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1 Discussion
[bookmark: _Hlk145277988]This contribution considers remaining issues for NR MIMO, NR positioning, NES and NR-NTN.


2 UE features for NR MIMO

2.1 Unified TCI framework extension for multi-TRP
In RAN1#114 and 114bis, the following agreements on PHR enhancement for STx2P were endorsed. 
	Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that one or both Type 1 PHRs are based on an actual PUSCH transmission
· If the actual PUSCH transmission applies both first and second indicated joint/UL TCI states, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission 
· FFS: How to provide the second report for a reference PUSCH transmission?
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· FFS: How to provide the first report for a reference PUSCH transmission?
· FFS: If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, how to provide the first and second reports for reference PUSCH transmissions, respectively?

Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that only one Type 1 PHR is based on an actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for a reference PUSCH transmission 
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission
· If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for another reference PUSCH transmission
· FFS: Whether the configured max output power reported in above cases is per UE or per panel or both
· Down-select one of the following alternatives to be reported along with the power headroom for a reference PUSCH transmission:
· Alt1: Per-panel configured max output power
· Alt2: Per-UE configured max output power
· Alt3: Both per-panel configured max output power and per-UE configured max output power
· Alt4: None




To support twoPHRmode for sDCI based STx2P schemes, additional capability might be required. This can be similar to Rel-17 FG for two PHR reporting, FG 23-3-1c which is optional with capability signalling. In addition, we think this UE capability can be used for both sDCI and mDCI based STx2P schemes. Therefore, we suggest to introduce new feature group to report UE capability on twoPHRmode for STxMP including both sDCI and mDCI based schemes. Furthermore, it should be clarified which PHR for either the first indicated TCI state or the second indicated TCI state is reported when STx2P is supported but twoPHRmode for STx2P is not supported (or not configured). This is because both indicated TCI states are applied for STx2P at a STx2P PUSCH transmission occasion not like Rel-17 mTRP TDMed PUSCH repetition which only PUSCH toward one TRP could be transmitted at a PHR reporting time instance. In our view, the simplest way is to have the UE to report a PHR for an actual PUSCH transmission, and PHR for the first indicated TCI state or PHR associated with coreasePoolIndex0 is reported if actual PUSCH transmission is based on STx2P schemes. 

Proposal 1: following capability is introduced to support two PHR mode for both sDCI based schemes and mDCI based schemes:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Consequence if the feature is not supported by the UE
	Type

	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	40-1-14
	Two PHR reporting for STx2P
	Support of PHR reporting related to STx2P
	40-6-1, 40-6-1a, 40-6-2, 40-6-2a, 40-6-3a, 40-6-3b
	UE will report a PHR for an actual PUSCH transmission and PHR for the first indicated TCI state or PHR associated with coresetPoolIndex0 is reported if actual PUSCH transmission is based on STx2P schemes
	Per Band
	FR2 only
	Note: If gNB does not configure corresponding RRC parameter for this FG, UE will report a PHR for an actual PUSCH transmission and PHR for the first indicated TCI state or PHR associated with coresetPoolIndex0 is reported if actual PUSCH transmission is based on STx2P schemes
	Optional with capability signalling



The issue of UE ambiguity when UE is configured to follow unified TCI state with capability of per resource set for a configured aperiodic CSI-RS resource set with two Resource Groups for NCJT CSI measurement/reporting was discussed in RAN1 #114 meeting and below agreement was made:

Agreement @RAN1 #114
On unified TCI framework extension, if the UE supports NCJT CSI, the UE should support resource-level RRC configuration for informing that the UE shall apply the first or the second indicated joint/DL TCI state to AP CSI-RS resource
Above agreement has not been captured in spec and can be mentioned in the note column of FG 40-1-3. Similarly, for a configured aperiodic CSI-RS resource set for CJT CSI measurement/reporting with K NZP CSI-RS resources each corresponding to one TRP/TRP-group, there would be ambiguity on UE behavior when UE is configured to follow unified TCI state with capability of per resource set in FG 40-1-3 and two TCI states for CJT Tx scheme for PDSCH in FG 40-1-4. Following the same rule as agreed for NCJT in RAN1 #114 meeting, we may condition the support of CJT CSI in UTCI framework on the support of resource-level RRC configuration for informing that the UE shall apply the first or the second indicated joint/DL TCI state to AP CSI-RS resource. This can also be mentioned in the note column of FG 40-1-3.
Proposal 2: The note column of FG 40-1-3 can be updated to mention condition on support of operation of NCJT/CJT CSI as below:
	40. NR_MIMO_evo_DL_UL
	40-1-3
	Per aperiodic CSI-RS resource/resource set configuration for TCI selection in S-DCI based MTRP
	Support of Per aperiodic CSI-RS resource/resource set configuration for TCI selection in S-DCI based MTRP
	
	yes
	n/a
	
	Per band
	n/a
	n/a
	n/a
	Component candidate values: {per resource, per resource set, both}
Note: when the UE supports NCJT CSI under 23-7-1 or CJT under 40-1-4, component value {per resource} is declared.
  
	Optional with capability signalling




2.2 Two TAs for multi-DCI
[bookmark: _Hlk145676464]For a UE that supports simultaneous multiple UL transmissions via FG 40-2-7 with pre-requisite of FG 40-2-1 or FG 40-2-2, it can be assumed that UE can well handle any overlap duration with no reduction of any of UL transmissions in multi-DCI based multi-TRP operation with two TA enhancement. This can be mentioned in FG 40-2-6 note column.
Proposal 3: The note column of FG 40-2-7 can be updated to mention support of any overlap duration for two UL transmissions in multi-DCI based Multi-TRP with 2 TA as below:
	40. NR_MIMO_evo_DL_UL
	40-2-7
	Two TAs for multi-DCI STxMP PUSCH+PUSCH
	Support of two TAs for multi-DCI STxMP PUSCH+PUSCH
 

	40-2-1 or 40-2-2, 40-6-3a or 40-6-3b
	yes
	n/a
	Two TAs for multi-DCI STxMP PUSCH+PUSCH is not supported
	Per FSPC
	n/a
	n/a
	n/a
	Note: support of any overlap duration with no reduction of any of UL transmissions for two UL transmissions in multi-DCI based Multi-TRP with 2 TA
	Optional with capability signalling



2.3 CSI enhancement

On the table of UE feature list for CSI, we propose the following modifications to maintain consistency across MIMO FGs:
· 40-3-1-1: move “Support of mode 2 …” to the top of the 4th column
· 40-3-1-5: move “Support of mode 2 …” to the top of the 4th column
· 40-3-2-1: replace “Support of Rel-16-based doppler CSI” by “Basic feature for Rel-16-based doppler CSI”
· 40-3-2-4: replace “Support of Rel-17-based doppler CSI” by “Basic feature for Rel-17-based doppler measurement”
· 40-3-3-1: replace “TDCP (Time Domain Channel Properties) report” by “Basic feature for TDCP (Time Domain Channel Properties) report”

Proposal 4: 
· The following modifications need to be made to maintain consistency across MIMO FGs:
· 40-3-1-1: move “Support of mode 2 …” to the top of the 4th column;
· 40-3-1-5: move “Support of mode 2 …” to the top of the 4th column;
· 40-3-2-1: replace “Support of Rel-16-based doppler CSI” by “Basic feature for Rel-16-based doppler CSI”;
· 40-3-2-4: replace “Support of Rel-17-based doppler CSI” by “Basic feature for Rel-17-based doppler measurement”;
· 40-3-3-1: replace “TDCP (Time Domain Channel Properties) report” by “Basic feature for TDCP (Time Domain Channel Properties) report”.

2.4 DMRS enhancement

The maximum number of different DMRS types for all DCI formats

In RAN1#114bis, it is concluded as follows that all DCI formats except fallback DCIs (i.e., DCI format 0_0 and 1_0) can indicate Rel-18 DMRS ports.
	Conclusion in RAN1#114b
DCI formats 1_1/1_2/0_1/0_2 and other DCI formats (except for DCI format 0_0/1_0), which are specified as equally applied as at least one of DCI formats 1_1/1_2/0_1/0_2, can indicate Rel.18 DMRS ports.



Based on the above conclusion, in Clause 5.1.6.2 in TS38.214, the reception procedure for DMRS indicated by different DCI format has been specified as follows. Here, considering UE’s receiving operation, we would like to focus on DL DCI format and corresponding DL DMRS types.
	5.1.6.2 DM-RS reception procedure
The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB. The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_3.
The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2, by applying the parameters of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB in pdsch-ConfigMulticast instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB in PDSCH-Config.



In the Clause 5.1.6.2, DMRS reception procedure has been specified based on DCI format 1_1, and by using the above specification text, it can be equally applied for DMRS reception procedure which is driven by DCI format 1_2, 1_3, and 4_2. Each DCI format (except DCI format 1_3) has its own RRC parameters for DMRS indication.
· For DCI format 1_2, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 can be used to indicate DMRS, instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB which are utilized for DCI format 1_1.
· For DCI format 1_3, same RRC parameters for DCI format 1_1 are utilized.
· For DCI format 4_2, instead of RRC parameters for DCI format 1_1, dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB in pdsch-ConfigMulticast can be used to indicate DMRS.

Observation 1: Different DCI formats can indicate different DMRS types, based on different RRC parameters.

In order to inform the supported DMRS types from UE to gNB, two UE capabilities are defined in Rel-15 (FG 2-10) and Rel-18 (FG 40-4-1g) as follows:

	2-10
	Support DMRS type (downlink)
	Support DMRS {type 1, both type 1 and type 2}
	
	supportedDMRS-TypeDL
	Phy-ParametersFRX-Diff
	No
	Yes
	
	Type 1 is mandatory with capability signalling.
 
Type 2 is optional with capability signalling



	40-4-1g
	DMRS type for Rel.18 enhanced DMRS ports for PDSCH
	Support of DMRS type for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Yes
	n/a
	UE does not support DMRS type for Rel.18 enhanced DMRS ports for PDSCH
	Per FS
	No
	No
	n/a
	Component 1 candidate values: {etype 1, both etype 1 and etype 2}
	Optional with capability signaling



By reporting FG 2-10, UE can report either “type 1” or “both type1 and type 2” where type 1 and type 2 here stand for Rel-15 DMRS type 1, and Rel-15 DMRS type 2, respectively.
By reporting FG 40-4-1g, UE can report either “etype 1” or “both etype 1 and etype 2” where etype 1 and etype 2 here stand for Rel-18 enhanced DMRS type 1, and Rel-18 enhanced DMRS type 2, respectively.

Observation 2: Current UE capabilities FG 2-10 and FG 40-4-1g can report the DMRS types UE can support which can be up to 4 different DMRS types.

Given possibly supported DCI formats and DMRS types from a certain UE, gNB can configure appropriate RRC parameters for DCI format and corresponding RRC parameters for DMRS types. As a consequence, when a UE reports up to 4 different DMRS types are supported, the UE can be configured with up to 4 different DMRS types from across all DCI formats which the UE can monitor. In this case, the UE shall prepare reception procedure for 4 different DMRS types, which means 4 different MMSE coefficient filters are ready to be used for channel estimation in advance, which could be burden to UE from memory and processing point of view. Hence, it is informative to gNB if a UE can report a new UE capability including the information of the maximum number of configured DMRS types for across all DL DCI formats per cell so that the UE can indicate to gNB the processing limit considering DMRS channel estimation. 

Proposal 5: Introduce a UE capability introducing the maximum number of configured DMRS types for across all DL DCI formats per cell (except DCI format 1_0) as with the following FG structure:

	40-4-XX
	Capability on the maximum number of configured DMRS types for across all DL DCI formats (except DCI format 1_0)
	The maximum number of configured DMRS types for across all DL DCI formats (except DCI format 1_0)
	2-10, 40-4-1
	Yes
	n/a
	Capability on the maximum number of configured DMRS types for across all DL DCI formats is not supported (except DCI format 1_0)
	Per FS
	No
	No
	n/a
	Component candidate values: {2, 3, 4}
	Optional with capability signaling




UE capability for Rel-18 PUSCH DMRS with 1 symbol FL DMRS and 2 additional DMRS symbols

In Rel-15, we have the following two FGs supporting PUSCH DMRS with 1 symbol FL (front-loaded) DMRS and 2 additional DMRS symbols.
	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 
	
	n/a
	n/a
	n/a
	n/a
	Conditioned to whether PUSCH scheduling type A is supported
	Mandatory without capability signalling

	2-16b
	Support 1+2 DMRS (uplink)
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port
	
	oneFL-DMRS-TwoAdditionalDMRS-UL
	Phy-ParametersFRX-Diff
	No
	Yes
	
	Mandatory with capability signalling



The difference between FG 2-16 and FG 2-16b above is that PUSCH DMRS with 1 symbol FL (front-loaded) DMRS and 2 additional DMRS symbols for one port is supported by Component 3 of FG 2-16, and PUSCH DMRS with 1 symbol FL (front-loaded) DMRS and 2 additional DMRS symbols for more than one port is supported by FG 2-16b.
In Rel-18, for enhanced DMRS types, similar structure of FGs with Rel-15 are agreed to use, but for PUSCH DMRS, we have only the following FG supporting 1 symbol FL DMRS and 2 additional DMRS symbols.
	40-4-6
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type A for Rel.18 enhanced DMRS ports
	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
	2-16
	Yes
	n/a
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type A for Rel.18 enhanced DMRS ports is not supported
	Per FS
	No
	No
	n/a
	
	Optional with capability signaling



Similar with Rel-15 UE capability signaling structure, we would like to distinguish between supporting one port and more than one port. Hence we would like to modify the description of Component 3 of FG 40-4-6, and introduce a new FG supporting Rel-18 enhanced DMRS for PUSCH with 1 symbol FL (front-loaded) DMRS and 2 additional DMRS symbols for more than one port.

Proposal 6: Revise a description (as red text below) in Component 3 in FG 40-4-6 to support Rel-18 enhanced DMRS for PUSCH with 1 symbol FL DMRS and 2 additional DMRS symbols for one port.

	40-4-6
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type A for Rel.18 enhanced DMRS ports
	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 for one port
	2-16
	Yes
	n/a
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type A for Rel.18 enhanced DMRS ports is not supported
	Per FS
	No
	No
	n/a
	
	Optional with capability signaling



Proposal 7: Introduce a new FG to support Rel-18 enhanced DMRS for PUSCH with 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port.

	40-4-XX
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port by Rel-18 enhanced DMRS ports for PUSCH
	Support of 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port by Rel-18 enhanced DMRS ports for PUSCH
	40-4-6
	Yes
	n/a
	1 symbol FL DMRS and 2 additional DMRS symbols for more than one port by Rel-18 enhanced DMRS ports for PUSCH is not supported
	Per FS
	No
	No
	n/a
	
	Optional with capability signaling



2.5 SRS enhancement
In [2], RAN4 kindly sent additional LS reply on relative phase/power error requirements within port groups for 8TX UE. The part of LS reply is captured as follows:
	[bookmark: _Hlk160110680]Additionally, RAN4 further discussed coherence between PUSCH and 8-ports SRS with partial dropping. The approved reply LS of R4-2321728 says that “Some UEs may be capable to achieve coherence across TDM’d SRS and some UE may not” in the answer for Question 1. It is RAN4’s understanding that the current capability wouldn’t allow a UE to indicate that the UE supports codebook 1 with not TDMed SRS, while the same UE can also support codebook 2, 3, or 4 with TDM’d SRS. If the RAN4 understanding is correct, RAN4’d like to request RAN1 to consider allowing UE to indicate the above mentioned cases, details are up to RAN1.



The current capabilities relevant on highlighted part above are captured as follows:
	40-7-1
	Basic features for Codebook-based 
8Tx PUSCH
	1. Maximum number of PUSCH MIMO layers for codebook based PUSCH

2. Maximum number of 8 port SRS resources per SRS resource set with usage set to 'codebook’ for codebook-based 8Tx PUSCH

3. SRS 8 Tx ports—codebook
	 
	Yes
	n/a
	Codebook-based 8Tx PUSCH 
is not supported
	Per 
FSPC
	No
	No
	No
	Component 1 candidate values: 
{1,2, 3, 4, 5, 6, 7, 8}
 
Component 2 candidate values: {1,2}
 
Component 3 candidate values: 
{noTDM, TDM and noTDM}
 
A UE that supports FG 40-7-1 must support at least one of FGs 40-7-1a/b/c/d
	Optional with capability signaling



	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
	Yes
	n/a
	Codebook-based 8Tx PUSCH
—codebook1 is not supported
	Per 
FSPC
	No
	No
	No
	2. Component candidate values: 
{(4,1), (2,2), both}
	Optional with capability signaling

	40-7-1b
	Codebook-based 8Tx PUSCH—codebook2
	Support of codebook-based 8Tx PUSCH—codebook2
	40-7-1
	Yes
	n/a
	Codebook-based 8Tx PUSCH
—codebook2 is not supported
	Per 
FSPC
	No
	No
	No
	 
	Optional with capability signaling

	40-7-1c
	Codebook-based 8Tx PUSCH—codebook3
	Support of codebook-based 8Tx PUSCH—codebook3
	40-7-1
	Yes
	n/a
	Codebook-based 8Tx PUSCH
—codebook3 is not supported
	Per 
FSPC
	No
	No
	No
	 
	Optional with capability signaling

	40-7-1d
	Codebook-based 8Tx PUSCH—codebook4
	Support of codebook-based 8Tx PUSCH—codebook4 
	40-7-1
	Yes
	n/a
	Codebook-based 8Tx PUSCH
—codebook4 is not supported
	Per 
FSPC
	No
	No
	No
	 
	Optional with capability signaling



By using Component 3 in FG 40-7-1 above, a UE can report whether it supports non-TDM based 8-port SRS only, or both non-TDM and TDM based 8-port SRS. And corresponding supported codebook type can be reported from UE by using at least one of FG 40-7-1a, FG 40-7-1b, FG 40-7-1c, and FG 40-7-1d. But as RAN4 mentioned, current UE capability FG 40-7-1a, FG 40-7-1b, FG 40-7-1c, and FG 40-7-1d cannot distinguish the possibly supported codebook types for each of non-TDM based 8-port SRS and TDM based 8-port SRS, which means that gNB can understand this UE capability as only one combination of supported codebook types which is commonly applied to both non-TDM and TDM based 8-port SRS. However, due to the different nature of non-TDM and TDM based 8-port SRS and also RAN4 mentioned (e.g., partial dropping and power scaling in time domain is possible for TDM based 8-port SRS), the corresponding supported codebook type for non-TDM and TDM based 8-port SRS could be different even from the same UE. Hence, we would like to introduce an UE capability signalling to report one more combination of supported codebook types which can be applied to TDM based 8-port SRS, while the current UE capability FG 40-7-1a, FG 40-7-1b, FG 40-7-1c, and FG 40-7-1d can be applied to non-TDM based 8-port SRS since non-TDM is basically supported by the structure of Component 3 in FG 40-7-1. 

Proposal 8: Introduce an UE capability to indicate supported codebook types corresponding to TDM based 8-port SRS with the following FG structure (Current UE capability FG 40-7-1a, FG 40-7-1b, FG 40-7-1c, and FG 40-7-1d can be applied to non-TDM based 8-port SRS).

	40-7-XX
	Codebook-based 8Tx PUSCH—codebook type(s) for TDMed 8TX SRS
	1. Supported codebook type(s) for TDMed 8TX SRS

2. Support of (N1, N2) for codebook-based 8Tx PUSCH—codebook1
	40-7-1
	Yes
	n/a
	Supported codebook type(s) of codebook-based 8Tx PUSCH for TDMed 8TX SRS is not supported
	Per 
FSPC
	No
	No
	No
	Component 1 candidate value: Combination (including empty) of {codebook1, codebook2, codebook3, codebook4}

Component 2 candidate value: {N/A, (4,1), (2,2), both}

A UE that supports Component 3 of FG 40-7-1 as “TDM and noTDM” must support this FG.
	Optional with capability signaling




2.6 [bookmark: _Toc131604774]UL precoding indication for multi-panel transmission
When the UE can support multi-DCI based STx2P PUSCH+PUSCH, the UE will prepare two TBs in parallel to transmit both PUSCH simultaneously. However, depending on UE’s capability for processing time, additional timeline may be required. Therefore, new processing capability for additional timeline of multi-DCI based STx2P PUSCH+PUSCH can be introduced as follow:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Consequence if the feature is not supported by the UE
	Type
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	40-6-3a-1
	UE STxMP processing capability for codebook
	1. Require additional timeline to process multiple TBs for codebook multi-DCI based STx2P PUSCH+PUSCH for DG+DG
Note. This FG can be applied for CG+DG also if UE can support those FG. 
	40-6-3a
	UE should process multiple TBs within legacy timeline
	Per FSPC
	FR2 only
	
candidate values: 
UE reports candidate value independently for each SCS in unit of symbols 

For 15kHz SCS: {1,2}
For 30kHz SCS: {1,2,4}
For 60kHz SCS: {2,4,8}
For 120kHz SCS: {4,8,16}
For 480kHz SCS: {16,32,64}
For 960kHz SCS: {32,64,128}

	Optional with capability signalling

	40-6-3b-2
	UE STxMP processing capability for noncodebook
	1. Require additional timeline to process multiple TBs for noncodebook multi-DCI based STx2P PUSCH+PUSCH for DG+DG
Note. This FG can be applied for CG+DG also if UE can support those FG.
	40-6-3b
	UE should process multiple TBs within legacy timeline
	Per FSPC
	FR2 only
	candidate values: 
UE reports candidate value independently for each SCS in unit of symbols 

For 15kHz SCS: {1,2}
For 30kHz SCS: {1,2,4}
For 60kHz SCS: {2,4,8}
For 120kHz SCS: {4,8,16}
For 480kHz SCS: {16,32,64}
For 960kHz SCS: {32,64,128}

	Optional with capability signalling



Proposal 9: Introduce new processing capability for additional timeline of multi-DCI based STx2P PUSCH+PUSCH as follow:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Consequence if the feature is not supported by the UE
	Type
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	40-6-3a-1
	UE STxMP processing capability for codebook
	1. Require additional timeline to process multiple TBs for codebook multi-DCI based STx2P PUSCH+PUSCH for DG+DG
Note. This FG can be applied for CG+DG also if UE can support those FG. 
	40-6-3a
	UE should process multiple TBs within legacy timeline
	Per FSPC
	FR2 only
	candidate values: 
UE reports candidate value independently for each SCS in unit of symbols 

For 15kHz SCS: {1,2}
For 30kHz SCS: {1,2,4}
For 60kHz SCS: {2,4,8}
For 120kHz SCS: {4,8,16}
For 480kHz SCS: {16,32,64}
For 960kHz SCS: {32,64,128}

	Optional with capability signalling

	40-6-3b-2
	UE STxMP processing capability for noncodebook
	1. Require additional timeline to process multiple TBs for noncodebook multi-DCI based STx2P PUSCH+PUSCH for DG+DG
Note. This FG can be applied for CG+DG also if UE can support those FG.
	40-6-3b
	UE should process multiple TBs within legacy timeline
	Per FSPC
	FR2 only
	candidate values: 
UE reports candidate value independently for each SCS in unit of symbols 

For 15kHz SCS: {1,2}
For 30kHz SCS: {1,2,4}
For 60kHz SCS: {2,4,8}
For 120kHz SCS: {4,8,16}
For 480kHz SCS: {16,32,64}
For 960kHz SCS: {32,64,128}

	Optional with capability signalling





3 UE features for NR positioning
Bandwidth aggregation
According to the progress in RAN4 and the LS, the candidate values for the maximum aggregated UL SRS bandwidth in MHz has been suggested from RAN4’s perspective. For FGs 41-4-6, RAN1 shall add the candidate values.
Proposal 10: update FGs 41-4-6 related to SRS bandwidth aggregation as follow (changes in red): 
	41. NR_pos_enh2
	41-4-6
	Positioning SRS bandwidth aggregation 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
	13-8, 6-6
	Yes
	n/a
	Positioning SRS bandwidth aggregation 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}

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

Note: A UE that support FG 13-8a must signal a non-zero value for components 6 and 7 for aperiodic

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.
	Optional with capability signaling



According to the progress in RAN4 and the LS, the capability on UE power class has been agreed and suggest to added as a UE capability from RAN4’s perspective. For FGs 41-4-7, RAN1 shall add a sub-component on the UE power class.
Proposal 11: update FGs 41-4-7 related to SRS bandwidth aggregation as follow (changes in red): 
	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. UE power class
	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: {80, 100, 160, 200M}
FR2 bands: {50, 100, 200, 400, 600, 800}
For 3 in Component 1:
FR1 bands: {80, 100, 160, 200, 300}
FR2 bands: {50, 100, 200, 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}
For 3 in Component 1:
FR1 bands: {PC2, PC3}


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




4 UE features for NES

- Regarding limits in FG42-x for joint operation of power domain and spatial domain adaptation
It was agreed in RAN1#116 to introduce FG42-x for joint operation of power domain and spatial domain adaptation. The remaining issue is how to determine limits for the joint operation. If a UE has different capabilities between SD and PD adaptation, i.e., different values for corresponding components between SD and PD adaptation, we prefer to set the limit as a minimum one between different values in order to minimize UE burden.
Proposal 12: Add a note in FG 42-x for joint operation of power and spatial domain adaptation that ‘Note: The limit for the joint operation is set as a minimum between values for corresponding components in each SD and PD adaptation’.
- Regarding FFS in Prerequisite feature groups for FG42-1, FG42-1a/b/c, FG42-2 and FG42-2a/b/c
FG2-33 and FG2-35 can be reused for all FGs related to SD and PD adaptation as baseline. Hence we suggest to include FG2-33 and FG2-35 as prerequisite feature groups of all FGs related to SD and PD adaptation.
Proposal 13: For all FGs related to SD and PD adaptation, add FG2-33 and FG2-35 as prerequisite feature groups.
- Regarding Component 9 in FG42-1, FG42-1a/b/c, FG42-2, FG42-2b and Component 8 in FG42-2a/c
Regarding the component 8/9 (“the total number of reporting setting”) in FGs, it is clear that the value is for each report type, and this is associated with UE capability defined in FG2-35. The value of component 8/9 will be used instead of the values for component 1 and 2 in FG2-35, when CSI reporting with sub-configuration for SD and PD adaptation is configured. In case of UE is configured with Rel-18 NES CSI report and legacy CSI report, to be clear the intention of component 8/9, we propose to add Note for component 9 (in FG42-1, FG42-1a/b/c, FG42-2 and FG42-2b) and component 8 (in FG42-2a/c).
Proposal 14:
- Add a note in FG42-1, FG42-1a/b/c, FG42-2 and FG42-2b that ‘Note: the value reported in component 9 is used instead of the values in FG2-35 for BWP when CSI report configuration in the BWP includes report setting(s) with sub-configurations’.
- Add a note in FG42-2a/c that ‘Note: the value reported in component 8 is used instead of the values in FG2-35 for BWP when CSI report configuration in the BWP includes report setting(s) with sub-configurations’.
- Regarding limits in FG42-1a/c and FG42-2a/c when PUCCH and PUSCH are configured
It was agreed in RAN1#116 that FG42-1a and FG42-2a are further split for PUCCH and PUSCH, respectively. The remaining issue is how to determine limits when PUCCH and PUSCH are configured for BWP. We’d like to avoid that both FG42-1a/c have component 9 and both FG42-2a/c have component 8 implying that the number of sub-configurations are counted towards separate limits for PUCCH and PUSCH, which is undesirable for UE complexity.
Proposal 15:
- Add a note in FG42-1a/c that ‘Note: A UE shall declare the same value for component 9 to indicate the combined total limit for PUCCH and PUSCH’.
- Add a note in FG42-2a/c that ‘Note: A UE shall declare the same value for component 8 to indicate the combined total limit for PUCCH and PUSCH’.

- Regarding Component 4, 5, 6, 7 in FG42-1, 42-1a/b/c, 42-2, 42-2b and Component 3, 4, 5, 6 in FG42-2a/c
First of all, it is clear the values in Component 4, 5, 6, 7 in FG42-1, 42-1a/b/c, 42-2, 42-2b and Component 3, 4, 5, 6 in FG42-2a/c are related to Component 4, 5, 6, 7 in FG2-33. Those values in Rel-18 FGs will be used instead of the values for Component 4~7 in FG2-33, when CSI reporting setting(s) with sub-configurations is configured. In case of UE is configured with Rel-18 NES CSI report and legacy CSI report, to be clear the intention of Rel-18 FGs, we propose to add Note for FG42-1, FG42-1a/b/c, FG42-2, FG42-2b and FG42-2a/c.
Proposal 16:
- Add the following notes in FG42-1, 42-1a/b/c, 42-2, 42-2b:
    = ‘The value reported in component 4 or 5 is used for CC when CSI report configuration in the active BWP of the CC includes report setting(s) with sub-configurations’.
    = ‘The value reported in component 6 or 7 is used when CSI report configuration in the active BWP of any CC includes report setting(s) with sub-configurations’
-  Add the following notes in 42-2a/c: 
    = ‘The value reported in component 3 or 4 is used for CC when CSI report configuration in the active BWP of the CC includes report setting(s) with sub-configurations’.
    = ‘The value reported in component 5 or 6 is used when CSI report configuration in the active BWP of any CC includes report setting(s) with sub-configurations’
In terms of components related to maximum number of simultaneous NZP-CSI-RS resource and maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC or in active BWPs across all CCs, it is still unclear how to determine maximum value and how to count number of simultaneous NZP-CSI-RS resource and CSI-RS ports per CC or in active BWPs across all CCs not only when both Rel-18 CSI report and legacy CSI report are configured but also when different types of adaptations or CSI reporting are configured on each CCs and/or each active BWPs in a CC. First, to count NZP-CSI-RS resource and CSI-RS ports, it would be reasonable to count all NZP-CSI-RS resource and CSI-RS ports for legacy reporting settings, Rel-18 reporting settings across all reporting types and all types of adaptation which is similar as component 9 of FG42-1, FG42-1a/b/c, FG42-2, FG42-2b. 
Regarding to determine maximum value of components, we propose to use one value for all these FGs. It would be straightforward way to inherit the philosophy applied for FG2-33 which is a legacy counterpart of all of FG42-1, 42-1a/b/c, 42-2, 42-2a/b/c.
Proposal 17: 
Add a note in all FGs that ‘Note: For components 4~7 in FG42-1, 42-1a/b/c, 42-2, 42-2b and components 3~6 in FG42-2a/c, NZP-CSI-RS resource and CSI-RS ports are counted for legacy reporting settings, Rel-18 reporting settings across all reporting types and all types of adaptation. The UE shall declare the same value in all of FG42-1, 42-1a/b/c, 42-2, 42-2a/b/c to indicate the combined total limit across legacy reporting settings plus all Rel-18 reporting types and adaptation methods the UE supports’.

5 UE features for NR-NTN

FG 44-1

The remaining issue is whether this feature applies to both TN and NTN. While it is understood that FG44-1 can be applied to TN without any modifications, it should be noted that the enhancement is not targeted for TN within the NTN WID. If certain operators desire this feature for their networks, then we are willing to accept. However, if there is no such demand, it would be premature to discuss this matter at present. We can further address this issue during the Rel-19 TEI scope if necessary.

Proposal 18: Confirm the following note in 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
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