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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]In this contribution we provide initial views on UE features for sub-items in Rel-18 MIMO enhancement AI.
Discussion
Following tentative UE features for different sub-items are identified according to agreements up to RAN1#112b-e.
Unified TCI extension for MTRP

	xx
	Feature
	Detail

	
	Unified TCI with joint DL/UL TCI update for S-DCI based MTRP
	Basic feature:
1. One MAC-CE activated full set of {1st joint TCI state, 2nd joint TCI state} for S-DCI based MTRP
2. TCI state indication for update and activation
a) MAC CE based TCI state indication for full set of active {1st joint TCI state, 2nd joint TCI state}

Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP

Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)

	
	Unified TCI with joint DL/UL TCI update for S-DCI based MTRP with more than one MAC-CE activated joint TCI state
	1. More than one TCI codepoint with full set or subset of {1st joint TCI state, 2nd joint TCI state} for S-DCI based MTRP
a) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)
b) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)

Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)

Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list

	
	Application of TCI state for AP CSI-RS
	1. {‘per CSI-RS resource set’, ‘per CSI-RS resource’}

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

	
	Joint TCI state application to PDSCH-CJT
	1. Supported number of indicated joint TCI states for PDSCH-CJT, {1-basic, 2-optional}
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

	
	Unified TCI with joint DL/UL TCI update for M-DCI based MTRP
	Basic feature:
1. One MAC-CE activated joint TCI state per CORESETPoolIndex for M-DCI based MTRP
2. TCI state indication for update and activation per CORESETPoolIndex

Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP

	
	Unified TCI with joint DL/UL TCI update for M-DCI based MTRP with more than one MAC-CE activated joint TCI state
	1. More than one TCI codepoint with a joint TCI state per CORESETPoolIndex for M-DCI based MTRP
a) MAC-CE+DCI-based TCI state indication per CORESETPoolIndex (use of DCI formats 1_1/1_2 with DL assignment)
b) MAC-CE+DCI-based TCI state indication per CORESETPoolIndex (use of DCI formats 1_1/1_2 without DL assignment)

Agreement
On unified TCI framework extension for M-DCI based MTRP:
· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value
· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
· A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value

Agreement
On unified TCI framework extension for M-DCI based MTRP:
· For a serving cell configured with joint DL/UL TCI mode, one joint TCI state can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)

	
	Unified TCI with separate DL/UL TCI update for S-DCI based MTRP
	Basic feature:
1. One MAC-CE activated full set of {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state} for S-DCI based MTRP
2. TCI state indication for update and activation
a) MAC CE based TCI state indication for full set of active {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}

Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP

Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)


	
	Unified TCI with separate DL/UL TCI update for S-DCI based MTRP with more than one MAC-CE activated separate TCI state
	1. More than one TCI codepoint with full set or subset of {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state} for S-DCI based MTRP
a) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)
b) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)

Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)

Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list

	
	Unified TCI with separate DL/UL TCI update for M-DCI based MTRP
	Basic feature:
1. One MAC-CE activated full set of {DL TCI state, UL TCI state} per CORESETPoolIndex for M-DCI based MTRP
2. TCI state indication for update and activation per CORESETPoolIndex

Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP

	
	Unified TCI with separate DL/UL TCI update for M-DCI based MTRP with more than one MAC-CE activated separate TCI state
	1. More than one TCI codepoint with full set or subset of {DL TCI state, UL TCI state} per CORESETPoolIndex for M-DCI based MTRP
a) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)
b) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)
Agreement
On unified TCI framework extension for M-DCI based MTRP:
· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value
· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
· A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value

Agreement
On unified TCI framework extension for M-DCI based MTRP:
· For a serving cell configured with separate DL/UL TCI mode, a DL TCI state, an UL TCI state, or a pair of DL and UL TCI states can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)




Support of 2TA

	xx
	Feature
	Detail

	
	2TAs for UL M-DCI based MTRP operation, intra-cell
	Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.


	
	2TAs for UL M-DCI based  MTRP operation, inter-cell
	Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.


	
	CFRA triggered by PDCCH order for intra-cell M-DCI based MTRP 
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases.


	
	CFRA triggered by PDCCH order for inter-cell M-DCI based MTRP
	

	
	PRACH configuration associated with additional PCI
	Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support PRACH configuration associated with additional configured PCIs different from the PCI of the serving cell.
FFS: details

	
	PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.




CSI feedback enhancement
CSI enhancement for high/medium UE velocities
We provide our suggestions on basic and optional features for CSI enhancement for high/medium velocities based on the features agreed till RAN1#112bis-e. All the optional feature requires extra UE capability report. The ones highlighted in green are already captured in existed agreements.
	xx
	Feature
	Detail

	
	Basic: Basic feature of CSI enhancement for high/medium UE velocities. 
	N4=1
R=1
Rank<=2
Basic parameter combinations
d=CSI-RS periodicity for P CSI-RS or d=m for AP CSI-RS
l = slot (n+δ) where δ ≥ 0
X=1 and the CQI is associated with only one slot


	
	Optional: support of N4>1
	Based on previous RAN1 study and evaluation results, most of the gain for CSI enhancement for high/medium UE velocities comes from CSI prediction. Further time domain compression (N4>1) provides limited gain compared with prediction, while compression causes extra UE complexity. Hence we suggest to make the support of N4>1 optional.

	
	Optional: Support of R=2
	Following legacy principle.

	
	Optional: Support of rank>2
	Following legacy principle.

	
	Optional: Support of L=6 
	Following legacy principle

	
	Optional: Support of d=1 for AP CSI-RS if m>1
	If m>1, support of d=1 requires UE to perform extra interpolation to get the channel for each DD unit. Hence we support to make it optional due to its high complexity.

	
	Optional: support of l = (n – nCSI,ref ) for CSI reference slot
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, support UE “predicting” channel/CSI after slot l where the location of slot l is configured (from multiple candidate values) by gNB via higher-layer signalling
· Candidates of slot l location include the legacy CSI reference resource location (n – nCSI,ref ) and slot (n+δ) where δ ≥ 0
· FFS: Possible value(s) of δ and possible value(s) of WCSI
Note: Per legacy behavior, the legacy CSI reference resource, i.e., (n – nCSI,ref ), is reused for locating the last CSI-RS occasion used for a CSI report
For a UE that supports UE-side prediction, the support of l = (n – nCSI,ref ) is UE optional.


	
	Optional: Support of X=1 and the CQI is associated with two slots.
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
· Optional features:
· X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
· X=2 and
· The 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· The 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix
· FFS: Whether/how to include CQI overhead reduction for X=2


	
	Optional: Support of X=2 for CQI.
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
· Optional features:
· X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
· X=2 and
· The 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· The 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix
· FFS: Whether/how to include CQI overhead reduction for X=2




CSI enhancement for coherent JT
We provide our suggestions on basic and optional features for CSI enhancement for CJT based on the features agreed till RAN1#112bis-e. All the optional feature requires extra UE capability report. The ones highlighted in green are already captured in existed agreements.
	xx
	Feature
	Detail

	
	Basic: Basic feature of CSI enhancement for CJT 
	Mode 2
R=1
Rank<=2
Basic parameter combinations
2NN1N2 <= 32
N_L = 1
Configuring N = N_TRP

As a component, UE reports the maximum value for Ltot it supports.

	
	Optional: support of Mode 1
	Based on RAN1 evaluation, the gain of mode 1 compared with mode 2 is marginal, and mode 1 causes extra calculation of FD offset. Hence we suggest to make the support of mode 1 optional.
Mode 1 with 

	
	Optional: Support of R=2
	Following legacy principle.

	
	Optional: Support of rank>2
	Following legacy principle.

	
	Optional: Support of L=6 for N_TRP =1
	Following legacy principle

	
	Optional: Support of N_L>1
	As N_L >1 requires UE to calculate multiple SD hypothesis and thus multiple SVDs after SD projection, we suggest to make it optional due to its high complexity.

	
	Optional: support of dynamic selection of N<N_TRP
	Agreement
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer signaling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 
Note: This agreement does not impact the decision on Ln being configured by gNB or selected by UE
Note: per WID and previous agreement, the candidate values for NTRP of are 1, 2, 3, and 4.
Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.


	
	Optional: The support of 2NN1N2 >32
	Agreement
On the Type-II codebook refinement for CJT mTRP:
· The maximum value of 2NN1N2 is 128
· The support of 2NN1N2 >32 is UE optional for UEs supporting Rel-18 CJT CSI enhancement
· Note: Following the legacy specification on the maximum number of NZP CSI-RS ports per CSI-RS resource, the maximum value of 2N1N2 is 32.


	
	Optional: The support of pv= {1/2, 1/2, 1/2, 1/2}
	Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {pv,} from where the value of {pv,} is gNB-configured via higher-layer (RRC) signaling:
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {M} for Rel-17-based refinement are derived from the supported combinations of {pv ,} for Rel-16-based refinement 

	[bookmark: _Hlk128065209]pv for layers 1-4
	
	Condition(s) 

	{1/8, 1/8, 1/16, 1/16}
 
	¼ 
	--

	
	½ 
	--

	{1/4, 1/4, 1/8, 1/8}
	¼ (*)
	--

	
	½ (*)
	--

	{1/4, 1/4, 1/4, 1/4}
	¾ (*) 
	--

	{1/2, 1/2, 1/2, 1/2}
	½ 
	- Only applicable when NTRP≤3 and NL=1
- Optional




	
	Optional: Support of fractional phi_n for mode 1.
	Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, support the use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources, i.e. (example formulation)  where: 
·  is commonly selected across N CSI-RS resources
·  is the layer-common FD basis selection offset for CSI-RS resource n relative to a layer-common reference CSI-RS resource  with  
· Therefore, (N – 1) FD basis selection offset values  are reported
· Basic feature: 
· Optional feature: 
· FFS: UCI design details, details on 




TDCP
We provide our suggestions on basic and optional features for CSI enhancement for TDCP based on the features agreed till RAN1#112bis-e. All the optional feature requires extra UE capability report. The ones highlighted in green are already captured in existed agreements.
	xx
	Feature
	Detail

	
	Basic: Basic feature of CSI enhancement for TDCP
	Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported

	
	Optional: Support of delay>Dbasic
	Agreement
For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
· FFS: Value of Dbasic


	
	Optional: Support of Y>=1 with phases
	Agreement
For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
· FFS: Value of Dbasic




DMRS enhancement

	xx
	Feature
	Detail

	
	R18 DMRS eType1 for PDSCH/PUSCH
	Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, support
· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group


	
	R18 DMRS eType2 for PDSCH/PUSCH
	Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH, support the following FD-OCC length:
· For Rel.18 DMRS type 1, down select from the following in RAN1#110bis-e:
· Opt.1-1: Length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group.
· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group
· For Rel.18 DMRS type 2:
· Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB within an CDM group

	
	PDSCH scheduling without restriction for DMRS eType1
	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.



SRS enhancement 

	xx
	Feature
	Detail

	
	Cyclic shift hopping for SRS with usage ‘antennaSwitching’ for CJT scenario
	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

	
	Comb offset hopping for SRS with usage ‘antennaSwitching’ for CJT scenario
	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

	
	Time-domain hopping granularity for comb offset hopping
	Agreement
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.

	
	Comb offset hopping with  group / sequence hopping
	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.

	
	The maximum number of simultaneous SRS resources for non-codebook
	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.

	
	Time domain mapping of 8-port SRS resource with usage ‘codebook’ 
	Agreement
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.

Agreement
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].

	
	Time domain mapping of 8-port SRS resource with usage ‘antennaSwitching’ 
	Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.

Agreement
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].


Support of STXMP

	xx
	Feature
	Detail

	
	S-DCI based SDM PUSCH
	Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2}

	
	Dynamic switching SDM - STRP
	Agreement
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission

	
	S-DCI based SFN PUSCH
	Agreement
Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18

	
	M-DCI based SDM PUSCH
	Agreement
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
Agreement
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH

	
	S-DCI based SFN PUCCH
	Agreement
Support the SFN scheme for single-DCI based STxMP PUCCH transmission





Support of UL 8TX transmission
	xx
	Feature
	Detail

	x-x
	8Tx PUSCH 
1, full coherent {N1, N2} = {2, 2}, {4, 1}
2, partial coherent, Ng=2
3, partial coherent, Ng=4
4, non-coherent
	Agreement
8TX PUSCH is supported in Rel-18

Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case


	
	Codebook-based PUSCH MIMO transmission, max layers
	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


	
	Non-codebook based 8Tx PUSCH, max layers
	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


	
	Full power modes
	Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 




Conclusions
1. 
1.1. 
In this contribution, initial UE features for Rel-18 MIMO sub-items are provided in section 2 based on agreements up to RAN1#112b-e.
