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Introduction
In this contribution, we discuss our views on some remaining issues on multi-TRP PDCCH, PUSCH and PUCCH.
[bookmark: _Ref178064866]Discussion
PDCCH Enhancements 
 AL8 and AL16 ambiguity 
[bookmark: _Toc95653745][bookmark: _Toc95687691]For the four cases listed below related to AL8 and AL16, an agreement (copied below)  was made in RAN1#107e for cases a, b and c1. There are remaining two FFS items in the agreement.  Attempt to resolve the FFS items with a feature lead proposal (also copied below) was not successful in RAN1#107e.  It seems that an agreement is still needed for the FFS items.For RAN1#107-e:
Study whether/how to resolve ambiguities for interpretation of a detected DCI for the following cases:
· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4
· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
· Case c2: SS sets 1 and 2 are linked: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)


Agreement (RAN1#107e)
To address the ambiguity issue between AL8 and AL16 candidates in the presence of PDCCH repetition:
· For two linked AL8 PDCCH candidates in a first and second SS sets and two linked AL16 candidates in a third and fourth SS sets, UE expects different starting CCEs in a CORESET for any of the linked AL8 candidates and any of the linked AL16 candidates if the CORESET spans one OFDM symbol (i.e., Case c1 is not expected by UE)
· If two PDCCH candidates with AL8 and AL16 have the same start CCE in a CORESET with one OFDM symbol: 
· When at least one of the AL8 or AL16 candidates is linked with other PDCCH candidate, and UE receives a DCI on any of the AL8 or AL16 candidates, a scheduled PDSCH by the DCI is rate matched around the AL16 candidate and any PDCCH candidate linked with any of the AL8 or AL16 candidates (i.e., rate matching in Cases a, b and c2 is around the union of candidates)
· When one of the AL8 candidate or the AL16 candidate is linked to another PDCCH candidate for PDCCH repetition (i.e., Cases a or b), interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· FFS (to be resolved in this meeting): Whether/how to resolve potentially ambiguity for PUCCH resource determination for Case c2
· FFS (to be resolved in this meeting): Whether the above is applicable to non-interleaved CORESET only or both interleaved and non-interleaved CORESET

Updated feature lead proposal in RAN1#107e:
Updated FL Proposal 3-B: In the previous agreement, the two FFS’s are addressed as below:
· If two PDCCH candidates with AL8 and AL16 have the same start CCE in a CORESET with one OFDM symbol: 
· When the two PDCCH candidates are in a first SS set that is linked to a second SS set, and the second SS set has lower ID compared to the first SS set 
· Alt1: UE expects the linked AL8 candidate and the linked AL16 candidate in the second SS set to also have the same start CCE 
· Alt2: If the linked AL8 candidate and the linked AL16 candidate in the second SS set do not have the same start CCE, the one with lower starting CCE is assumed for PUCCH resource determination for HARQ-Ack when DL DCI is detected via any of the AL8 candidate or AL16 candidate in the first SS set and the corresponding PUCCH resource set has a size larger than eight
· The above (including the previous agreement) is applicable to non-interleaved CORESET 

Alt1 adds an unnecessary scheduling restriction.  For Alt2, a rule is introduced to resolve the ambiguity issue and is preferred in our view. The wording, however, needs to be updated because the rule should apply to DL DCI detected in both the first SS set and the second SS set.  Otherwise,  different PUCCH resources would be selected depending on in which SS set the DL DCI is detected.  Therefore, we have the following proposal.
[bookmark: _Toc95753228]If two PDCCH candidates with AL8 and AL16 have a same start CCE in a CORESET with one OFDM symbol and associated with a first SS set which is linked to a second SS set, where the second SS set has lower ID compared to the first SS set,  and if the linked AL8 candidate and the linked AL16 candidate in the second SS set do not have the same start CCE, then the one with lower starting CCE is assumed for PUCCH resource determination for HARQ-Ack when a DL DCI is detected via any of the AL8 candidate or AL16 candidate in any of the first and second SS sets if the corresponding PUCCH resource set has a size larger than eight
Supporting of Rel-17 Introduced Search Space Sets
It is a common understanding that PDCCH repetition is supported for UE specific search space sets. For common search space sets, the following agreements were made in the previous RAN1 meetings.  
Agreement (RAN1#106e)
Support PDCCH repetition for Type3 CSS.

Agreement 
SS set configured by recoverySearchSpaceId cannot be linked to another SS set for PDCCH repetition.

Agreement (RAN1#106bis-e)
The following SS sets cannot be linked with another SS set for PDCCH repetition: SS set 0, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace.

However, there are some new search spaces introduced in Rel-17,  including searchSpaceBroadcast, peiSearchSpace, and sdt-SearchSpace, that are not explicitly included in the agreements above.  For completeness of the specification, an explicit agreement may be needed  on whether PDCCH repetition is supported for the new search space sets.  Therefore, we have the following proposal:
[bookmark: _Toc95753229]Discuss in RAN1 to determine whether PDCCH repetition is supported for searchSpaceBroadcast, peiSearchSpace, and sdt-SearchSpace.
DCI format 0_2
In Rel-17, sTRP and mTRP PUSCH can be dynamically indicated in DCI format 0_1 and DCI format 0_2, this is described Table 7.3.1.1.2-36 of 38.212 v17.0.0.  In case of sTRP PUSCH, the PUSCH can be associated with either the first or second SRS resource set.  If  a value of  0  is indicated in the “SRS resource set indicator” field,  the “SRS resource indicator “ field in DCI format 0_1 or 0_2 is associated with the first SRS resource set configured. Otherwise, if a value of  1  is indicated in the “SRS resource set indicator” field,  the “SRS resource indicator “ field in DCI format 0_1 or 0_2 is associated with the second SRS resource set configured.
However, the above understanding is not reflected in the current text below on the “srs resource indicator” field of DCI format 0_2 in 38.212 v17.0.0:   
“…, where the SRS resource set is composed of the first  SRS resources together with other configurations in the SRS resource set, or in the SRS resource set with lower srs-ResourceSetId of two SRS resources sets, configured by higher layer parameter srs-ResourceSetToAddModList, if any, …” 
[bookmark: _Toc95753230]Consider adopting the text proposal (TP1) below for 38.212 v17.0.0
-------------- Start of  TP1 for 38.212 v17.0.0 ----------------
7.3.1.1.3	Format 0_2
DCI format 0_2 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_2 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
[bookmark: _Hlk95653423]---unchanged text omitted ---
[bookmark: OLE_LINK69]-	SRS resource indicator – or bits, where if a single SRS resource set is configured in higher layer parameter srs-ResourceSetToAddModListDCI-0-2,   is the number of configured SRS resources in the SRS resource set indicated by SRS resource set indicator field if present; otherwise  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 and associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', where the SRS resource set is composed of the first  SRS resources together with other configurations in the SRS resource set, or in the SRS resource set with lower srs-ResourceSetId of two SRS resources sets, configured by higher layer parameter srs-ResourceSetToAddModList, if any, and associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', respectively, except for the higher layer parameters 'srs-ResourceSetId' and 'srs-ResourceIdList'. If two SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2 , the SRS resource set is indicated by the SRS resource set indicator. 
-	 bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter txConfig = nonCodebook, where if a single SRS resource set is configured in higher layer parameter srs-ResourceSetToAddModListDCI-0-2,    is the number of configured SRS resources in the SRS resource set indicated by SRS resource set indicator field if present, otherwise  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 and associated with the higher layer parameter usage of value 'nonCodeBook', where the SRS resource set is composed of the first  SRS resources together with other configurations in the SRS resource set, or in the SRS resource set with lower srs-ResourceSetId of two SRS resources sets, configured by higher layer parameter srs-ResourceSetToAddModList, if any, and associated with the higher layer parameter usage of value 'nonCodeBook', except for the higher layer parameters 'srs-ResourceSetId' and 'srs-ResourceIdList', and. If two SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2 , the SRS resource set is indicated by the SRS resource set indicator.   
-	if UE supports operation with maxMIMO-LayersDCI-0-2 and the higher layer parameter maxMIMO-LayersDCI-0-2 of PUSCH-ServingCellConfig of the serving cell is configured, Lmax is given by that parameter 
-	otherwise, Lmax is given by the maximum number of layers for PUSCH supported by the UE for the serving cell for non-codebook based operation.
-	 bits according to Tables 7.3.1.1.2-32 if the higher layer parameter txConfig = codebook, where   is the number of configured SRS resources in the SRS resource set indicated by SRS resource set indicator field if present, otherwise  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 and associated with the higher layer parameter usage of value 'codeBook', where the SRS resource set is composed of the first  SRS resources together with other configurations in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList, if any, and associated with the higher layer parameter usage of value 'codeBook', except for the higher layer parameters 'srs-ResourceSetId' and 'srs-ResourceIdList'.
 ---unchanged text omitted ---
-------------- End of TP1 for 38.212 ----------------
PTRS to DMRS association
For PTRS to DMRS association, we have the following RAN1 agreements:
Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.
Agreement
For the indication of PTRS-DMRS association for maxRank > 2 in mTRP PUSCH repetition type B, select Option 1
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs.
Since sTRP and mTRP PUSCH transmissions can be dynamically scheduled as described in Table 7.3.1.1.2-36 of 38.212 v17.0.0,  sTRP PUSCH transmission can still be scheduled when two SRS resource sets are configured.  In case of  sTRP PUSCH,  the legacy Rel-15/16 PTRS to DMRS association should be applied. 
However, the current text below in 38.212 v17.0.0 does not reflect the above understanding. Based on the current highlighted texts, when SRS resource set indicator field is present, mTRP PUSCH transmission would automatically be assumed for PTRS to DMRS association. 
“PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
[bookmark: OLE_LINK40]-	2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present and maxRank>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present and maxRank=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A.”
To correctly reflect the RAN1 agreements that the new PTRS to DMRS associations are only applicable when mTRP PUSCH is scheduled, we have the following proposal:
[bookmark: _Toc95753231]Adopt the text proposal (TP2) below for  PTRS to DMRS association in 38.212 v17.0.0
--------------- Start of  TP2 for 38.212 v17.0.0-------------
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758][bookmark: _Toc36045948][bookmark: _Toc36046208][bookmark: _Toc36046354][bookmark: _Toc45209271][bookmark: _Toc51852445][bookmark: _Toc90994131] 7.3.1.1.2	 Format 0_1
DCI format 0_1 is used for the scheduling of one or multiple PUSCH in one cell, or indicating CG downlink feedback information (CG-DFI) to a UE. 
---unchanged text omitted ---
PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present, and a value of 2 or 3 is indicated in the SRS resource set indicator field,  and maxRank>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present, and a value of 2 or 3 is indicated in the SRS resource set indicator field,  and maxRank=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A.
[bookmark: _Toc29326609][bookmark: _Toc29327759][bookmark: _Toc36045949][bookmark: _Toc36046209][bookmark: _Toc36046355][bookmark: _Toc45209272][bookmark: _Toc51852446][bookmark: _Toc90994132]---unchanged text omitted ---
7.3.1.1.3	Format 0_2
DCI format 0_2 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_2 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
---unchanged text omitted ---
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRankDCI-0-2=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present, and a value of 2 or 3 is indicated in the SRS resource set indicator field,   and maxRankDCI-0-2>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26 field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present, and a value of 2 or 3 is indicated in the SRS resource set indicator field,   and maxRankDCI-0-2=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A.
---unchanged text omitted ---
-------------------End of TP2 for 38.212 ------------------






PUCCH Enhancements
Number of PUCCH repetitions
The following agreements were made on number of mTRP PUCCH repetitions in previous RAN1 meetings:
RAN1#104-e:
Agreement
For M-TRP PUCCH scheme 1, 
· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  
· FFS: maximum repetition number can be extended to 16.
· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  
· FFS: other values.
· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 

Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.

RAN1#105e:
Agreement 
Confirm the working assumption with removing brackets on [consecutive] and adding UE capability.
· For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats.
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
· Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.
· This feature is optional. 

The following RAN1 agreements were made under Rel-17 coverage enhancement WI in which 2, 4 and 8 repetitions are supported for all PUCCH formats and for both intra-slot and inter-slot PUCCH repetitions .  
Agreement 
· For a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 
Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.

Agreement
Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.

Agreement 
Support dynamic PUCCH repetition factor indication for all PUCCH formats including format 0, 1, 2, 3, 4 with a unified mechanism as agreed in RAN1#106e under agenda 8.8.2. 

The following agreements were made for intra-slot PUCCH repetition in Rel-17 IOT and URLLC WI:
Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.


Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 



Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement: Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.



Based on the previous agreements above for mTRP PUCCH repetition, the number of repetitions agreed in Rel-17 coverage enhancement WI and IOT & URLLC WI  should also be applicable to mTRP PUCCH.  Therefore, some clarification may be needed. 
[bookmark: _Toc95753232]Some clarifications are needed on supporting the additional PUCCH repetition factors agreed in REl-17 CoV. Enh. WI and Rel-17 IOT and URLLC WI
[bookmark: _Toc95753233]For all PUCCH formats 0 to 4, the total number of repetitions can be 2, 4, or 8 for both Scheme 1 and Scheme 3.
PUCCH power control in FR1
Previous RAN1 agreements on power control for Rel-17 multi-TRP PUCCH in FR1:
RAN1#104e:
Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 
· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 
· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.
· FFS: whether PUCCH resource group can be linked to power control parameter sets.

RAN1#104bis-e:
Agreement
For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported
· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).
· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.
In addition, some related agreements were made in RAN2 below:
RAN2#116e-bis agreements:
add a new IE for power control for mTRP FR1 operation and consult on the number of power control sets to be configured. 
[060] Introduce the new MAC CE(s) to support PUCCH Power control set update (with power control) for FR1 cases. FFS, detail MAC CE design based on new RRC IE for FR1-dedicated power control set.

There is a question from RAN2  on the number of power control parameter sets for PUCCH in case of FR1.  In Rel-15 /16,   if  spatial relation is not configured,  the first P0 in the P0-set, the 1st pathloss RS in PUCCH-PathlossReferenceRS, and closed-loop index    are used for PUCCH according to 38.213.  This means that in FR1, a single set of power control parameters is used for PUCCH transmission to a single TRP.  
For Rel-17 multi-TRP PUCCH transmission to two TRPs, two sets of power control parameters, one for each TRP,  should be activated for a PUCCH resource in FR1. To support dynamic TRP selection out of more than two TRPs, multiple sets of power control parameters may be configured by RRC in FR1 and one or two sets are activated for a PUCCH resource.  Up to 8 sets may be configured.   Therefore, we have the following proposal:
[bookmark: _Toc95753234] Up to 8 sets of power control parameters are supported in FR1 for Rel-17 multi-TRP PUCCH.
When multiple sets of power control parameters are configured for FR1 and spatial relation is not configured for PUCCH,  the existing text in 38.213 need to be updated.  A text proposal for the required changes is provided below, where the changes are highlighted in red colour. 
[bookmark: _Toc95753235]Adopt text proposal  TP1 below related to power control in FR1 in 38.213 v17.0.0.
[bookmark: _Toc12021448][bookmark: _Toc20311560][bookmark: _Toc26719385][bookmark: _Toc29894816][bookmark: _Toc29899115][bookmark: _Toc29899533][bookmark: _Toc29917270][bookmark: _Toc36498144][bookmark: _Toc45699170][bookmark: _Toc92093811]----------------Start of TP1 for 38.213 V17.0.0----------------
7.2.1	UE behaviour
If a UE transmits a PUCCH on active UL BWP  of carrier  in the primary cell  using PUCCH power control adjustment state with index , the UE determines the PUCCH transmission power  in PUCCH transmission occasion  as
[image: ] [dBm]
where 
-	 is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS38.101-3] for carrier  of primary cell  in PUCCH transmission occasion 
-	 is a parameter composed of the sum of a component , provided by p0-nominal, or  dBm if p0-nominal is not provided, for carrier  of primary cell  and, if provided, a component  provided by p0-PUCCH-Value in P0-PUCCH for active UL BWP  of carrier  of primary cell , where .  is a size for a set of  values provided by maxNrofPUCCH-P0-PerSet. The set of  values is provided by p0-Set. If p0-Set is not provided to the UE, , 
-	If the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-PUCCH-Id, between a set of pucch-SpatialRelationInfoId values and a set of p0-PUCCH-Value values. If the UE is provided more than one values for pucch-SpatialRelationInfoId and the UE receives an activation command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfoId, the UE determines the p0-PUCCH-Value value through the link to a corresponding p0-PUCCH-Id index. The UE applies the activation command in the first slot that is after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and  is the SCS configuration for the PUCCH 
· If the UE is not provided PUCCH-SpatialRelationInfo and is provided with a configuration of  multiple sets of power control parameters for FR1, and the UE receives an activation command [11, TS 38.321] indicating one or two of the  multiple sets of power control parameters, the UE determines the p0-PUCCH-Value value according to the corresponding one or two sets of power control parameters. The UE applies the activation command in the first slot that is after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and  is the SCS configuration for the PUCCH
[bookmark: _Hlk95208502]-	If the UE is not provided PUCCH-SpatialRelationInfo and a configuration of  multiple sets of power control parameters for FR1, the UE obtains the p0-PUCCH-Value value from the P0-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set
-	 is a bandwidth of the PUCCH resource assignment expressed in number of resource blocks for PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell  and  is a SCS configuration defined in [4, TS 38.211]
-	 is a downlink pathloss estimate in dB calculated by the UE using RS resource index  as described in clause 7.1.1 for the active DL BWP  of carrier  of the primary cell  as described in clause 12
-	If the UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer parameters, the UE calculates  using a RS resource obtained from an SS/PBCH block with same SS/PBCH block index as the one the UE uses to obtain MIB
-	If the UE is provided a number of RS resource indexes, the UE calculates  using RS resource with index , where .  is a size for a set of RS resources provided by maxNrofPUCCH-PathlossReferenceRSs. The set of RS resources is provided by pathlossReferenceRSs. The set of RS resources can include one or both of a set of SS/PBCH block indexes, each provided by ssb-Index in PUCCH-PathlossReferenceRS when a value of a corresponding pucch-PathlossReferenceRS-Id maps to a SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when a value of a corresponding pucch-PathlossReferenceRS-Id maps to a CSI-RS resource index. The UE identifies a RS resource in the set of RS resources to correspond either to a SS/PBCH block index or to a CSI-RS resource index as provided by pucch-PathlossReferenceRS-Id in PUCCH-PathlossReferenceRS
-	If the UE is provided pathlossReferenceRSs and PUCCH-SpatialRelationInfo, the UE obtains a mapping, by indexes provided by corresponding values of pucch-PathlossReferenceRS-Id, between a set of pucch-SpatialRelationInfoId values and a set of referenceSignal values provided by PUCCH-PathlossReferenceRS. If the UE is provided more than one values for pucch-SpatialRelationInfoId and the UE receives an activation command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfoId, the UE determines the referenceSignal value in PUCCH-PathlossReferenceRS through the link to a corresponding pucch-PathlossReferenceRS-Id index. The UE applies the activation command in the first slot that is after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and  is the SCS configuration for the PUCCH 
-	If PUCCH-SpatialRelationInfo includes servingCellId indicating a serving cell, the UE receives the RS for resource index  on the active DL BWP of the serving cell
· If the UE is provided pathlossReferenceRSs and a configuration of   multiple sets of power control parameters for FR1 and is not provided PUCCH-SpatialRelationInfo, and the UE receives an activation command [11, TS 38.321] indicating one or two of the  multiple sets of power control parameters, the UE determines the corresponding referenceSignal value in PUCCH-PathlossReferenceRS indicated in the  one or two  sets of power control parameters
[bookmark: _Hlk95208929]-	If the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo and a configuration of multiple sets of power control parameters for FR1, the UE obtains the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-Id with index 0 in PUCCH-PathlossReferenceRS where the RS resource is either on the primary cell or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
-	If the UE
-	is not provided pathlossReferenceRSs, and
-	is not provided PUCCH-SpatialRelationInfo, and
- 	is not provided a configuration of multiple power control parameter sets for FR1
-	is provided enableDefaultBeamPL-ForPUCCH, and 
-	is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of 1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search space set maps to two TCI states [5, TS 38.212] 
	the UE determines a RS resource index  providing a periodic RS resource configured with qcl-Type set to 'typeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP of the primary cell. If the CORESET has two activated TCI states, as described in clause 10.1, the UE determines the RS resource index  based on the first activated TCI state. For a PUCCH transmission over multiple slots, a same  applies to the PUCCH transmission in each of the multiple slots.
---unchanged text omitted ---
-	For the PUCCH power control adjustment state  for active UL BWP  of carrier  of primary cell  and PUCCH transmission occasion 
[bookmark: _Hlk534811171]-	 is a TPC command value included in a DCI format associated with the PUCCH transmission for active UL BWP  of carrier  of the primary cell  that the UE detects for PUCCH transmission occasion , or is jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI [5, TS 38.212], as described in clause 11.3
-	 if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo or a configuration of   multiple sets of power control parameters, and  if the UE is not provided twoPUCCH-PC-AdjustmentStates, or PUCCH-SpatialRelationInfo,  and a configuration of  multiple sets of power control parameters,
---unchanged text omitted ---
-	   is the current PUCCH power control adjustment state  for active UL BWP  of carrier  of primary cell  and PUCCH transmission occasion , where 
-	The  values are given in Table 7.1.2-1
-	  is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUCCH transmission occasion  and [image: ] symbols before PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell  for PUCCH power control adjustment state, where  is the smallest integer for which  symbols before PUCCH transmission occasion  is earlier than  symbols before PUCCH transmission occasion 
-	If the PUCCH transmission is in response to a detection by the UE of a DCI format,  is a number of symbols for active UL BWP  of carrier  of primary cell  after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUCCH transmission
-	If the PUCCH transmission is not in response to a detection by the UE of a DCI format,  is a number of  symbols equal to the product of a number of symbols per slot, , and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP  of carrier  of primary cell 
-	If the UE has reached maximum power for active UL BWP  of carrier  of primary cell  at PUCCH transmission occasion  and , then 
-	If UE has reached minimum power for active UL BWP  of carrier  of primary cell  at PUCCH transmission occasion  and , then  
-	If a configuration of a  value for a corresponding PUCCH power control adjustment state  for active UL BWP  of carrier  of primary cell  is provided by higher layers, 
-	
	If the UE is provided PUCCH-SpatialRelationInfo, the UE determines the value of  from the value of  based on a pucch-SpatialRelationInfoId value associated with the p0-PUCCH-Id value corresponding to  and with the closedLoopIndex value corresponding to ; 
 	Else if the UE is provided with a configuration of  multiple sets of power control parameters for FR1, and if the UE receives an activation command for the PUCCH resource indicating one or two of the  multiple sets of power control parameters, the UE determines the value of  based on the indicated the first or second sets of power control parameters where the closedLoopIndex value contained in the indicated set of power control parameters corresponds to 
    otherwise, 
-	Else, 
---unchanged text omitted ---
---------------------End of TP1 for 38.213 -------------------
Conclusion
In this paper, we have discussed some remaining issues and possible solutions related to PDCCH, PUSCH and PUCCH enhancement for multiple TRPs.  Based on the discussions, we propose the following:
Proposal 1	If two PDCCH candidates with AL8 and AL16 have a same start CCE in a CORESET with one OFDM symbol and associated with a first SS set which is linked to a second SS set, where the second SS set has lower ID compared to the first SS set,  and if the linked AL8 candidate and the linked AL16 candidate in the second SS set do not have the same start CCE, then the one with lower starting CCE is assumed for PUCCH resource determination for HARQ-Ack when a DL DCI is detected via any of the AL8 candidate or AL16 candidate in any of the first and second SS sets if the corresponding PUCCH resource set has a size larger than eight
Proposal 2	Discuss in RAN1 to determine whether PDCCH repetition is supported for searchSpaceBroadcast, peiSearchSpace, and sdt-SearchSpace.
Proposal 3	Consider adopting the text proposal (TP1) below for 38.212 v17.0.0
Proposal 4	Adopt the text proposal (TP2) below for  PTRS to DMRS association in 38.212 v17.0.0
Proposal 5	Some clarifications are needed on supporting the additional PUCCH repetition factors agreed in REl-17 CoV. Enh. WI and Rel-17 IOT and URLLC WI
Proposal 6	For all PUCCH formats 0 to 4, the total number of repetitions can be 2, 4, or 8 for both Scheme 1 and Scheme 3.
Proposal 7	Up to 8 sets of power control parameters are supported in FR1 for Rel-17 multi-TRP PUCCH.
Proposal 8	Adopt text proposal  TP1 below related to power control in FR1 in 38.213 v17.0.0.
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref75259190]Chairman’s notes, RAN1#107-e, November 11th –19th, 2021.
R1-2112454, Summary #2 of [107-e-NR-feMIMO-02] Email discussion on multi-TRP for PDCCH, RAN1#107-e, November 11th –19th, 2021.
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