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1 Introduction
In this contribution, we provide several text proposals on multi-TRP based PDCCH, PUCCH, and PUSCH transmissions.

2 Multi-TRP based PDCCH transmission
2.1 Reference PDCCH candidate with two PDCCH candidates
The following is the text in the latest 38.214 [1] in Rel-17, which describes the reference PDCCH candidate for PDCCH reception with two PDCCH candidates. But “two configured PDCCH candidates” is used in some paragraphs, while “two linked PDCCH candidates” is used in other paragraphs. We prefer to use a unified wording. Thus we propose the following TP to 38.214.
Proposal 1: Adopt the following TP to 38.214.
	[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267][bookmark: _Toc36645497][bookmark: _Toc45810542][bookmark: _Toc91695408][bookmark: _Hlk92396614]-------------------------- Start of Text Proposal for TS 38.214 --------------------------
<Unchanged parts omitted>

5.1	UE procedure for receiving the physical downlink shared channel
…
The UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where the symbol duration is based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, the PDCCH candidate that ends later in time among the two configured linked PDCCH candidates is used.
…
[bookmark: _Toc11352084][bookmark: _Toc20317974][bookmark: _Toc27299872][bookmark: _Toc29673137][bookmark: _Toc29673278][bookmark: _Toc29674271][bookmark: _Toc36645501][bookmark: _Toc45810546][bookmark: _Toc91695412]5.1.2.1	Resource allocation in time domain
…
The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received in the same slot and was not contained within the first three symbols of the slot. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, if the two linked PDCCH candidates scheduling the PDSCH with mapping Type A were received in the same slot, both linked PDCCH candidates are expected to be contained within the first three symbols of the slot.
…
[bookmark: _Toc11352094][bookmark: _Toc20317984][bookmark: _Toc27299882][bookmark: _Toc29673147][bookmark: _Toc29673288][bookmark: _Toc29674281][bookmark: _Toc36645511][bookmark: _Toc45810556][bookmark: _Toc91695423]5.1.4.1	PDSCH resource mapping with RB symbol level granularity
…
If a PDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for the PDSCH. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, the resources corresponding to a union of the two configured linked PDCCH candidates scheduling the PDSCH and the associated PDCCH DM-RS are not available for the PDSCH. When precoderGranularity configured in a CORESET where the PDCCH was detected is set to 'allContiguousRBs', the associated PDCCH DM-RS are DM-RS in all REGs of the CORESET. Otherwise, the associated DM-RS are the DM-RS in REGs of the PDCCH.
…
[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc91695425]5.1.5	Antenna ports quasi co-location
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the time offset between the reception of the DL DCI and the corresponding PDSCH, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the configuration of tci-PresentInDCI or tci-PresentDCI-1-2, the UE expects the same configuration in the first and second CORESETs associated with the configured PDCCH candidates;
…
[bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc27299905][bookmark: _Toc29673173][bookmark: _Toc29673314][bookmark: _Toc29674307][bookmark: _Toc36645537][bookmark: _Toc45810582][bookmark: _Toc91695450]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
…
-	when the PDCCH candidates are configured for PDCCH reception, the span that involves the PDCCH candidates that ends later in time among the two configured linked PDCCH candidates is used.
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources, the PDCCH candidate that ends later in time among the two configured linked PDCCH candidates is used, and the UE does not expect that the aperiodic CSI-RS is transmitted before the first symbol of the PDCCH candidate that starts later in time among the two configured linked PDCCH candidates.
…
[bookmark: _Toc29673174][bookmark: _Toc29673315][bookmark: _Toc29674308][bookmark: _Toc36645538][bookmark: _Toc45810583][bookmark: _Toc91695451]5.2.1.5.1a	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have different numerologies
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining Ncsirs, the PDCCH candidate that ends later in time among the two configured linked PDCCH candidates is used.
…
[bookmark: _Toc11352119][bookmark: _Toc20318009][bookmark: _Toc27299907][bookmark: _Toc29673176][bookmark: _Toc29673317][bookmark: _Toc29674310][bookmark: _Toc36645540][bookmark: _Toc45810585][bookmark: _Toc91695454][bookmark: _Toc29673195][bookmark: _Toc29673336][bookmark: _Toc29674329][bookmark: _Toc36645559][bookmark: _Toc45810604][bookmark: _Toc91695474]5.2.1.6	CSI processing criteria
…
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used.
-	An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used.
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the NZP CSI-RS resource active duration, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used. For semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. For periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times. For a CSI-RS Resource Set for channel measurement configured with two Resource Groups and  Resource Pairs, if a CSI-RS resource is referred  times by one of the  CSI-RS resources, where  is defined in clause 5.2.1.4.2, and/or one or two Resource Pairs, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted  times.
…
5.3.1	Application delay of the minimum scheduling offset restriction
…
When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field is received outside the first three symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining 'Minimum applicable scheduling offset indicator' field is received outside the first three symbols of the slot, the PDCCH candidate that ends later in time among the two configured linked PDCCH is used.
…
[bookmark: _Toc11352136][bookmark: _Toc20318026][bookmark: _Toc27299924][bookmark: _Toc29673196][bookmark: _Toc29673337][bookmark: _Toc29674330][bookmark: _Toc36645560][bookmark: _Toc45810605][bookmark: _Toc91695475]5.4	UE CSI computation time
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the last symbol of the PDCCH triggering the CSI report(s), the PDCCH candidate that ends later in time among the two configured linked PDCCH candidates is used.
…
[bookmark: _Toc29673197][bookmark: _Toc29673338][bookmark: _Toc29674331][bookmark: _Toc36645561][bookmark: _Toc45810606][bookmark: _Toc91695476]5.5	UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH
…
If the µPDCCH > µPDSCH, the UE is expected to receive the scheduled PDSCH, if the first symbol in the PDSCH allocation, including the DM-RS, as defined by the slot offset K0 and the start and length indicator SLIV of the scheduling DCI starts no earlier than Npdsch PDCCH symbols after the end of the PDCCH scheduling the PDSCH, not taking into account the effect of receive timing difference between the scheduling cell and the scheduled cell.
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining Npdsch, the PDCCH candidate that ends later in time among the two configured linked PDCCH candidates is used. 
…
[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563][bookmark: _Toc45810608][bookmark: _Toc91695478]6.1	UE procedure for transmitting the physical uplink shared channel
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the PDCCH ending in symbol i, the PDCCH candidate that ends later in time among the two configured linked PDCCH candidates is used. The UE is not expected to be scheduled to transmit another PUSCH by a DCI format 0_0 with CRC scrambled by TC-RNTI, for a given HARQ process with the DCI received before the end of the expected transmission of the last PUSCH for that HARQ process if the latter is scheduled by a DCI format 0_0 with CRC scrambled by TC-RNTI or by an UL grant in RA Response. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI for a given HARQ process with the DCI received before the end of the expected transmission of the last PUSCH for that HARQ process if the latter is scheduled by a DCI with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI.
…
[bookmark: _Toc11352140][bookmark: _Toc20318030][bookmark: _Toc27299928][bookmark: _Toc29673201][bookmark: _Toc29673342][bookmark: _Toc29674335][bookmark: _Toc36645565][bookmark: _Toc45810610][bookmark: _Toc91695480]6.1.1.1	Codebook based UL transmission
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the most recent transmission of SRS resource identified by the SRI, the PDCCH candidate that starts earlier in time among the two configured linked PDCCH candidates is used.
…
[bookmark: _Toc11352141][bookmark: _Toc20318031][bookmark: _Toc27299929][bookmark: _Toc29673202][bookmark: _Toc29673343][bookmark: _Toc29674336][bookmark: _Toc36645566][bookmark: _Toc45810611][bookmark: _Toc91695481]6.1.1.2	Non-Codebook based UL transmission
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the most recent transmission of SRS resource(s) identified by the SRI, the PDCCH candidate that starts earlier in time among the two configured linked PDCCH candidates is used.
…
[bookmark: _Toc11352166][bookmark: _Toc20318056][bookmark: _Toc27299954][bookmark: _Toc29673231][bookmark: _Toc29673372][bookmark: _Toc29674365][bookmark: _Toc36645595][bookmark: _Toc45810644][bookmark: _Toc91695519]6.4	UE PUSCH preparation procedure time
…
When the PDCCH candidates are associated with a search space set configured with searchSpaceLinking, for the purpose of determining the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, the PDCCH candidate that ends later in time among the two configured linked PDCCH candidates is used.
…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.214 --------------------------



3 Multi-TRP based PUSCH/PUCCH transmission
3.1 Default beam for PUSCH
On the default beam for PUSCH transmission, the following agreement was made in RAN1#106-e [2].
	Agreement
If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID, is used as the default beam for PUSCH scheduled by DCI format 0_0.


[bookmark: OLE_LINK41][bookmark: OLE_LINK42]
Since two spatial relations are applied for multi-TRP based PUSCH transmission, the spatial relation with lower ID was agreed to be used as the default beam for PUSCH scheduled by DCI format 0_0.
Proposal 2: Adopt the following TP to subsection 6.1 of TS 38.214.
------------------------------------- Start of text proposal of 6.1 in TS 38.214 ------------------------------------
For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in Clause 9.2.1 of [6, TS 38.213]. If the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell corresponds to two spatial relations, the UE shall transmit the PUSCH according to the spatial relation with lowerthe lowest ID.
-------------------------------------------------- End of text proposal ------------------------------------------------

3.2 SRS resource sets for CG PUSCH
On the SRS resource sets for CG PUSCH transmission, the following agreement was made in RAN1#104b-e [3].
	Agreement
Confirm the following working assumption (with removing the last bullet):
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
FFS: Additional considerations on mapping patterns (including required beam switching gaps).



For the text proposal 6.1.2.3 in TS 38.214 as follows, the MappingPattern in the first dash should be modified to cyclicMapping.
Proposal 3: Adopt the following TP to accurately capture the agreement regarding the SRS resource sets for CG PUSCH transmission in subsection 6.1.2.3 of TS 38.214.
----------------------------------- Start of text proposal of 6.1.2.3 in TS 38.214 ----------------------------------
For PUSCH transmissions with a Type 2 configured grant, when two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, the SRS resource set association to (nominal) repetitions follows MappingPattern in ConfiguredGrantConfig as defined in Clause 6.1.2.1 for PUSCH scheduled by DCI format 0_1 and 0_2. For PUSCH transmissions with a Type 1 configured grant, when two SRS resource sets with usage set to 'codebook' or 'noncodebook' are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, if two SRS resource indicators and two precoding information are provided, the SRS resource set association to (nominal) repetitions is determined as follows. When K = 2, the first and second SRS resource sets are applied to the first and second (nominal) repetitions, respectively.
-	When K > 2 and cyclicMapping MappingPattern in ConfiguredGrantConfig is enabled, the first and second SRS resource sets are applied to the first and second (nominal) repetitions, respectively, and the same SRS resource set mapping pattern continues to the remaining (nominal) repetitions.
-	When K > 2 and sequentialMapping in ConfiguredGrantConfig is enabled, first SRS resource set is applied to the first and second (nominal) repetitions, and the second SRS resource set is applied to the third and fourth (nominal) repetitions, and the same SRS resource set mapping pattern continues to the remaining (nominal) repetitions.
-------------------------------------------------- End of text proposal ------------------------------------------------

3.3 Number of SRS resources in two SRS resource sets
On the number of SRS resources in two SRS resource sets, the following agreements were made in RAN1#106b-e [4] and RAN1#107-e [5].
	Agreement (RAN1#106b-e)
For both CB and NCB based mTRP PUSCH repetition schemes,
· The SRS-ResourceSets (the first and second SRS resource sets) applicable for multi-TRP PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively.
· The first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0 2 SRS resources in the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList.
· FFS: Whether the value of the NSRS,0 2 can be different
· The presence of the new field in the DCI for dynamic switching (2bits) is separately determined for DCI format 0_1 and DCI format 0_2 (based on whether two SRS resource sets are configured for that DCI format).

Agreement (RAN1#107-e)
For mTRP PUSCH repetition scheduled with DCI format 0_2, the value of the NSRS,0_2 in two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 should be the same.



According to the agreements, the two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 are composed of the first NSRS,0 2 SRS resources in the two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModList, respectively, and the value of the NSRS,0 2 in the two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 should be the same. To fully capture the agreement regarding the SRS resource number in two SRS resource sets, we suggest to adopt the following TP.
Proposal 4: Adopt the following TP to fully capture the agreement regarding the SRS resource number in two SRS resource sets in subsection 6.1.1.1 of TS 38.21 6.1.1.1 and 6.1.1.2 of TS 38.214.
----------------------------------- Start of text proposal of 6.1.1.1 in TS 38.214 ----------------------------------
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', one or two SRI(s), and one or two TPMI(s) are given by the DCI fields of two SRS resource indicator and two Precoding information and number of layers in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2. The UE applies the indicated SRI(s) and TPMI(s) to one or more PUSCH repetitions according to the associated SRS resource set of a PUSCH repetition according to clause 6.1.2.1. Each TPMI, based on indicated codepoint of SRS Resource Set indicator, is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource selected by the corresponding SRI when multiple SRS resources are configured for the applicable SRS resource set, or if a single SRS resource is configured for the applicable SRS resource set TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource. For one or two TPMI(s), the transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to the higher layer parameter nrofSRS-Ports in SRS-Config for the indicated SRI(s), as defined in Clause 6.3.1.5 of [4, TS 38.211]. When two SRIs are indicated, the UE shall expect the nrofSRS-Ports for the two indicated SRS resources to be the same. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. Each of the indicated one or two SRI(s) in slot n is associated with the most recent transmission of SRS resource of associated SRS resource set identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI. 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', the two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 are composed of the first NSRS,0 2 SRS resources in the two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModList, respectively, the UE is not expected to be configured with different number of SRS resources in the two SRS resource sets.
-------------------------------------------------- End of text proposal --------------------------------------------------

----------------------------------- Start of text proposal of 6.1.1.2 in TS 38.214 ----------------------------------
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 'nonCodebook', the two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 are composed of the first NSRS,0 2 SRS resources in the two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModList, respectively, the UE is not expected to be configured with different number of SRS resources in the two SRS resource sets
-------------------------------------------------- End of text proposal ------------------------------------------------

4 Conclusion
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, we discuss about some text proposals on the multi-TRP based PDCCH and PUCCH/PUSCH transmissions. Based on above discussions, we propose to adopt the above-mentioned text proposals.
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