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Introduction
In Rel.17 NR FeMIMO WID, enhancements on multi-TRP deployment are given as follows [1]:
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



This contribution provides Samsung’s view on the topics above.

1 
2 
1. PUCCH/PUSCH enhancements
0. Clarification of UL PT-RS port determination for CB based mTRP PUSCH operation
For CB based PUSCH transmission, the actual number of UL PT-RS ports can be determined based on two TPMI fields. In current version of TS 38.214 V17.1.0, determination of the actual number of UL PT-RS ports for mTRP CB based PUSCH is specified based on two TPMIs which can be indicated by ‘'Precoding information and number of layers' field(s)’. However, the second TPMI is indicated by “Second Precoding information” in TS 38.212 V17.1.0 because the second TPMI doesn’t include layer information. For mTRP type 1 CG PUSCH, two TPMIs are configured by “precodingAndNumberOfLayers” and “precodingAndNumberOfLayers2”. To make specification clearer, we propose the following TP.

Proposal 1: To clarify determination of actual number of UL PT-RS ports, suggest the following TP:
	[bookmark: _Toc11352163][bookmark: _Toc20318053][bookmark: _Toc27299951][bookmark: _Toc29673226][bookmark: _Toc29673367][bookmark: _Toc29674360][bookmark: _Toc36645590][bookmark: _Toc45810639][bookmark: _Toc91695514]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
--- start of TP ---
When only one SRS resource set is configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' Ffor partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of layers' field(s) in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNumberOfLayers:
[bookmark: _Hlk512520180]- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
[bookmark: _Hlk500758550]- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' for partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) to transmit corresponding to each SRS resource set is determined based on TPMI(s) which are indicated by 'Precoding information and number of layers' field or both 'Precoding information and number of layers' field and 'Second Precoding information' field corresponding to the associated SRS resource set or higher layer parameter precodingAndNumberOfLayers or both precodingAndNumberOfLayers and precodingAndNumberOfLayers2 corresponding to the associated SRS resource set in rrc-ConfiguredUplinkGrant.
- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].

--- end of TP ---




1. Inter-cell multi-TRP
1. PDSCH rate matching
It was agreed in RAN1#108-e that no additional PDSCH/PDCCH rate matching schemes will be considered for Rel. 17 inter-cell multi-TRP operation. Hence, it is clear that capturing the PDSCH rate matching behaviour agreed in RAN1#104-e is enough.
Proposal 2. Support the following TP in TS 38.214.
	5.1.4	PDSCH resource mapping
<Unchanged text omitted>
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Clauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. When the UE is configured with [NumberOfAdditionalPCI] and is not provided DLorJoint-TCIState or followUnifiedTCIstate, if the PDSCH resource allocation overlaps with PRBs containing a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SSB-MTC-AdditionalPCI-r17 with same physical cell identity as the one associated with a RS having same quasi-collocation properties as the PDSCH, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
<Unchanged text omitted>



1. Beam management for multi-TRP
2. Configuration of CSI resource sets
In Rel. 17 group based beam reporting for multi-TRP, two CSI resource sets can be configured in a resource setting for the corresponding beam measurement. If the higher layer parameter repetition is set to different values for the configured two CSI resource sets, the UE’s behaviours of measurement and reporting are unclear. This issue has been discussed in previous RAN1 meetings.  
Proposal 3. Support the following TP in TS 38.214.
	5.1.6.1.2	CSI-RS for L1-RSRP and L1-SINR computation
<Unchanged text omitted>
If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to ‘on’, the UE may assume that the CSI-RS resources, described in Clause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. If repetition is set to ‘off’, the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter. When the higher layer parameter groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, the higher layer parameter repetition is set to the same value for both CSI resource sets.

<Unchanged text omitted>




1. HST-SFN
3. Default TCI for single-TRP PDSCH reception
When we consider default TCI for single-TRP PDSCH reception, the case when CORESET and PDSCH is overlapped can be also considered, which is captured at Clause 5.1.5 in TS38.214 highlighted as follows.
	Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
· the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).



Similar with the highlighted sentence above, we can consider the case when the CORESET, which is activated with one or two TCI states, is overlapped with the scheduled single-TRP PDSCH. This can be extended to the intra-band CA case as well. To make the specification as a complete one, our view is to consider the overlapped CORESET which is activated one or two TCI states and is located in same or different component carrier with the scheduled single-TRP PDSCH. If this issue is not captured in the specification, it is ambiguous for UE to determine the assumption of the QCL-TypeD when a CORESET with two TCI states is overlapped with the PDSCH.

Proposal 4. Support the following TP in TS38.214.
	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc100147360]5.1.5	Antenna ports quasi co-location
<Unchanged text omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
· the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. If the overlapped CORESET has two TCI states, the UE is expected to prioritize the reception of PDCCH associated with the first TCI state of that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).
<Unchanged text omitted>



3. Default TCI for Rel-17 SFN PDSCH reception
In RAN1#106-e [3], the following agreement was made to re-use the existing rule onto the default TCI for Rel-17 SFN PDSCH reception.
	Agreement
If enableTwoDefaultTCI-States is configured and at least one TCI codepoint indicates two TCI states and time offset between the reception of the DL DCI and the PDSCH is less than the threshold timeDurationForQCL, default beam(s) for Rel-17 enhanced SFN PDSCH (scheme 1 or if supported TRP-based pre-compensation) reception:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
This is a UE optional feature



Similar with determining the default TCI for single-TRP PDSCH reception as in the current specification, we also consider the case when a CORESET and the scheduled PDSCH is overlapped, which is captured at Clause 5.1.5 in TS38.214 highlighted as follows. Even in the reception for Rel-17 SFN PDSCH, the case for the CORESET, which is activated one or two TCI states, is overlapped and located in same or different component carrier with the scheduled Rel-17 SFN PDSCH should be also considered.
	Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
…
· If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers)



If this issue is not captured in the specification, it is ambiguous for UE to determine the assumption of the QCL-TypeD when a CORESET with two TCI states is overlapped with the PDSCH.

Proposal 5. Support the following TP in TS38.214.
	5.1.5	Antenna ports quasi co-location
<Unchanged text omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
<Unchanged text omitted>
· [bookmark: _Hlk55126218][bookmark: _Hlk54797144]If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. If the overlapped CORESET has two TCI states, the UE is expected to prioritize the reception of PDCCH associated with the TCI states of that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers)
· If a UE is not configured with sfnSchemePdsch, and the UE is configured with sfnSchemePdcch set to 'sfnSchemeA' and there is no TCI codepoint witih two TCI states in the activation command and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the first TCI state of two TCI states indicated for the CORESET. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. If the overlapped CORESET has two TCI states, the UE is expected to prioritize the reception of PDCCH associated with the first TCI state of that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).
<Unchanged text omitted>



3. Remaining issues on default TCI for Rel-17 SFN PDCCH/PDSCH
We would like to deal with some remaining issues on default TCI considering Rel-17 SFN PDCCH/PDSCH.
The following two agreements were made in RAN1#106-e and RAN1#107-e, respectively, which are related to default beam operation for PDSCH when scheduling offset is less than the threshold timeDurationForQCL.
	Agreement
If enableTwoDefaultTCI-States is configured and at least one TCI codepoint indicates two TCI states and time offset between the reception of the DL DCI and the PDSCH is less than the threshold timeDurationForQCL, default beam(s) for Rel-17 enhanced SFN PDSCH (scheme 1 or if supported TRP-based pre-compensation) reception:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
This is a UE optional feature

Agreement
The agreement from RAN1#106b-e meeting is updated as follows
When SFN PDSCH is not configured by RRC and there is no TCI codepoint which indicates two TCI states activated for the PDSCH (i.e. Rel-16 MTRP PDSCH is not configured), for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL,
· For DCI format 1_1/1_2, support both configurations with and without TCI state field. 
· [If enableTwoDefaultTCIStates  is not configured,] for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS : Whether above applies for TRP -based pre-compensation if TRP -based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET  with the lowest controlResourceSetId  in the latest slot when receiving the PDSCH
· It is up to editor how to capture the above agreement


It seems that above agreements do not cover the scenario when PDSCH is RRC configured with SFN scheme and enableTwoDefaultTCIStates is not configured. In order to make complete specification, in such scenario, we support the similar default beam behavior with the second agreement above.
Proposal 4. When SFN PDSCH is configured by RRC, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL
· For DCI format 1_1/1_2, support both configurations with and without TCI state field.
· If enableTwoDefaultTCIStates is not configured, for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS: Whether above applies for TRP-based pre-compensation if TRP-based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest controlResourceSetId in the latest slot when receiving the PDSCH

Proposal 6. Support the following TP in TS38.214.
	5.1.5	Antenna ports quasi co-location
<Unchanged text omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
<Unchanged text omitted>
· If a UE is not configured with sfnSchemePdsch, and the UE is configured with sfnSchemePdcch set to 'sfnSchemeA' and there is no TCI codepoint witih two TCI states in the activation command and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the first TCI state of two TCI states indicated for the CORESET.
· If a UE is configured with sfnSchemePdsch, and the UE is not configured with enableTwoDefaultTCI-States, 
· if the UE is configured with sfnSchemePdcch set to 'sfnSchemeA', and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the first TCI state of two TCI states indicated for the CORESET.
· otherwise, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
<Unchanged text omitted>



3. RLM RS selection considering CORESET activated with two TCI states
Based on the enhancement on Rel-17 HST-SFN, the number of activated TCI states can be extended as 2. The motivation on some enhancements, e.g., defining new default beam behaviors (for PUCCH, PUSCH, SRS, and PDSCH) BFD RS, and QCL prioritization rule, is to clarify whether the existing rule considering CORESET with a single TCI state is extended or not when two TCI states are activated in CORESET.
One more possible enhancement is RLM RS selection rule considering two activated TCI states for CORESET. In current specification, When RadioLinkMonitoringRS is not configured, there is a rule to select RLM RSs among the source RS of TCI state for CORESETs which have a single TCI. The selection priority depends on the periodicity of search space set first (the shortest periodicity has the highest selection priority) and if periodicities are same, then the index of CORESET can be used to determine a selection priority (the highest CORESET ID has the highest selection priority). Hence, if two TCI states are activated for all CORESETs or some CORESETs among all CORESETs, it should be studied whether/how to enhance RLM RS selection rule (e.g., the number of activated TCI states can be considered as an additional standard for selection priority).
In RAN1#108-e, it has been discussed that the rule based selection for multiple BFD RSs for implicit BFD RS configuration. However, there is no agreement or conclusion since selecting implicit BFD RSs is based on UE implementation so far. However, as mentioned above, since there is a selection rule for RLM RS, it should be enhanced considering CORESETs with two TCI states which can have higher priority than CORESETs with a single TCI state. If this issue is not addressed, then RLM RS cannot be selected if there is at least one CORESET with two TCI states.
Proposal 7. Support the following TP in TS38.213..
	5	Radio link monitoring
<Unchanged text omitted>
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
· the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
· if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS is configured with qcl-Type set to 'typeD' [6, TS 38.214] and the UE uses the RS configured with qcl-Type set to 'typeD' for radio link monitoring; the UE does not expect both RS to be configured with qcl-Type set to 'typeD'
· the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
· For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in clause 10.1.
· For [image: ]and [image: ]= 8, if the UE is configured with sfnSchemePdcch and at least one CORESET is associated with two TCI states, the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the CORESETs with two TCI states with higher priority than the CORESETs with a single TCI state. Among the CORESETs with same number of TCI state(s), the UE determines the order of the CORESET from the highest CORESET index as described in clause 10.1.
A UE does not expect to use more than [image: ] RadioLinkMonitoringRS for radio link monitoring when the UE is not provided RadioLinkMonitoringRS.
<Unchanged text omitted>



Conclusion
In this contribution, the following observations and proposals are given: 
PUCCH/PUSCH enhancements

Proposal 1: To clarify determination of actual number of UL PT-RS ports, suggest the following TP:
	6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
--- start of TP ---
When only one SRS resource set is configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' Ffor partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers which are indicated by 'Precoding information and number of layers' field(s) in DCI format 0_1 and DCI format 0_2 or configured by higher layer parameter precodingAndNumberOfLayers:
- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].
When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' for partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) to transmit corresponding to each SRS resource set is determined based on TPMI(s) which are indicated by 'Precoding information and number of layers' field or both 'Precoding information and number of layers' field and 'Second Precoding information' field corresponding to the associated SRS resource set or higher layer parameter precodingAndNumberOfLayers or both precodingAndNumberOfLayers and precodingAndNumberOfLayers2 corresponding to the associated SRS resource set in rrc-ConfiguredUplinkGrant.
- if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI(s) as:
- PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PT-RS port 1.
- UL PT-RS port 0 is associated with the UL layer 'x' of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI(s), and UL PT-RS port 1 is associated with the UL layer 'y' of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI(s), where 'x' and/or 'y' are given by DCI parameter 'PTRS-DMRS association' as shown in DCI format 0_1 and DCI format 0_2 described in Clause 7.3.1 of [5, TS38.212].

--- end of TP ---



Inter-cell multi-TRP

Proposal 2. Support the following TP in TS 38.214.
	5.1.4	PDSCH resource mapping
<Unchanged text omitted>
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Clauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. When the UE is configured with [NumberOfAdditionalPCI] and is not provided DLorJoint-TCIState or followUnifiedTCIstate, if the PDSCH resource allocation overlaps with PRBs containing a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SSB-MTC-AdditionalPCI-r17 with same physical cell identity as the one associated with a RS having same quasi-collocation properties as the PDSCH, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
<Unchanged text omitted>



Beam management for multi-TRP

Proposal 3. Support the following TP in TS 38.214.
	5.1.6.1.2	CSI-RS for L1-RSRP and L1-SINR computation
<Unchanged text omitted>
If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to ‘on’, the UE may assume that the CSI-RS resources, described in Clause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. If repetition is set to ‘off’, the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter. When the higher layer parameter groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, the higher layer parameter repetition is set to the same value for both CSI resource sets.

<Unchanged text omitted>



HST-SFN

Proposal 4. Support the following TP in TS38.214.
	5.1.5	Antenna ports quasi co-location
<Unchanged text omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
· the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. If the overlapped CORESET has two TCI states, the UE is expected to prioritize the reception of PDCCH associated with the first TCI state of that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).
<Unchanged text omitted>



Proposal 5. Support the following TP in TS38.214.
	5.1.5	Antenna ports quasi co-location
<Unchanged text omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
<Unchanged text omitted>
· If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. If the overlapped CORESET has two TCI states, the UE is expected to prioritize the reception of PDCCH associated with the TCI states of that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers)
· If a UE is not configured with sfnSchemePdsch, and the UE is configured with sfnSchemePdcch set to 'sfnSchemeA' and there is no TCI codepoint witih two TCI states in the activation command and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the first TCI state of two TCI states indicated for the CORESET. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. If the overlapped CORESET has two TCI states, the UE is expected to prioritize the reception of PDCCH associated with the first TCI state of that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).
<Unchanged text omitted>



Proposal 6. Support the following TP in TS38.214.
	5.1.5	Antenna ports quasi co-location
<Unchanged text omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
<Unchanged text omitted>
· If a UE is not configured with sfnSchemePdsch, and the UE is configured with sfnSchemePdcch set to 'sfnSchemeA' and there is no TCI codepoint witih two TCI states in the activation command and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the first TCI state of two TCI states indicated for the CORESET.
· If a UE is configured with sfnSchemePdsch, and the UE is not configured with enableTwoDefaultTCI-States, 
· if the UE is configured with sfnSchemePdcch set to 'sfnSchemeA', and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the first TCI state of two TCI states indicated for the CORESET.
· otherwise, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
<Unchanged text omitted>



Proposal 7. Support the following TP in TS38.213..
	5	Radio link monitoring
<Unchanged text omitted>
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
· the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
· if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS is configured with qcl-Type set to 'typeD' [6, TS 38.214] and the UE uses the RS configured with qcl-Type set to 'typeD' for radio link monitoring; the UE does not expect both RS to be configured with qcl-Type set to 'typeD'
· the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
· For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in clause 10.1.
· For [image: ]and [image: ]= 8, if the UE is configured with sfnSchemePdcch and at least one CORESET is associated with two TCI states, the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the CORESETs with two TCI states with higher priority than the CORESETs with a single TCI state. Among the CORESETs with same number of TCI state(s), the UE determines the order of the CORESET from the highest CORESET index as described in clause 10.1.
A UE does not expect to use more than [image: ] RadioLinkMonitoringRS for radio link monitoring when the UE is not provided RadioLinkMonitoringRS.
<Unchanged text omitted>
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