO scenario in the NTN band

NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders

Note: for bands in Table 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5, reported value in FG 30-4 is applied only for GSO scenario
	Optional with capability signaling




7	Conclusion
In this contribution, we have discussed the remaining technical aspects of UE features for the Rel-18 functionality of MIMO, NES, mobility enhancement, IoT-NTN and NR-NTN.
We made the following observations: 
Observation 1	The type for 45-5 is unimportant.
Observation 2	Rel.18 2-3a and Rel.18 2-4a are complementary mechanisms: 2-3a allows the network to trigger a UE to perform a GNSS reacquisition when needed regardless of the UE’s remaining GNSS validity duration. 2-4a allows a UE to perform GNSS reacquisition when the network has not triggered it using 2-3a and its GNSS validity duration has ended. Therefore, 2-3a is a pre-requisite of 2-4a.
Observation 3	It was discussed in RAN1 whether a UE can ignore the GNSS reacquisition trigger command sent by the network but it was not agreed. If 2-3a is not adopted as a pre-requisite for 2-4a, a UE will be able to ignore the GNSS trigger sent by the network which was never agreed in RAN1.
Observation 4	The UE feature description for FG 2-4a also captures its dependence on FG 2-3a: “1. UE re-acquires GNSS autonomously (when configured by the network) if it does not receive eNB GNSS measurement trigger”.
 
[bookmark: _In-sequence_SDU_delivery]Our proposals are as follows:
Proposal 1	Correct the description of codebook1 support in the description of codebookParameter8TxPUSCH-r18 in 38.306 as follows: “Value n4-1 corresponds to (4,1) codebook1=ng1n4n1, value n2-2 corresponds to (2,2) codebook1=ng1n4n1, value both corresponds to both codebooks.”
Proposal 2	Clarify that UEs support at least an 8 port SRS resource in FG 40-7-1g-1 by adding: “Note: At least an 8 port SRS resource is supported for component 1.” to the Note column.
Proposal 3	Define two groups of 8 Tx full power Mode 2 precoders/TPMIs for FG 40-7-1g-2 according to the maximum rank supported by the UE for 8 Tx, where the full power precoders constitute a single non-zero submatrix  in the intermediate precoder matrix  from 38.211.  The UE indicates support for only one of the groups.
Proposal 4	For NR MIMO, correct the feature group description in 40-4-1, 40-4-1a, 40-4-1j to change from “mapping Type” to “scheduling of Type” to align with legacy description and avoid ambiguity.
Proposal 5	For NES, FGs 42-1/42-1a/42-1b/42-1c/42-2/42-2a/42-2b/42-2c, update the components 4,5,6,7 as follows:
a.	4. In case a CSI report configuration(s) containing sub-configuration(s) is configured for a carrier, for that carrier, Supported maximum number of simultaneous NZP-CSI-RS resources per CC
b.	5. In case a CSI report configuration(s) containing sub-configuration(s) is configured for a carrier, for that carrier, Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
c.	6. In case a CSI report configuration(s) containing sub-configuration(s) is configured for at least one carrier, Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs
d.	7. In case a CSI report configuration(s) containing sub-configuration(s) is configured for at least one carrier, Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
Proposal 6	For FG 45-1, split component 5 into four components: periodic, semi-persistent on PUCCH, semi-persistent on PUSCH and aperiodic.
Proposal 7	The capabilities indicate how many LTM CSI reporting configurations of the respective type are supported per BWP.
Proposal 8	Split component 4 into two components: L, M and M  L.
Proposal 9	The only pre-requisite FG for 45-5 is the RAN2 FG for LTM.
Proposal 10	Remove the pre-requisite FG 23-1-1 and 23-10-1 from FG 45-3 and FG 45-4 respectively.
Proposal 11	Update FG 2-1g-2 to reflect that when “npdsch-MultiTB-Config” is configured the overriding has different behaviours depending on whether 1TB is scheduled (UE does not wait for an RTT+3ms) or 2TBs are scheduled (“UE always wait for an RTT+3ms”) by a single DCI.
Proposal 12	For the comeback on FG 2-4a, Rel.18 2-3a shall be a pre-requisite for 2-4a.
Proposal 13	For the comeback on FG 2-4b, Rel.18 2-3b shall be a pre-requisite for 2-4b.
Proposal 14	For the feature “PUCCH repetition on common PUCCH resource”, UE should be allowed to indicate support for FG 44-1 for both NTN and TN bands. Therefore, the note within brackets limiting FG 44-1 to satellite and HAPS bands should be removed (see table 1).
Proposal 15	For the feature “NTN DMRS bundling enhancement for PUSCH in NGSO scenarios”, remove the references to FR2-NTN bands (see Table 2).
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Annex A (Proposed updates to the Mobility enhancements FGs)
	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)
	Note
	Mandatory/Optional

	45. NR_Mob_enh2
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s)
2. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
3. Maximum number of candidate cells in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
4. Maximum number of beams per candidate cell in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
5. Maximum total number of beams per in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement
6. Maximum number of periodic LTM CSI report configs per BWP
7. Maximum number of aperiodic LTM CSI report configs per BWP
8. Maximum number of semi-persistent LTM CSI report configs per BWP
	2-21 or 2-22 or 2-23 or 2-23a
	Yes
	No
	UE does not support intra-frequency L1 measurement and reports for Rel-18 LTM operation
	Per BC
	Component 2 candidate values: {1,2,3,4,5,6,7,8}
Component 3 candidate values: 
{1, 2, 3, 4}
Component 4 candidate values: 
{1, 2, 3, 4}
Component 5 candidate values: 
{1,2,3,4, 6, 8, 9, 12, 16}
L: {1, 2,3,4}
M: {1, 2,3,4}
M  L: {1,2,3,4, 6, 8, 9, 12, 16}

Component 6 candidate values:
Aperiodic: {0,1,2,3,4}
Component 7 candidate values:
Periodic: {0,1,2,3,4}
Component 8 candidate values:
Semi-persistent: {0,1,2,3,4}
	Optional with capability signalling

	45. NR_Mob_enh2
	45-3
	Beam indication with joint DL/UL LTM TCI states
	1. Support of unified TCI with joint DL/UL LTM TCI-state indication for LTM procedure.
2. Maximum number of configured joint LTM TCI state(s) per candidate cell
3. Support of indicating and activating a single joint LTM TCI state in a cell switch command.
4. Supported QCL source RS in the LTM TCI-stateconfiguration
5. Maximum number of configured joint LTM TCI state(s) across candidate cells
6. Maximum number of configured cells for joint LTM TCI states
	23-1-1, RAN2 FG for LTM
	Yes
	No
	UE does not support Beam indication with joint DL/UL LTM TCI states
	Per band
	Component 2 candidate values: {8, 12, 16, 24, 32, 48, 64, 128}
Component 4 candidate values: {SSB, TRS, both}
Component 5 candidate values: {8, 16, 24, 32, …, 1024}
Component 6 candidate values: {1,2,3,4,5,6,7,8}

	Optional with capability signalling

	45. NR_Mob_enh2
	45-4
	Beam indication with separate DL/UL LTM TCI states
	1. Support of unified TCI with separate DL/UL TCI-state indication for LTM procedure.
2. Maximum number of configured DL TCI state(s) per candidate cell
3. Maximum number of configured UL TCI state(s) per candidate cell
4. Support of indicating and activating a pair of UL/DL TCI-state in a cell switch command.
5. Supported QCL source RS in the LTM TCI-state configuration
7. Maximum number of configured separate DL LTM TCI state(s) across candidate cells
8. Maximum number of configured separate UL LTM TCI state(s) across candidate cells
9. Maximum number of configured cells for separate DL/UL LTM TCI states
	23-10-1, RAN2 FG for LTM
	Yes
	No
	UE does not support Rel-18 LTM operation with separate DL/UL TCI states
	Per band
	Component 2 candidate values: {4, 8, 12, 16, 24, 32, 48, 64, 128}
Component 3 candidate values: {4, 8, 12, 16, 24, 32, 48, 64}
Component 5 candidate values: {SSB, TRS, both}
Component 7 candidate values: {8, 16, 24, 32, …, 1024}
Component 8 candidate values: {4, 8, 12, 16, …, 512}
Component 9 candidate values: {1,2,3,4,5,6,7,8}
	Optional with capability signalling

	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
	Yes
	No
	RACH-based early TA acquisition is not supported
	Per band
	Component 1 candidate values {1,2,3,4,5,6,7,8}
	Optional with capability signalling




