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Introduction
This contribution provides Samsung’s view regarding UE features for Rel-18 NR MIMO evolution.
During Rel-18 MIMO discussion, RAN1 agreed on remarkable enhancements possibly requesting more complicated UE operation than Rel-17. Some of features are already agreed to bring new UE capabilities: 
	Agreement
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1

Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability

Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter N4 (length of DFT vector, unit-less), support 8 as an additional candidate value
· FFS (by RAN1#112): Whether any of the following additional candidate values are supported: 3, 5, 16, 32
· The candidate values supported by UE are reported via UE capability (details can be discussed in UE feature). 



Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, down-select from the following alternatives:
· Alt1. The value of Y is gNB-configured via higher-layer (RRC) signalling
· Alt2. The value of Y follows the delays from the configured TRS resource
· Alt3. The value of Y is UE-selected and reported 
The value of Y is a UE capability

Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.

Agreement
For SRS interference randomization, support one from the following options (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
· FFS: details on UE capability and signaling 

Agreement
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability

Agreement
Whether SRS comb offset hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.
· FFS: Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design. 
· FFS: UE feature/capability design details.

Agreement
To support indicating DMRS ports in different CDM groups for layer combination {1+2} in SDM
· Add new entry {0, 2, 3} to the DMRS table for the layer combination {1+2}; 
· This is optional UE capability for UE that supports sDCI based STxMP SDM

Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

Agreement
For SRI and/or transmitter precoder matrix indication for codebook-based uplink transmission by an 8TX UE, study
· Whether/how to indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· Whether/how to extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· Whether/how to separate/joint indication of rank and precoding information.
· Whether/how to indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication

Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
1. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
1. This can be used for other UE Power Classes as well.

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)`
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Agreement
For STxMP PUSCH+PUSCH transmission in multi-DCI based system:
· The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subject to UE capability


There are more of RAN1 agreements put FFS on introduction of new UE capabilities, and some of the agreed or discussed UE parameters are aligned on their existence or configuration. In this contribution, we discuss all the Rel-18 MIMO related UE capabilities together, and propose whether and how to define new UE capabilities.

[bookmark: _Toc131604766]Multi-TRP enhancement
1.1 Unified TCI framework extension for multi-TRP
In RAN1#113, the following FGs for the unified TCI framework extension for multi-TRP (eUTCI) were discussed [1] and further discussion will be continued in RAN1#114. We would like to provide our views on UE features for Rel-18 eUTCI based on Table. 1 below.

Table. 1: Discussed feature groups for Rel-18 eUTCI
	Index
	Feature group
	Components

	40-1-1
	Unified TCI with joint DL/UL TCI update for single-DCI based multi-TRP with single activated TCI codepoint per CC
	FFS: separate rows intra-cell and inter-cell multi-TRP
FFS: separate row for additional support of DCI format 1_1 and 1_2 configured with [TCI selection field]
FFS: what to do/signal about two default beams
FFS: maximum number of configured joint TCI states per CC per BWP
FFS: maximum number of activated joint TCI states across all CCs
FFS: separate row for TRP-specific BFR with unified TCI framework
FFS: what to do/signal about additional support of applying different TCI state of PDSCH, PUCCH or PUSCH from that of the scheduled/activated PDCCH when the UE applies one indicated joint/DL/UL TCI state to the PDSCH, PUCCH or PUSCH

	40-1-1a
	Unified TCI with joint DL/UL TCI update for single-DCI based multi-TRP with multiple activated TCI codepoints per CC
	FFS: separate rows intra-cell and inter-cell multi-TRP
FFS: separate row for additional support of DCI format 1_1 and 1_2 configured with [TCI selection field]
FFS: what to do/signal about two default beams
FFS: maximum number of activated joint TCI states per CC

	40-1-2
	Unified TCI with separate DL/UL TCI update for single-DCI based multi-TRP with single activated TCI codepoint per CC
	FFS: separate rows intra-cell and inter-cell multi-TRP
FFS: separate row for additional support of DCI format 1_1 and 1_2 configured with [TCI selection field]
FFS: what to do/signal about two default beams
FFS: maximum number of activated DL TCI states per CC
FFS: maximum number of activated UL TCI states per CC
FFS: separate row for TRP-specific BFR with unified TCI framework

	40-1-2a
	Unified TCI with separate DL/UL TCI update for single-DCI based multi-TRP with multiple activated TCI codepoints per CC
	FFS: separate rows intra-cell and inter-cell multi-TRP
FFS: separate row for additional support of DCI format 1_1 and 1_2 configured with [TCI selection field]
FFS: what to do/signal about two default beams

	40-1-3
	Per aperiodic CSI-RS resource/resource set configuration for TCI selection in S-DCI based MTRP
	FFS: separate rows for resource set 

	40-1-4
	Support of two TCI states for CJT Tx scheme for PDSCH
	FFS: how to signal QCL subset 

	40-1-7
	Unified TCI with joint DL/UL TCI update for multi-DCI based multi-TRP with single activated TCI codepoint per CORESETPoolIndex per CC
	

	40-1-7a
	Unified TCI with joint DL/UL TCI update for multi-DCI based multi-TRP with multiple activated TCI codepoints per CORESETPoolIndex per CC
	

	40-1-9
	Unified TCI with separate DL/UL TCI update for multi-DCI based multi-TRP with single activated TCI codepoint per CORESETPoolIndex per CC
	

	40-1-9a
	Unified TCI with separate DL/UL TCI update for multi-DCI based multi-TRP with multiple activated TCI codepoints per CORESETPoolIndex per CC
	

	40-1-12
	Common multi-CC TCI state ID update and activation for single-DCI based multi-TRP
	

	40-1-13
	Common multi-CC TCI state ID update and activation for multi-DCI based multi-TRP
	



Dynamic TRP(s) selection/switching
Two FFSs in the above table related to dynamic TRP(s) selection/switching for single-DCI based MTRP need to be resolved. They are:
· FFS: separate row for additional support of DCI format 1_1 and 1_2 configured with [TCI selection field]
· FFS: what to do/signal about additional support of applying different TCI state of PDSCH, PUCCH or PUSCH from that of the scheduled/activated PDCCH when the UE applies one indicated joint/DL/UL TCI state to the PDSCH, PUCCH or PUSCH
The related RAN1 agreements corresponding to the above two FFSs are provided below:
	Agreement (PDCCH)
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, support the following:
· Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)

Agreement (PDSCH)
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value
Agreement
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] can be RRC-configured per DL BWP
· FFS: Whether the presence of the [TCI selection field] can be configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP

Agreement (PUCCH)
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design

Agreement (PUSCH)
On unified TCI framework extension for S-DCI based MTRP, when two SRS resource sets for CB/NCB are configured, support the followings for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 (including DG and Type2 CG):
· If the DCI format 0_1/0_2 indicates codepoint "00" for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "01" for the existing SRS resource set indicator, the UE shall apply the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB (note: the association between an SRS resource set for CB/NCB and PUSCH transmission occasions(s) is defined according to TS 38.214)
· FFS: SDM and SFN based PUSCH Tx schemes
FFS: The case that the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applied to a PUSCH transmission is different from the spatial Tx filter(s) used for the SRS transmission corresponding to the SRS resource(s) indicated to the PUSCH transmission



According to the RAN1 agreements presented above, as different signalling mediums/methods – RRC configurations for control channels and DCI indicators for shared channels – are applied for different channels, same or different beams can be used for PDCCH/PDSCH receptions and PUCCH/PUSCH transmissions. For instance, a RRC configuration is used to inform the UE which of the indicated TCI states/beams to use for PDCCH reception, while a [TCI selection field] in DCI format 1_1/1_2 is used to inform the UE which of the indicated TCI states/beams to use for PDSCH reception (similar settings for uplink transmissions). As the DCI indicator field(s) for shared channels can be absent in the corresponding DCI format(s), e.g., a 0-bit field based on network’s configuration, it would make sense to (i) support the DCI indicator field(s) based on UE capability and (2) differentiate the scenarios of applying the same or different beams for different channels. Based on the above analysis, we propose to address the two FFSs in the above table using two FGs.     

Proposal 1: support the following two FGs (separate rows from the basic FGs) for Rel-18 eUTCI 
· FG 40-1-x: support for TCI selection field in DCI format 1_1/1_2 and SRS resource set indicator in DCI format 0_1/0_2 when dedicated PDCCH shares a same TCI state(s) as at least one of the indicated TCI states for PDSCH/PUCCH/PUSCH.
· FG 40-1-y: support for TCI selection field in DCI format 1_1/1_2 and SRS resource set indicator in DCI format 0_1/0_2 for other cases (note: UE supporting this FG also supports FG 40-1-x).

Maximum number of configured or activated TCI states
In Rel-17, following UE capabilities are defined to share UE’s capability on number of supported TCI state: 
· unifiedJointTCI-r17
· maxConfiguredJointTCI-r17 
:indicates the maximum number of configured joint TCI states per BWP per CC in a band
· maxActivatedTCIAcrossCC-r17 
:indicates the maximum number of MAC-CE activated joint TCI states across all CC(s) in a band
· unifiedSeparateTCI-r17
· maxConfiguredDL-TCI-r17 
:indicates the maximum number of configured DL TCI states per BWP per CC
· maxConfiguredUL-TCI-r17
: indicates the maximum number of configured UL TCI states per BWP per CC
· maxActivatedDL-TCIAcrossCC-r17
: indicates the maximum number of MAC-CE activated DL TCI states across all CC(s) in a band
· maxActivatedUL-TCIAcrossCC-r17
: indicates the maximum number of MAC-CE activated UL TCI states across all CC(s) in a band
The parameters above define the number of TCI state UE supports when UE is connected in sTRP mode. Though RAN1 did not make final decision yet on supported number unified TCI state for mTRP mode operation, it should be a common sense that UE may need more of TCI states to be activated and possibly to be configured. Unless the number of supported active TCI state is reduced per connected TRP. 

Observation 1: Support of mTRP operation via unified TCI framework may request UE to support more of TCI state in total, not to reduce number of supported TCI states per TRP. 
There should be two different ways of defining total number of supported TCI states based on Rel-17 capability. First, the total number of supported TCI state of UE is informed as UE capability and network should define number of configured or activated TCI states per TRP separately. Or as second approach, network understand the reported UE capability as a number of TCI states supported per TRP. Considering that no clear motivation to support more of active TCI state per TRP, compared with Rel-17, we prefer 2nd approach. The 1st approach may also need more cooperation between TRPs in case of MDCI based operation. If different numbers of activated TCI state are supported for sTRP and mTRP, RAN1 may define two separated UE capability for each case, or RAN1 may define new UE capability informing number of supported TCI states with clear notification whether the number is a total or per TRP.
Proposal 2: RAN1 increase the maximum number of activated TCI state per CC either by defining larger value for the current UE capability, or by defining the capability as per TRP
Beam application latency
In Rel-18 design, UE has two of indicated beam, 1st TCI state and 2nd TCI state. In case of MPUE, UE has one indicated TCI state per panel, and application of indicated TCI state may mean switching of UE panel, not changing of UE shaped beam. In that sense, the latency at UE beam application ordered by Rel-18 eUTCI could be different with the case ordered by Rel-17 UTCI. Based on this observation, there were discussion whether to introduce new timing threshold defining UE beam switching latency. But as captured above, the actual latency should depend on required UE operation which could be sometime blinded to gNB. Therefore, we propose not to define new UE capability on UE beam switching or UE panel switching latency
Proposal 3: RAN1 does not define new UE capability for Re-18 UE beam switching latency or panel switching latency.
Application of TCI state for CSI-RS
In RAN1 #112b-e, it is agreed that CSI-RS can be associated with 1st or 2nd TCI state either per resource or per resource set depending on UE’s capability:
	Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability



As agreed, it is up to UE capability whether applicable TCI state is configured per CSI-RS resource or CSI-RS resource set. In our perspective, per resource is more general way actually covering per resource set, and pre resource set is allowed to release more simplified UE operation. So we propose to define per resource set as default mode of UE operation claying easier UE operation:

Proposal 4: As a default UE capability, application of 1st or 2nd indicated TCI state is configured per CSI-RS resource set. 
Application of TCI state for CJT
As agreed in RAN1 #110b-e, we need new UE capability informing whether 1 or 2 joint TCI state can be applied for CJT. 
	Agreement
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1



In the discussion, RAN1 defined alternatives on how UE understand the indicated TCI state, and it seems supporting of two TCI states should be the major case:
	Agreement
On unified TCI framework extension for S-DCI based MTRP, the following two alternatives are supported for PDSCH-CJT applying both indicated joint TCI states (if the UE supports two indicated joint/DL states for PDSCH-CJT):
· Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state
Introduce a UE capability on which alternative(s) is supported, and either one of above alternatives can be configured by RRC according to the UE capability
Note: In Rel-18, RAN1 has no consensus to support Alt3
· Alt3: PDSCH DMRS port(s) is QCLed with the DL RS of the first indicated joint TCI state with respect to QCL-TypeA and QCLed with the DL RS of the second indicated joint TCI state with respect to QCL-TypeB


So we propose to define support of 2 TCI states as default UE capability, if UE is supporting Rel-18 CJT. 

Proposal 5: Define UE capability support of Rel-18 CJT including number of supported TCI states for CJT
· If number of supported TCI state is not reported, network assumes 2 TCI states as UE’s support
RAN1 has agreed to support Alt1 and/or Alt2 as UE’s capability, and discuss whether one of the alternative is defined as a default UE capability.

Proposal 6: Define UE capability indicating which of listed alternatives supported on UE’s application of QCL of indicated two TCI states for CJT operation.
1.2 Two TAs for multi-DCI
Reference timing 
For the number of reference timing, two alternatives were agreed and alt 1 was final down selection 
	Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 

Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected



Therefore, we do not see there is a UE supporting only one reference timing while supporting multiple TA for serving cell. We propose not to define separated UE capability on supported number of reference timing.

Proposal 7: RAN1 does not define separated UE capability on number of supported reference timing
· Network assumes two reference timing is supported for a UE reporting capability of multiple TA/TAG for serving cell. 

As aligned approach with another agreement, we propose to define a new capability of supporting timing difference larger than CP. We also propose to define a default UE capability of not supporting timing difference large than CP.

Proposal 8: Define a new UE capability of supporting Rx timing difference larger than CP
· As a default, Rx timing difference larger than CP is not supported, if parameter is not reported

[bookmark: _Toc131604769]CSI enhancement
CJT: 
A new feature group (e.g., FG 40-3-1-A) for  and Z/Z’ is needed based on the agreements below. Our preference is to have  for OCPU = X.NTRP, based on the analysis in our tdoc on 9.1.2 [2], where the  is defined based on UE capabilities and determined by the UE.
· Support  if , or  if 

Regarding Z/Z’, based on the agreements below, Capability 1 and Capability 2 need to be supported via another FG.

	[113] Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the CPU occupation: OCPU = X.NTRP where 
· X≥1 when NTRP>1, is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X are common or can depend on the value of NTRP, NL, total sum of {Ln}, and/or other CJT features (e.g. dynamic TRP selection)
· The legacy specification on CPU pools is fully reused
· Note: When NTRP=1 is configured, legacy OCPU applies, i.e. OCPU =1

[113] Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding Z/Z’:
· For NTRP=1: reuse legacy Z/Z’ values
· For NTRP>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Legacy Z/Z’ values + r  
· The value(s) of r>0 can depend on the configured NTRP value
· FFS: exact value(s) of r
Note: Since this pertains Type-II, the relevant values are Z2/Z2’



Doppler: 

FG 40-3-2-1 and FG 40-3-2-4: for consistency across different FGs, it is preferred to use the one wording ‘Doppler measurement’ or ‘Doppler codebook’. Our preference is to use the latter since this enhancement is mainly about Doppler codebook.
· Replace ‘Doppler measurement’ with ‘Doppler codebook’

FG 40-3-2-3: two rows can be merged into one, and it needs to be clarified that X is the number of time-domain CQIs
· Support X=1 time-domain CQI based on averaging first and last slot of WCSI, for Rel-16-based doppler codebook
· Support X=2 time-domain CQIs based on 2 slots for Rel-16-based doppler codebook
(New) FG 40-3-2-A: Support of K=12 aperiodic NZP CSI-RS resources (according to the agreement below) 
	[112] Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter K (the number of AP-CSI-RS resources for the CMR), optionally support only K=12 as an additional candidate value



(New) FG 40-3-2-B: Support of L=6 (according to the agreement below)
	[112bis-e] Agreement
For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, at least the following Parameter Combinations are supported 
…
Note: From legacy. For L=6, the same restriction and UE optionality as legacy apply



A new feature group (e.g., FG 40-3-2-C) for  and Z/Z’ is needed based on the agreements below. Our preference is to have  for OCPU = Y.N4 when P/SP-CSI-RS is configured for CMR, and  for OCPU = Y.K, when AP-CSI-RS is configured for CMR, based on the analysis in our tdoc on 9.1.2 [2], where the  is defined based on UE capabilities and determined by the UE.
· Support  when P/SP CSI-RS is configured for CMR, and
· Support  when AP CSI-RS is configured for CMR.

Regarding Z/Z’, based on the agreements below, Capability 1 and Capability 2 need to be supported via another FG.

	[113] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the CPU occupation: OCPU = Y.N4 when P/SP-CSI-RS is configured for CMR, or OCPU = Y.K when AP-CSI-RS is configured for CMR
· Y≥1 is defined based on UE capabilities and determined by the UE, and can be different between P/SP-CSI-RS and AP-CSI-RS. 
· FFS: Whether the supported value(s) of Y can depend on codebook parameter values
· The legacy specification on CPU pools is fully reused
· When N4=1, OCPU =4
· OCPU ≥ 4 when P/SP-CSI-RS is configured for CMR

[113] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z/Z’
· For N4=1: reuse legacy Z’ values
· For N4>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z’ values
· Capability 2: Legacy Z’ values + r  
· The value(s) of r>0 can depend on the configured N4 value
· FFS: exact value(s) of r
Note: Since this pertains Type-II, the relevant values are Z2/Z2’
[113] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z
· Based on the two UE capabilities agreed for Z’: 
· Capability 1: 
· For AP CSI-RS: Z=legacy Z+14.(K–1).m 
· For P/SP CSI-RS: Z= legacy Z+w where w>0 
· TBD: Value of w
· Capability 2: 
· For AP CSI-RS: Z= legacy Z+14.(K–1).m + r
· For P/SP CSI-RS: Z= legacy Z+w+r 
· Note: r corresponds to the agreed value for Z’ relaxation in previous agreement.
Note: Since this pertains Type-II, the relevant values are Z2/Z2’



TDCP:
FG 40-3-3-2: according to the RAN1 agreements, the following need to be included as candidate values for Y.
· Y = {2,3,4}
· Y=1 and delay > D_basic = 1 slot   

FG 40-3-3-4: according to the RAN1 agreement, the phase reporting applies to the case when Y>1. This condition needs to be added.

FG 40-3-3-6: the maximum value of  is an open point. In legacy CSI reporting setting, only  CSI resource set can be configured for CSI/beam report, and  CSI resource sets can be configured for group-based beam report, i.e., there is no legacy CSI report configuration with  CSI resource sets. In legacy TRS configuration, the maximum number of TRS resource sets can be larger than 2 (relevant text from 38.331 is copied below). Allowing a value KTRS >2 therefore would require enhancing legacy CSI report configuration. Besides, the need for supporting KTRS >2 is unclear considering that we only support  and can have up to 4 CSI-RS resources in a TRS resource set. Finally, a large value such as KTRS >2 is also undesired from UE complexity perspective as it would require more CSI calculation time and occupy more CPUs. We therefore propose to support KTRS =1,2 only, and the value KTRS =2 should be subject to UE capability.  

	SIB17-IEs-r17 ::=           SEQUENCE {
    trs-ResourceSetConfig-r17   SEQUENCE (SIZE (1..maxNrofTRS-ResourceSets-r17)) OF TRS-ResourceSet-r17,

maxNrofTRS-ResourceSets-r17             INTEGER ::= 64      -- Maximum number of TRS resource sets

CSI-RS-ForTracking ::=              SEQUENCE {
    maxBurstLength                      INTEGER (1..2),
    maxSimultaneousResourceSetsPerCC    INTEGER (1..8),
    maxConfiguredResourceSetsPerCC      INTEGER (1..64),
    maxConfiguredResourceSetsAllCC      INTEGER (1..256)
}



A new feature group (e.g., FG 40-3-3-A) for Ocpu and Z/Z’ is needed based on the agreements below. Our preference is to have  when  delay values , and  when  delay values  (in slots), based on the analysis in our tdoc on 9.1.2 [2], where the  is defined based on UE capabilities and determined by the UE.
· Support  when delay values  and
· Support  when delay values  (in slots).

	[113] Agreement
For the Rel-18 TRS-based TDCP reporting, when Y delay(s) are configured
· OCPU=(Y+1).X where X≥1 is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X can depend on the value of D, and whether phase reporting is switched ON
· Reuse legacy Z2/Z2’ values
· To count active resources used for TDCP reporting, reuse the legacy counting mechanism for CSI-RS resources 
· UE reports the maximum number of active resources for TDCP in UE capability reporting.



Proposal 9: 
· For CJT,
· (New) FG 40-3-1-A for Ocpu
· Support  if ,
· (New) FG 40-3-1-B for Z/Z’
· Support Capability 1 and Capability 2 as the relevant agreements stated
· For Doppler
· FG 40-3-2-1 and FG 40-3-2-4: replace ‘Doppler measurement’ with ‘Doppler codebook’
· FG 40-3-2-3: two rows are merged into one, and clarify the following regarding the number of time-domain CQIs (X)
· Support X=1 time-domain CQI based on averaging first and last slot of WCSI, for Rel-16-based doppler codebook
· Support X=2 time-domain CQIs based on 2 slots for Rel-16-based doppler codebook
· (New) FG 40-3-2-A: Support of K=12 aperiodic NZP CSI-RS resources 
· (New) FG 40-3-2-B: Support of L=6 
· (New) FG 40-3-2-C for Ocpu
· Support  when P/SP CSI-RS is configured for CMR, and
· Support  when AP CSI-RS is configured for CMR.
· (New) FG 40-3-2-D for Z/Z’
· Support Capability 1 and Capability 2 as the relevant agreements stated

· For TDCP,
· FG 40-3-3-2: candidate values for Y
· Y = {2,3,4}
· Y=1 and delay > D_basic = 1 slot   
· FG 40-3-3-4: support of phase report when Y>1
· FG 40-3-3-6: the max value of KTRS is 2.
· (New) FG 40-3-3-A for 
· Support  when delay values  and
· Support  when delay values  (in slots).
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1.3 Increased number of orthogonal DMRS ports (Including increasing orthogonal DMRS ports for UL/DL MU-MIMO and 8 Tx UL SU-MIMO)

In RAN1#113, the following FGs are discussed [1] and further discussion will be continued in RAN1#114. We would like to provide our views on UE features for Rel-18 DMRS enhancement based on Table. 2 below.

Table. 2: Discussed feature groups for Rel-18 DMRS enhancement
	Index
	Feature group
	Components

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

	1) Support 1 symbol FL DMRS without additional symbol(s)  
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol 
[3) DL PTRS RE mapping for Rel.18 enhanced DMRS ports for PDSCH with rank 1-4]
[4) Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port.]

	40-4-1a
	Basic feature of Rel.18 enhanced DMRS ports for PDSCH for mapping type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol

	40-4-1b
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port for Rel.18 enhanced DMRS ports for PDSCH
	

	40-4-1c
	Support alternative additional DMRS position for co-existence with LTE CRS for Rel.18 enhanced DMRS ports for PDSCH
	

	40-4-1d
	Support 2 symbols FL-DMRS for Rel.18 enhanced DMRS ports for PDSCH
	

	40-4-1e
	Support 2-symbol FL DMRS + one additional 2-symbols DMRS for Rel.18 enhanced DMRS ports for PDSCH
	

	40-4-1f
	Support 1 symbol FL DMRS and 3 additional DMRS symbols for Rel.18 enhanced DMRS ports for PDSCH
	

	40-4-1g
	Support enhanced DMRS {type 1, both type 1 and type 2} for PDSCH
	

	40-4-4
	Reception of PDSCH without the scheduling restriction for Rel.18 eType1 DMRS ports
	

	40-4-5
	Support Rel-18 DL DMRS with single DCI based M-TRP
	FFS: separate row for Additional row(s) of Rel.18 DMRS ports for single-DCI based M-TRP

	40-4-5b
	Support Rel-18 DL DMRS with M-DCI based M-TRP
	

	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]
[4) UL PTRS RE mapping for Rel.18 enhanced DMRS ports for PUSCH with rank 1-4]

	40-4-6a
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type B 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 symbol

	40-4-6b
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port for Rel.18 enhanced DMRS ports for PUSCH
	

	40-4-6c
	Support DMRS type (uplink) for Rel.18 enhanced DMRS ports for PUSCH
	Support DMRS {type 1, both type 1 and type 2}

	40-4-6d
	Supported 2 symbols front-loaded DMRS (uplink) for Rel.18 enhanced DMRS ports for PUSCH
	

	40-4-6e
	Support 2-symbol FL DMRS + one additional 2-symbols DMRS for Rel.18 enhanced DMRS ports for PUSCH
	

	40-4-6f
	Support 1 symbol FL DMRS and 3 additional DMRS symbols for Rel.18 enhanced DMRS ports for PUSCH
	

	40-4-10
	DMRS port configuration for PUSCH with rank 5-8
	Candidate values: {Rel. 15 DMRS, Rel. 18 DMRs, borh}

	40-4-12
	UL PTRS for PUSCH with rank 5-8
	



Basic structure on Rel-18 DMRS eType-I/II for PDSCH
As we proposed, the basic structure of UE features for Rel-18 DMRS eType-I/II for PDSCH are totally reused by Rel-15 DMRS Type-I/II for PDSCH, at least for FGs and components. Hence, we think that corresponding pre-requisite, type, and note can be also reused as much as possible. Having said that, we would like to propose the following FGs with pre-requisite, type, and note.
In addition, we would like to show our views on each FG as follows:
· FG 40-4-1: Basic feature of Rel.18 enhanced DMRS for PDSCH for mapping type A
· Regarding component 3) highlighted as yellow above, we support to define as separate FG for supporting DL PTRS for Rel-18 enhanced DMRS since there is no such component in basic feature of Rel-15 DMRS for PDSCH mapping type A and PTRS related feature is defined separately.
· Regarding component 4) highlighted as yellow above, we support to capture as a component in FG 40-4-1 which is same as basic feature of Rel-15 DMRS for PDSCH mapping type A.

Proposal 10: Support the following table of Rel-18 DMRS eType-I/II for PDSCH by re-using the structure of Rel-15 DMRS Type-I/II for PDSCH as much as possible.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-1
	Basic feature of Rel.18 enhanced DMRS for PDSCH for mapping 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.
	
	Per FS
	

	40-4-1a
	Basic feature of Rel.18 enhanced DMRS for PDSCH for mapping type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	
	Per FS
	

	40-4-1b
	Support 1+2 symbols Rel.18 enhanced DMRS for PDSCH
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Per FS
	

	40-4-1c
	Support alternative additional DMRS position for Rel.18 enhanced DMRS for PDSCH
	Support alternative additional DMRS position for co-existence with LTE CRS for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1, 5-28
	Per FS
	

	40-4-1d
	Support 2 symbols front-loaded Rel.18 enhanced DMRS for PDSCH
	Support 2 symbols FL DMRS for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Per FS
	

	40-4-1e
	Support 2 symbols front-loaded + 2 symbols additional Rel.18 enhanced DMRS for PDSCH
	Support 2-symbol FL DMRS + one additional 2-symbols DMRS for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Per FS
	

	40-4-1f
	Support 1+3 symbols Rel.18 enhanced DMRS symbols for PDSCH
	Support 1 symbol FL DMRS and 3 additional DMRS symbols for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Per FS
	

	40-4-1g
	Support Rel.18 enhanced DMRS type for PDSCH
	
	
	Per FS
	Candidate value: {type1, both type 1 and type 2}



In addition to the basic structure of Rel-18 DMRS eType-I/II, based on UE feature structure for Rel-15 DMRS, we think that at least the following UE features would be defined.

Handling orphan RE problem for Rel-18 DMRS eType-I

In RAN1#110b-e, a UE capability handling orphan RE problem (e.g., if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) was introduced, and the corresponding agreement is as follows:

	Agreement in RAN1#110b-e
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.



As in Table. 2, FG 40-4-4 was defined and discussed for supporting “orphan RE” handling. More details are needed to be discussed as follows:
· For pre-requisite, our view is that at least an FG supporting Rel-18 DMRS eType-I is needed. Hence, FG 40-4-1g is appropriate for pre-requisite.
· For type, similar with other DMRS related FGs, it can be reported by per FS.
· For note, the scheduling restriction in the above agreement if this FG is not reported can be captured.
Also, since single-DCI based multi-TRP scheme is also scheduled by using Rel-18 DMRS eType-I, we can define additional scheduling restriction for single-DCI based multi-TRP PDSCH transmission with FDM scheme A or B by extending such scheduling restrictions as per each of TRPs or each of indicated TCI states. Since pre-requisite FG would be different, if this extension on single-DCI based multi-TRP with FDM scheme A or B is defined, then separate FG can be defined.

Proposal 11: Support the FGs considering single-TRP PDSCH and single-DCI based FDMSchemeA or FDMSchemeB whether a UE can handle orphan RE problem or not.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-4
	Reception of PDSCH without the scheduling restriction for Rel.18 eType1 DMRS ports
	Support reception of PDSCH without the scheduling restriction for Rel.18 enhanced DMRS type 1
	40-4-1g
	Per FS
	If this FG is not reported, UE expects that gNB shall apply the following frequency domain scheduling restrictions for PDSCH for Rel-18 DMRS eType-I.
· The number of consecutively scheduled PRBs for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.

	40-4-4a
	Reception of PDSCH without the scheduling restriction for Rel.18 eType1 DMRS ports with single-DCI based FDMSchemeA or FDMSchemeB
	Support reception of PDSCH without the scheduling restriction for Rel.18 enhanced DMRS type 1 with single-DCI based FDMSchemeA or FDMSchemeB
	16-2b-2, and/or 16-2b-3, 40-4-1g
	Per FS
	If this FG is not reported, UE expects that gNB shall apply the following frequency domain scheduling restrictions for PDSCH for Rel-18 DMRS eType-I.
· The number of consecutively scheduled PRBs per TCI state for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) per TCI state is even.




Additional rows for S-DCI & M-DCI based M-TRP

In RAN1#112 and RAN1#112b-e, one additional row including DMRS ports as {0, 2, 3}, and number of DMRS CDM group(s) without data as {2} in DMRS port indication table was agreed for Rel-18 DMRS eType-I with maxLength = 1 and 2, and eType-II with maxLength = 1 and 2. Since the related FG including the exact same combination of DMRS ports was agreed for Rel-16 single-DCI based multi-TRP as in FG 16-2b-1b as follows.

	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	16-2b-1b
	Single-DCI based SDM scheme – Support of new DMRS port entry
	1. Support of new DMRS port entry {0, 2, 3}
	16-2b-1
	Per band
	



Our view is that if two different FGs are reported from a UE, then it does not imply that the combined functionality of the two FGs from the UE is always supported. Hence, we think that a dedicate FG supporting certain combinations of DMRS ports at least including DMRS ports {0, 2, 3} for Rel-18 DMRS eType-I/II. Since additional rows for S-DCI based M-TRP are still discussing, we can merge in a single FG supporting additional rows for S-DCI based M-TRP based on Rel-18 DMRS eType-I/II.

Proposal 12: Support a UE capability introducing additional rows of Rel-18 DMRS eType-I/II for supporting multi-TRP schemes as follows.
	Index
	Feature group
	Components
	Pre-requisite
	Reporting granularity
	Note

	40-4-5
	Support Rel-18 DL DMRS with single DCI based M-TRP
	
	16-2b-1, 16-2b-2, 16-2b-3, 16-2b-4, or 16-2b-5
	Per FS
	

	40-4-5a
	Additional row(s) of Rel.18 DMRS ports for single-DCI based M-TRP
	Support of new DMRS port entry {0,2,3}
	16-2b-1, 40-4-5
	Per band
	

	40-4-5b
	Support Rel-18 DL DMRS with M-DCI based M-TRP
	
	16-2a
	Per FSPC
	




The maximum number of different DMRS types for all DCI formats

Since Rel-18 DMRS eType-I/II are introduced, there are 4 different types of DMRSs: Rel-15 DMRS Type-I/II, and Rel-18 DMRS eType-I/II. Given supportable types of DMRS for each different DCI format defined in NR, a UE shall prepare up to 4 different DMRS types whenever the UE receives same or different DCI formats, which could be burden to UE. Hence, our view is that defining the maximum number of different DMRS types considering for all DCI formats as a UE capability could inform to gNB the processing limit of the UE.

Proposal 13: Support a UE capability introducing the maximum number of different DMRS types considering for all DCI formats.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-XX
	Maximum number of different DMRS types for all DCI formats
	
	40-4-1g
	Per FS
	Candidate values: {1, 2, 3, 4}




Basic structure on Rel-18 DMRS eType-I/II for PUSCH
As we proposed, the basic structure of UE features for Rel-18 DMRS eType-I/II for PUSCH are totally reused by Rel-15 DMRS Type-I/II for PUSCH, at least for FGs and components. Hence, we think that corresponding pre-requisite, type, and note can be also reused as much as possible. Having said that, we would like to propose the following FGs with pre-requisite, type, and note.
In addition, we would like to show our views on each FG as follows:
· FG 40-4-6: Basic feature of Rel.18 enhanced DMRS for PUSCH for mapping type A
· Regarding component 1) ~ 3) highlighted as yellow above, we support to capture as a component in FG 40-4-6 which are same as basic feature of Rel-15 DMRS for PUSCH mapping type A.
· Regarding component 4) highlighted as yellow above, we support to define as separate FG for supporting UL PTRS for Rel-18 enhanced DMRS with rank 1-4 since there is no such component in basic feature of Rel-15 DMRS for PUSCH mapping type A and PTRS related feature is defined separately.

Proposal 14: Support the following table of Rel-18 DMRS eType-I/II for PUSCH by re-using the structure of Rel-15 DMRS Type-I/II for PUSCH as much as possible.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-6
	Basic feature of Rel.18 enhanced DMRS for PUSCH for mapping 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 for at least one port.
	
	Per FS
	

	40-4-6a
	Basic feature of Rel.18 enhanced DMRS for PUSCH for mapping type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	
	Per FS
	

	40-4-6b
	Support 1+2 symbols Rel.18 enhanced DMRS for PUSCH
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port for Rel.18 enhanced DMRS ports for PUSCH
	40-4-6, 40-4-6a
	Per FS
	

	40-4-6c
	Support Rel.18 enhanced DMRS type for PUSCH
	
	
	Per FS
	Candidate value: {type1, both type 1 and type 2}

	40-4-6d
	Support 2 symbols front-loaded Rel.18 enhanced DMRS for PUSCH
	Support 2 symbols FL DMRS for Rel.18 enhanced DMRS ports for PUSCH
	40-4-6
	Per FS
	

	40-4-6e
	Support 2 symbols front-loaded + 2 symbols additional Rel.18 enhanced DMRS for PUSCH
	Support 2-symbol FL DMRS + one additional 2-symbols DMRS for Rel.18 enhanced DMRS ports for PUSCH
	40-4-6
	Per FS
	

	40-4-6f
	Support 1+3 symbols Rel.18 enhanced DMRS symbols for PUSCH 
	Support 1 symbol FL DMRS and 3 additional DMRS symbols for Rel.18 enhanced DMRS ports for PUSCH
	40-4-6
	Per FS
	




DMRS for UL 8TX

For DMRS up to 8 layers for supporting UL 8TX, since supported DMRS type is one of parts for supporting UL 8TX, this could be required with having pre-requisite of a basic feature of supporting UL 8TX, which could be discussed and defined in AI 9.1.4.2. Also, in RAN1#110b-e, it was agreed that which DMRS type(s) can be used for PUSCH with more than 4 layers as follows.

	Agreement in RAN1#110b-e
For more than 4 layers SU-MIMO PUSCH, support
· Both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports. 
· For UE supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with either of Rel.15 Type 1/Type 2 DMRS ports or Rel.18 eType 1/eType 2 DMRS ports.
· RRC based indication is supported as the baseline. FFS whether DCI based indication is further needed.
· For UE not supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with Rel.15 Type 1/Type 2 DMRS ports only.


Since a UE supporting Rel-18 DMRS types could be indicated with either Rel-15 or Rel-18 DMRS types, and a UE not supporting Rel-18 DMRS types could be indicated Rel-15 DMRS types only, our view is that a new FG supporting Rel-15 DMRS types with up to 8 layers could be defined as a basic feature for UL 8TX DMRS and can be reported by the UE. On top of that, Rel-18 DMRS types could be additionally reported from the UE, then gNB can indicate either of Rel-15 or Rel-18 DMRS types for supporting up to 8 layers for the UE. Hence, candidate values can include Rel.15 DMRS only, and both Rel.15 and Rel.18 DMRS, and Rel.18 DMRS only is not needed.

Proposal 15: Support the following table of DMRS port configuration for PUSCH with rank 5-8.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-10
	DMRS port configuration for PUSCH with rank 5-8
	
	
	Per FS
	Candidate values: {Rel.15 DMRS only, both Rel.15 DMRS and Rel.18 DMRS}




UL PTRS for PUSCH
Regarding FG 40-4-12 supporting UL PTRS for PUSCH with rank 5-8, our view is that the maximum number of PTRS ports which can be either 1 or 2 can be a component, and FG 2-47 which is a basic PTRS feature and FG 40-4-10 which is DMRS port configuration for PUSCH with rank 5-8 can be pre-requisites.

Proposal 16: Support the following table of UL PTRS for PUSCH with rank 5-8.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-12
	UL PTRS for PUSCH with rank 5-8
	1. Maximum number of PTRS ports
	2-47, 40-4-10
	Per FS
	Candidate values of Component 2: {1, 2}




1.4 [bookmark: _Toc131604772]SRS enhancement targeting TDD CJT and 8 TX operation
In RAN1#113, the following FGs are discussed [1] and further discussion will be continued in RAN1#114. We would like to provide our views on UE features for Rel-18 SRS enhancement targeting TDD CJT and 8TX operation based on Table. 3 below.

Table. 3: Discussed feature groups for Rel-18 SRS enhancement
	Index
	Feature group
	Components

	40-5-1
	SRS comb offset hopping
	

	40-5-2
	SRS cyclic shift hopping
	

	40-5-1b
	SRS comb offset hopping combined with legacy group/sequence hopping
	

	40-5-1a
	Comb offset hopping time-domain behavior when repetition factor R>1
	

	40-5-4
	SRS with 8 Tx ports—antenna switching
	FFS: separate row for comb8

	40-5-4a
	SRS with 8 Tx ports—codebook
	FFS: separate row for comb8

	40-5-6
	SRS with TDMed 8 Tx ports—antenna switching
	FFS: separate row for comb8

	40-5-7
	SRS with TDMed 8 Tx ports—codebook
	FFS: merge with antenna switching



Cyclic shift hopping and Comb-offset hopping
For supporting SRS cyclic shift hopping and comb-offset hopping, separate FG for each hopping scheme has been agreed as in Table. 3. Further, simultaneous configuration of both comb-offset hopping and cyclic shift hopping has been agreed in RAN1#113 based on a separate UE capability and no joint hopping scheme is supported. Hence, three separate FGs are needed as follows. For all three FGs, the applicable SRS is for periodic, semi-persistent, and aperiodic SRS with usage of antenna switching. Also, basic feature for SRS as FG 2-52 is needed as a pre-requisite.

Proposal 17: Support the following table of hopping schemes.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-1
	SRS comb offset hopping
	
	2-52
	Per band
	Applicable for periodic, semi-persistent, and aperiodic SRS with usage of antenna switching

	40-5-2
	SRS cyclic shift hopping
	
	2-52
	Per band
	Applicable for periodic, semi-persistent, and aperiodic SRS with usage of antenna switching

	40-5-XX
	Simultaneous configuration of both SRS comb-offset hopping and SRS cyclic shift hopping
	SRS comb offset hopping and cyclic shift hopping can be configured for a SRS resource at the same time
	2-52, 40-5-1, 40-5-2
	Per band
	No joint scheme between SRS comb-offset and SRS cyclic shift hopping scheme is supported.




Comb offset hopping time-domain behavior when repetition factor R>1
In RAN1#112b-e, it was agreed the UE behavior of comb-offset hopping within R symbols if repetition factor R>1 is configured, as follows. The intention of the agreement was compromise of two alternatives by RRC configuration.
· Hopping behavior 1: depends on the OFDM symbol index l' of each symbol
· Hopping behavior 2: depends on the first symbol across the R repetitions

	Agreement in RAN1#112b-e
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.


In legacy SRS, since frequency domain resources are maintained during R symbols if repetition factor R>1 is configured, we think that the UE feature design shall reflect such legacy UE behavior. In other words, the Hopping behavior 2 above (depends on the first symbol across the R repetitions) can be a default hopping behaviour of comb-offset hopping by a UE, and on top of this, the UE can additionally support Hopping behaviour 1. Hence, we can define a UE feature indicating whether Hopping behavior 2 is only supported, or both Hopping behaviour 1 and 2 can be supported.

Proposal 18: Define a FG supporting hopping behavior of comb-offset hopping with repetition factor R>1.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-1a
	Comb offset hopping time-domain behavior when repetition factor R>1
	1. Support comb-offset hopping time-domain behavior
	2-52, 40-5-1
	Per band
	Hopping behaviour 1: hopping depends on the OFDM symbol index l' of each symbol

Hopping behaviour 2: hopping depends on the 1st symbol across the R repetitions.

Candidate value: {hopping behaviour 2 only, both hopping behaviour 1 and 2}




Subset of comb-offset hopping and cyclic shift hopping
In RAN1#113, a concept of a subset has been agreed to limit the hopping region of comb-offsets for comb-offset hopping and cyclic shifts for cyclic shift hopping, as follows:

	Agreement in RAN1#113
Support configuring a subset of comb offsets when comb offset hopping is configured, and configuring a subset of cyclic shifts when cyclic shift hopping is configured.
· The subset configuration applies to all the port(s) in the SRS resource, and all the port(s) in the SRS resource has (have) the same hopping offset value  on an OFDM symbol.
· This is a UE-optional feature.



Since FGs for comb-offset hopping and cyclic shift hopping are defined separately as in Table. 3, our view is that FGs for subset of comb-offsets and cyclic shifts for comb-offset hopping and cyclic shift hopping, respectively, can be defined separately as well. Hence, we support the following table for supporting subset of comb-offsets and cyclic shifts for comb-offset hopping and cyclic shift hopping, respectively.

Proposal 19: Define a FG supporting subset of comb-offsets and cyclic shifts for comb-offset hopping and cyclic shift hopping, respectively.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-XX
	Subset of comb-offsets for comb-offset hopping
	FFS
	2-52, 40-5-1
	Per band
	FFS

	40-5-XX
	Subset of cyclic shifts for cyclic shift hopping
	FFS
	2-52, 40-5-2
	Per band
	FFS
This feature and cyclic shift hopping with finer granularity are not configured with a UE at the same time.




Finer granularity of cyclic shift hopping
In RAN1#113, a concept of finer granularity for cyclic shift hopping has been agreed as follows:

	Agreement in RAN1#113
For SRS cyclic shift hopping, support finer time-delay-domain granularity, e.g., , where  can be randomly chosen from  at each SRS transmission.
· Note: The finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled.
If a subset for cyclic shifts is configured, this feature cannot be configured.
Above is a UE optional feature.



Based on the above agreement, an optional UE feature is needed to be defined, hence we would like to suggest the following FG.

Proposal 20: Define a FG supporting finer granularity of cyclic shift hopping.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-XX
	Cyclic shift hopping with finer granularity
	FFS
	2-52, 40-5-1
	Per band
	FFS
This feature and a subset of cyclic shifts for cyclic shift hopping are not configured with a UE at the same time.




8-port SRS considering port mapping method

Regarding 8-port SRS, non-TDMed port mapping and TDMed port mapping related FGs have been adopted as in Table. 3. For both non-TDMed and TDMed port mapping, our view is that separate rows for Comb-8 is not needed and it could be as a component of FG 40-5-4 and FG 40-5-4a. For TDMed port mapping, our view is that merging FG 40-5-6 and FG 40-5-7 is not needed and we can keep separate rows for antenna switching and codebook.

Proposal 21: Define FGs for SRS with 8Tx ports by non-TDMed and TDMed port mapping.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-4
	SRS with 8 Tx ports—antenna switching
	1. Support 8T8R
2. Whether to support comb-8
	2-53, 2-55
	Per band
	Candidate values of component 2: {support, not support}

	40-5-4a
	SRS with 8 Tx ports—codebook
	
	2-52
	Per band
	

	40-5-6
	SRS with TDMed 8 Tx ports—antenna switching
	1. Support 8T8R
2. Whether to support comb-8
	2-53, 2-55
	Per band
	Candidate values of component 2: {support, not support}
Only 2 TDMed subsets of ports are supported.

	40-5-7
	SRS with TDMed 8 Tx ports—codebook
	
	2-52
	Per band
	Only 2 TDMed subsets of ports are supported.




[bookmark: _Toc131604773]Enhanced uplink transmission
1.5 [bookmark: _Toc131604774]UL precoding indication for multi-panel transmission

STxMP PUSCH transmission

In the previous RAN1 meeting, RAN1 agreed to support up to two PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission and an additional RRC parameter was introduced to indicate the max number of PTRS ports for SDM scheme. 
	Agreement (RAN1#110b-e)
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme

Agreement (RAN1#112)
When max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH:
· Actual number of PTRS ports in SDM is 2 and 2-bit “PTRS-DMRS association” DCI field is used to indicate the PTRS-DMRS association for the DMRS ports associated with two TMPI/SRI fields.
· The MSB indicates the association between PTRS port 0 and the DMRS port(s) associated with the first TPMI/SRI field.
· The LSB indicates the association between PTRS port 1 and the DMRS port(s) associated with the second TPMI/SRI field. 
· Regarding the “ptrs-PortIndex” configured to SRS resource for NCB PUSCH of SDM scheme, the UE ignores the configuration of “ptrs-PortIndex” per SRS resource.
FFS: Whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission

Agreement (RAN1#113)
Introduce an additional RRC parameter for the max number of PTRS ports for STxMP SDM scheme.



The main difference of two PTRS ports for SDM scheme is each PTRS port is associated with the first TPMI (for only CB PUSCH)/SRI field or second TPMI (for only CB PUSCH)/SRI field. It is similar to Rel-17 PTRS-DMRS association for mTRP TDM PUSCH repetition scheme. However, the followings are different between association rule for STxMP SDM PUSCH and rule for mTRP TDM PUSCH repetition:
· For mTRP TDM PUSCH repetition, 
· When maxRank=2, MSB indicates association between PTRS port(s) and DMRS port(s) corresponding the first TPMI/SRI and LSB indicates association between PTRS port(s) and DMRS port(s) corresponding the second TPMI/SRI.
· PTRS port can be associated with any TPMI/SRI, i.e. the certain PTRS port is associated with either the first TPMI/SRI field or second TPMI/SRI field, i.e. PTRS port 0 can be associated with any TPMI/SRI and PTRS port1 can be associated with any TPMI/SRI also.
· For STxMP SDM PUSCH
· Regardless of maxRank for SDM scheme and the total number of layers for both PUSCH transmission via two panels, MSB indicates association between PTRS port(s) and DMRS port(s) corresponding the first TPMI/SRI and LSB indicates association between PTRS port(s) and DMRS port(s) corresponding the second TPMI/SRI.
· There is the fixed rule that PTRS port 0 should be associated with the first TPMI/SRI and PTRS port 1 should be associated with the second TPMI/SRI. 
As shown above, different UE feature is required to support two PTRS ports for STxMP SDM PUSCH scheme. 
In the previous RAN1#113 meeting, it is remained whether to make separate FG for “2 PTRS ports for SDM scheme” as below:
	40-6-1
	Single-DCI based STx2P SDM scheme for PUSCH—codebook 
	FFS: separate row for “2 PTRS ports for SDM scheme”
FFS: separate row “Dynamic switching by DCI 0_1/0_2 between single-DCI STxMP SDM and sTRP”



According to the agreement for PTRS in RAN1#110b-e, PTRS ports for STxMP SDM PUSCH can be supported up to two. This means the number of supported PTRS port by UE can be less than two. Therefore, this feature is not the basic component of FG40-6-1 and the FG for 2 PTRS ports for STxMP SDM PUSCH scheme should be separate.

Proposal 22: Separate the FG for 2 PTRS ports for STxMP SDM PUSCH.

For multi-DCI based STxMP PUSCH scheme, following overlapping cases between scheduling types for PUSCH can be supported:
	Agreement (RAN1#110b-e)
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH

Agreement (RAN1#111)
Support CG PUSCH + CG PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission.



In the previous RAN1 meeting, whether to separate DG+CG and CG+CG from FG 40-6-3a and 40-6-3b was remained as FFS. In our view, DG-PUSCH + DG-PUSCH is only basic feature of FG 40-6-3a and 40-6-3b and others are optional features because additional capabilities to manage additional configurations for STxMP CG PUSCH may be required. Therefore, RAN1 needs to define separate FG for ‘DG-PUSCH+CG-PUSCH’ and ‘CG-PUSCH+CG-PUSCH’. For the separate FG, ‘DG-PUSCH+CG-PUSCH’ and ‘CG-PUSCH+CG-PUSCH’ can be candidate values, for example {DG+CG, CG+CG, both}.

Proposal 23: Define a separate FG for ‘DG-PUSCH+CG-PUSCH’ and ‘CG-PUSCH+CG-PUSCH’ and ‘DG-PUSCH+CG-PUSCH’ and ‘CG-PUSCH+CG-PUSCH’ can be candidate values for newly defined FG, for example {DG+CG, CG+CG, both}.

If the UE can support multi-DCI based STxMP PUSCH scheme, two PUSCHs which are overlapped in time domain can be scheduled to the UE. RAN1 discussed possible overlapping cases and the following agreement were endorsed:
	Agreement
The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are fully/partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment within a PUSCH transmission occassion in the case of fully/partially overlapping in time domain



In our view, some of overlapping case can require further enhanced UE capability, e.g. the case with partially overlapping in time domain. If two PUSCHs are partially overlapped in time domain, it can effect that the UE determines uplink power control (total transmit power or each transmit power per panel etc.) and prepares two overlapped PUSCHs. On the other hand, we think the fully overlapping case in time domain can be kept in main FG 40-6-3a and 40-6-4b because less capability can be required than partially overlapping cases. Therefore, we suggest making separate a FG to support two partially overlapping PUSCHs in time domain. 

Proposal 24: Separate a FG to support two partially overlapping PUSCHs in time domain

Group-based beam reporting for UL STxMP

RAN1 agreed enhance group-based beam reporting to support UL STxMP schemes. 
	Agreement
To enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission, support the system to configure the UE to report one of the followings:
· Alt1: For each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: For each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Supporting Alt1 and/or Alt2 is subject to UE capability




In the agreement, Alt1 (the reported beam pair(s) can be used for both UL simultaneous transmission and DL simultaneous reception) and/or Alt2 (the reported beam pair(s) can be used for only UL simultaneous transmission) are supported depending on UE capability reporting. Therefore, if the UE supports UL STxMP scheme(s), the UE should report the possible scheme of group based beam reporting. To report the possible reporting scheme, we suggest following updates of FG 40-6-5 with reference to the above agreement and introduced Rel-17 FG 23-5-1 (Group based L1 RSRP reporting enhancements). As additional FFS point, we think RAN1 needs to discuss on prerequisite for FG 40-6-5, especially, whether FG 23-5-1 can be prerequisite or not. 
	40-6-5
	Support grouped-based beam Group based L1-RSRP reporting for STx2P
	1. Support group based L1-RSRP reporting for STxMP based transmission
- Component 1 candidate values: {DL and UL, UL only}

2. Max number N of beam groups (M=2 beams per beam group) in a single L1-RSRP reporting instance based on measurement on two CMR resource sets

3. Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs

4. Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs




Proposal 25: Suggest the following update for FG 40-6-5. In addition to update, RAN1 needs to discuss on prerequisite for FG 40-6-5, especially, whether FG 23-5-1 can be prerequisite or not.
	40-6-5
	Support grouped-based beam Group based L1-RSRP reporting for STx2P
	1. Support group based L1-RSRP reporting for STxMP based transmission
- Component 1 candidate values: {DL and UL, UL only}

2. Max number N of beam groups (M=2 beams per beam group) in a single L1-RSRP reporting instance based on measurement on two CMR resource sets

3. Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs

4. Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs




1.6 [bookmark: _Toc131604775]SRI/TPMI enhancement for enabling 8 TX UL transmission
In Rel.15 NR MIMO, the following UE feature groups (FGs) are supported regarding PUSCH transmission from a UE with 1, 2, or 4 antenna ports.
· FG 2-12: Basic PUSCH transmission 
· single port codebook-based PUSCH transmission
· FG 2-13: PUSCH codebook coherency subset
· one of non-coherent, partial/non-coherent, full/partial/non-coherent
· FG 2-14: Codebook based PUSCH MIMO transmission 
· maximum number of supported layers from {1,2,4} 
· maximum number of SRS resource per set (with usage = codebook) from {1,2}
· FG 2-15: Non-codebook based PUSCH transmission
· maximum number of supported layers from {1,2,4} 
· maximum number of SRS resource per set (with usage = non-codebook) from {1,2,3,4}
· Maximum number of simultaneous transmitted SRS resources at one symbol from {1,2,3,4}

In Rel.16 eNR MIMO, the following UE feature groups (FGs) are specified regarding full power transmission for non-coherent or partial-coherent precoders.
· FG 16-5a: UL full power transmission mode of fullpower
· Support for full power based on all full-rated PAs
· FG 16-5b: UL full power transmission fullpowerMode1
· Support of full power based on a full-coherent precoder
· FG 16-5c: UL full power transmission fullpowerMode2
· Support of full power based on SRS virtualization or full power TPMI groups
· FG 16-5c-2: UL full power transmission fullpowerMode2 – SRS resources
· Support of full power based on virtualized SRS ports (combing PAs before SRS transmission)
· FG 16-5c-3: UL full power transmission fullpowerMode2 – full power TPMI groups
· Support of full power based on TPMIs that can achieve full using at least one (but not all) full-rated PA or all non-full-power PAs 

For 8Tx PUSCH transmission, the UE features can be similar to the legacy (above-mentioned) FGs. Based on the agreements and working assumptions that far, the UE features as shown in Table. 4 can be supported, wherein a brief explanation of each feature is as follows.
· FG 40-7-1: basic FG for the support of codebook-based 8Tx PUSCH transmission. Similar to legacy Rel.15 FG, it includes component 1 for the supported codebook parameter(s) , component 2 for the maximum number of supported layers, and component 3 for the maximum number of SRS resources in a set
· FGs 40-7-5 and FG 40-7-1a are not needed, hence should be deleted.
· FG 40-7-2: basic FG for support of non-codebook-based 8Tx PUSCH transmission. Similar to legacy Rel.15 FG, it includes component 1 for the maximum number of supported layers, component 2 for the maximum number of SRS resources in a set, and component for the maximum number of simultaneously transmitted SRS resources at one symbol
· FG 40-7-3: support for a maximum of 8 layers including component 2 for one or both of the codebook-based and non-codebook-based transmission schemes
· FG 40-7-4b: the value = 8 needs to be included in addition to legacy values {1,2,4}
· (New) FG 40-7-A: support of a first sub-feature of mode2 that is based on SRS virtualization
· (New) FG 40-7-B: support of a second sub-feature of mode2 that is based on full power TPMI group(s)
Table. 4
	UE features
	Description
	Component values

	FG 40-7-1:
Basic features for Codebook-based 8Tx PUSCH
	1. one or multiple values of (Ng, N1, N2)
2. Supported codebook based 8Tx PUSCH MIMO with maximal number of supported layers
3. Supported max number of SRS resource per set (SRS set use is configured as for codebook).
	Component 1: (1,4,1), (1,2,2), (2,-,-), (4,-,-), (8,-,-)
Component-2:
Candidate value: {1, 2, 4}
Component-3
Candidate value: {1, 2}

	FG 40-7-2:
Basic features for Non-Codebook-based 8Tx PUSCH
	1. Maximal number of supported layers (non-codebook transmission scheme)
2.  Supported max number of SRS resource per set (SRS set use is configured as for non-codebook transmission).
3. Maximum number of simultaneous transmitted SRS resources at one symbol
	Optional with UE capability
Component-1 candidate values: {1, 2, 4}
Component-2
Candidate value: {1,2,3,4,5,6,7,8}
Component-3
Candidate value: TBD (legacy {1,2,3,4})


	FG 40-7-3:
Support for up to 8 layers
	1. Maximum number of layers = 8
2. Supported transmission scheme

	Candidate value-2: {codebook-based, non-codebook, both}

	FG 40-7-4b:
UL full power transmission 8TxfullpowerMode2
	1.The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ for Mode 2: {1, 2, 4, 8}
	

	(New) FG 40-7-A
UL full power transmission 8TxfullpowerMode2 – SRS resources
	1. The SRS configuration with different number of antenna ports per SRS resource for Mode 2
	Component 1: TBD

	(New) FG 40-7-B
UL full power transmission 8TxfullpowerMode2 – full power TPMI groups 
	1. TPMI group(s) which delivers full power
	Component 1: TBD



Proposal 26: for 8Tx PUSCH transmission, support feature groups as shown in Table. 4
· FG 40-7-1: support including a component in the FG for codebook-based PUSCH transmission that reports one or multiple values of the codebook parameter 
· FG 40-7-5 and FG 40-7-1a into FG 40-7-1 
· FG 40-7-1 and 40-7-2: similar to legacy Rel.15 FGs, components 1,2,3 as described in Table. 4 are included.
· FG 40-7-3: include a component for the applicable Tx scheme(s) {CB-based, NCB-based, both}
· FG 40-7-4b: include value 8 in addition to legacy values {1,2,4}
· following legacy FGs on fullPowerMode2, introduce new FGs FG 40-7-A and FG 40-7-B 


Conclusion
In this contribution, the following observation and proposals are given: 
Observation 1: Support of mTRP operation via unified TCI framework may request UE to support more of TCI state in total, not to reduce number of supported TCI states per TRP. 
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Proposal 1: support the following two FGs (separate rows from the basic FGs) for Rel-18 eUTCI 
· FG 40-1-x: support for TCI selection field in DCI format 1_1/1_2 and SRS resource set indicator in DCI format 0_1/0_2 when dedicated PDCCH shares a same TCI state(s) as at least one of the indicated TCI states for PDSCH/PUCCH/PUSCH.
· FG 40-1-y: support for TCI selection field in DCI format 1_1/1_2 and SRS resource set indicator in DCI format 0_1/0_2 for other cases (note: UE supporting this FG also supports FG 40-1-x).

Proposal 2: RAN1 increase the maximum number of activated TCI state per CC either by defining larger value for the current UE capability, or by defining the capability as per TRP

Proposal 3: RAN1 does not define new UE capability for Re-18 UE beam switching latency or panel switching latency.

Proposal 4: As a default UE capability, application of 1st or 2nd indicated TCI state is configured per CSI-RS resource set. 

Proposal 5: Define UE capability support of Rel-18 CJT including number of supported TCI states for CJT
· If number of supported TCI state is not reported, network assumes 2 TCI states as UE’s support

Proposal 6: Define UE capability indicating which of listed alternatives supported on UE’s application of QCL of indicated two TCI states for CJT operation.

Proposal 7: RAN1 does not define separated UE capability on number of supported reference timing
· Network assumes two reference timing is supported for a UE reporting capability of multiple TA/TAG for serving cell. 

Proposal 8: Define a new UE capability of supporting Rx timing difference larger than CP
· As a default, Rx timing difference larger than CP is not supported, if parameter is not reported

Proposal 9: 
· For CJT,
· (New) FG 40-3-1-A for Ocpu
· Support  if ,
· (New) FG 40-3-1-B for Z/Z’
· Support Capability 1 and Capability 2 as the relevant agreements stated
· For Doppler
· FG 40-3-2-1 and FG 40-3-2-4: replace ‘Doppler measurement’ with ‘Doppler codebook’
· FG 40-3-2-3: two rows are merged into one, and clarify the following regarding the number of time-domain CQIs (X)
· Support X=1 time-domain CQI based on averaging first and last slot of WCSI, for Rel-16-based doppler codebook
· Support X=2 time-domain CQIs based on 2 slots for Rel-16-based doppler codebook
· (New) FG 40-3-2-A: Support of K=12 aperiodic NZP CSI-RS resources 
· (New) FG 40-3-2-B: Support of L=6 
· (New) FG 40-3-2-C for Ocpu
· Support  when P/SP CSI-RS is configured for CMR, and
· Support  when AP CSI-RS is configured for CMR.
· (New) FG 40-3-2-D for Z/Z’
· Support Capability 1 and Capability 2 as the relevant agreements stated

· For TDCP,
· FG 40-3-3-2: candidate values for Y
· Y = {2,3,4}
· Y=1 and delay > D_basic = 1 slot   
· FG 40-3-3-4: support of phase report when Y>1
· FG 40-3-3-6: the max value of KTRS is 2.
· (New) FG 40-3-3-A for 
· Support  when delay values  and
· Support  when delay values  (in slots).

Proposal 10: Support the following table of Rel-18 DMRS eType-I/II for PDSCH by re-using the structure of Rel-15 DMRS Type-I/II for PDSCH as much as possible.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-1
	Basic feature of Rel.18 enhanced DMRS for PDSCH for mapping 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.
	
	Per FS
	

	40-4-1a
	Basic feature of Rel.18 enhanced DMRS for PDSCH for mapping type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	
	Per FS
	

	40-4-1b
	Support 1+2 symbols Rel.18 enhanced DMRS for PDSCH
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Per FS
	

	40-4-1c
	Support alternative additional DMRS position for Rel.18 enhanced DMRS for PDSCH
	Support alternative additional DMRS position for co-existence with LTE CRS for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1, 5-28
	Per FS
	

	40-4-1d
	Support 2 symbols front-loaded Rel.18 enhanced DMRS for PDSCH
	Support 2 symbols FL DMRS for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Per FS
	

	40-4-1e
	Support 2 symbols front-loaded + 2 symbols additional Rel.18 enhanced DMRS for PDSCH
	Support 2-symbol FL DMRS + one additional 2-symbols DMRS for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Per FS
	

	40-4-1f
	Support 1+3 symbols Rel.18 enhanced DMRS symbols for PDSCH
	Support 1 symbol FL DMRS and 3 additional DMRS symbols for Rel.18 enhanced DMRS ports for PDSCH
	40-4-1
	Per FS
	

	40-4-1g
	Support Rel.18 enhanced DMRS type for PDSCH
	
	
	Per FS
	Candidate value: {type1, both type 1 and type 2}



Proposal 11: Support the FGs considering single-TRP PDSCH and single-DCI based FDMSchemeA or FDMSchemeB whether a UE can handle orphan RE problem or not.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-4
	Reception of PDSCH without the scheduling restriction for Rel.18 eType1 DMRS ports
	Support reception of PDSCH without the scheduling restriction for Rel.18 enhanced DMRS type 1
	40-4-1g
	Per FS
	If this FG is not reported, UE expects that gNB shall apply the following frequency domain scheduling restrictions for PDSCH for Rel-18 DMRS eType-I.
· The number of consecutively scheduled PRBs for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.

	40-4-4a
	Reception of PDSCH without the scheduling restriction for Rel.18 eType1 DMRS ports with single-DCI based FDMSchemeA or FDMSchemeB
	Support reception of PDSCH without the scheduling restriction for Rel.18 enhanced DMRS type 1 with single-DCI based FDMSchemeA or FDMSchemeB
	16-2b-2, and/or 16-2b-3, 40-4-1g
	Per FS
	If this FG is not reported, UE expects that gNB shall apply the following frequency domain scheduling restrictions for PDSCH for Rel-18 DMRS eType-I.
· The number of consecutively scheduled PRBs per TCI state for PDSCH is even.
· The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) per TCI state is even.



Proposal 12: Support a UE capability introducing additional rows of Rel-18 DMRS eType-I/II for supporting multi-TRP schemes as follows.
	Index
	Feature group
	Components
	Pre-requisite
	Reporting granularity
	Note

	40-4-5
	Support Rel-18 DL DMRS with single DCI based M-TRP
	
	16-2b-1, 16-2b-2, 16-2b-3, 16-2b-4, or 16-2b-5
	Per FS
	

	40-4-5a
	Additional row(s) of Rel.18 DMRS ports for single-DCI based M-TRP
	Support of new DMRS port entry {0,2,3}
	16-2b-1, 40-4-5
	Per band
	

	40-4-5b
	Support Rel-18 DL DMRS with M-DCI based M-TRP
	
	16-2a
	Per FSPC
	



Proposal 13: Support a UE capability introducing the maximum number of different DMRS types considering for all DCI formats.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-XX
	Maximum number of different DMRS types for all DCI formats
	
	40-4-1g
	Per FS
	Candidate values: {1, 2, 3, 4}



Proposal 14: Support the following table of Rel-18 DMRS eType-I/II for PUSCH by re-using the structure of Rel-15 DMRS Type-I/II for PUSCH as much as possible.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-6
	Basic feature of Rel.18 enhanced DMRS for PUSCH for mapping 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 for at least one port.
	
	Per FS
	

	40-4-6a
	Basic feature of Rel.18 enhanced DMRS for PUSCH for mapping type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol
	
	Per FS
	

	40-4-6b
	Support 1+2 symbols Rel.18 enhanced DMRS for PUSCH
	Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port for Rel.18 enhanced DMRS ports for PUSCH
	40-4-6, 40-4-6a
	Per FS
	

	40-4-6c
	Support Rel.18 enhanced DMRS type for PUSCH
	
	
	Per FS
	Candidate value: {type1, both type 1 and type 2}

	40-4-6d
	Support 2 symbols front-loaded Rel.18 enhanced DMRS for PUSCH
	Support 2 symbols FL DMRS for Rel.18 enhanced DMRS ports for PUSCH
	40-4-6
	Per FS
	

	40-4-6e
	Support 2 symbols front-loaded + 2 symbols additional Rel.18 enhanced DMRS for PUSCH
	Support 2-symbol FL DMRS + one additional 2-symbols DMRS for Rel.18 enhanced DMRS ports for PUSCH
	40-4-6
	Per FS
	

	40-4-6f
	Support 1+3 symbols Rel.18 enhanced DMRS symbols for PUSCH 
	Support 1 symbol FL DMRS and 3 additional DMRS symbols for Rel.18 enhanced DMRS ports for PUSCH
	40-4-6
	Per FS
	



Proposal 15: Support the following table of DMRS port configuration for PUSCH with rank 5-8.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-10
	DMRS port configuration for PUSCH with rank 5-8
	
	
	Per FS
	Candidate values: {Rel.15 DMRS only, both Rel.15 DMRS and Rel.18 DMRS}



Proposal 16: Support the following table of UL PTRS for PUSCH with rank 5-8.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-4-12
	UL PTRS for PUSCH with rank 5-8
	1. Maximum number of PTRS ports
	2-47, 40-4-10
	Per FS
	Candidate values of Component 2: {1, 2}



Proposal 17: Support the following table of hopping schemes.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-1
	SRS comb offset hopping
	
	2-52
	Per band
	Applicable for periodic, semi-persistent, and aperiodic SRS with usage of antenna switching

	40-5-2
	SRS cyclic shift hopping
	
	2-52
	Per band
	Applicable for periodic, semi-persistent, and aperiodic SRS with usage of antenna switching

	40-5-XX
	Simultaneous configuration of both SRS comb-offset hopping and SRS cyclic shift hopping
	SRS comb offset hopping and cyclic shift hopping can be configured for a SRS resource at the same time
	2-52, 40-5-1, 40-5-2
	Per band
	No joint scheme between SRS comb-offset and SRS cyclic shift hopping scheme is supported.



Proposal 18: Define a FG supporting hopping behavior of comb-offset hopping with repetition factor R>1.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-1a
	Comb offset hopping time-domain behavior when repetition factor R>1
	1. Support comb-offset hopping time-domain behavior
	2-52, 40-5-1
	Per band
	Hopping behaviour 1: hopping depends on the OFDM symbol index l' of each symbol

Hopping behaviour 2: hopping depends on the 1st symbol across the R repetitions.

Candidate value: {hopping behaviour 2 only, both hopping behaviour 1 and 2}



Proposal 19: Define a FG supporting subset of comb-offsets and cyclic shifts for comb-offset hopping and cyclic shift hopping, respectively.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-XX
	Subset of comb-offsets for comb-offset hopping
	FFS
	2-52, 40-5-1
	Per band
	FFS

	40-5-XX
	Subset of cyclic shifts for cyclic shift hopping
	FFS
	2-52, 40-5-2
	Per band
	FFS
This feature and cyclic shift hopping with finer granularity are not configured with a UE at the same time.



Proposal 20: Define a FG supporting finer granularity of cyclic shift hopping.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-XX
	Cyclic shift hopping with finer granularity
	FFS
	2-52, 40-5-1
	Per band
	FFS
This feature and a subset of cyclic shifts for cyclic shift hopping are not configured with a UE at the same time.



Proposal 21: Define FGs for SRS with 8Tx ports by non-TDMed and TDMed port mapping.
	Index
	Feature group
	Components
	Pre-requisite
	Type
	Note

	40-5-4
	SRS with 8 Tx ports—antenna switching
	1. Support 8T8R
2. Whether to support comb-8
	2-53, 2-55
	Per band
	Candidate values of component 2: {support, not support}

	40-5-4a
	SRS with 8 Tx ports—codebook
	
	2-52
	Per band
	

	40-5-6
	SRS with TDMed 8 Tx ports—antenna switching
	1. Support 8T8R
2. Whether to support comb-8
	2-53, 2-55
	Per band
	Candidate values of component 2: {support, not support}
Only 2 TDMed subsets of ports are supported.

	40-5-7
	SRS with TDMed 8 Tx ports—codebook
	
	2-52
	Per band
	Only 2 TDMed subsets of ports are supported.



Proposal 22: Separate the FG for 2 PTRS ports for STxMP SDM PUSCH.

Proposal 23: Define a separate FG for ‘DG-PUSCH+CG-PUSCH’ and ‘CG-PUSCH+CG-PUSCH’ and ‘DG-PUSCH+CG-PUSCH’ and ‘CG-PUSCH+CG-PUSCH’ can be candidate values for newly defined FG, for example {DG+CG, CG+CG, both}.

Proposal 24: Separate a FG to support two partially overlapping PUSCHs in time domain

Proposal 25: Suggest the following update for FG 40-6-5. In addition to update, RAN1 needs to discuss on prerequisite for FG 40-6-5, especially, whether FG 23-5-1 can be prerequisite or not.
	40-6-5
	Support grouped-based beam Group based L1-RSRP reporting for STx2P
	1. Support group based L1-RSRP reporting for STxMP based transmission
- Component 1 candidate values: {DL and UL, UL only}

2. Max number N of beam groups (M=2 beams per beam group) in a single L1-RSRP reporting instance based on measurement on two CMR resource sets

3. Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs

4. Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs



Proposal 26: for 8Tx PUSCH transmission, support feature groups as shown in Table. 4
· FG 40-7-1: support including a component in the FG for codebook-based PUSCH transmission that reports one or multiple values of the codebook parameter 
· FG 40-7-5 and FG 40-7-1a into FG 40-7-1 
· FG 40-7-1 and 40-7-2: similar to legacy Rel.15 FGs, components 1,2,3 as described in Table. 4 are included.
· FG 40-7-3: include a component for the applicable Tx scheme(s) {CB-based, NCB-based, both}
· FG 40-7-4b: include value 8 in addition to legacy values {1,2,4}
· following legacy FGs on fullPowerMode2, introduce new FGs FG 40-7-A and FG 40-7-B 
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