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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#100bis e-meeting, several of proposed remaining issues were selected and discussed due to the workload. While there are still several essential issues to be defined, one of them is the default TCI states for scheme 2a/2b, 3 and 4.
In this contribution, we provided our views on the remaining issues on multi-TRP transmission.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Number of PUCCH with HARQ-ACK information within a slot
In RAN1#98bis meeting, two TDMed PUCCHs are allowed within one slot in case of separate ACK/NACK feedback.
	Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP


And in Rel-15, only one PUCCH with HARQ-ACK is allowed within one slot.
In current spec, the two descriptions are captured in different sections (section 9.2 for Rel-16 description and section 9.2.3 for Rel-15 description), which may cause ambiguous.
So we propose to clarify the issue:
Proposal 1: Clarify the number of PUCCH with HARQ-ACK information within a slot in section 9.2 of TS38.213.

Text proposal 1
>>> Text proposal for 38.213 Section 9.2 and section 9.2.3 >>>

[bookmark: _Ref496994961][bookmark: _Toc12021475][bookmark: _Toc20311587][bookmark: _Toc26719412][bookmark: _Toc29894847][bookmark: _Toc29899146][bookmark: _Toc29899564][bookmark: _Toc29917301]9.2	UCI reporting in physical uplink control channel
UCI types reported in a PUCCH include HARQ-ACK information, SR, LRR, and CSI. UCI bits include HARQ-ACK information bits, if any, SR information bits, if any, LRR information bit, if any, and CSI bits, if any. The HARQ-ACK information bits correspond to a HARQ-ACK codebook as described in Clause 9.1. For the remaining of this clause, any reference to SR is applicable for SR and/or for LRR.
A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot. When the UE transmits two PUCCHs in a slot and the UE is not provided ACKNACKFeedbackMode = SeparateFeedback, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.
If a UE is provided ACKNACKFeedbackMode = SeparateFeedback, the UE may transmit up to two PUCCHs with HARQ-ACK information in different symbols within a slot, otherwise, a UE does not expect to transmit more than one PUCCH with HARQ-ACK information within a slot.
In Clauses 9.2.3, 9.2.5.1 and 9.2.5.2, a UE assumes 11 CRC bits if a number of respective UCI bits is larger than or equal to 360; otherwise, the UE determines a number of CRC bits based on the number of respective UCI bits as described in [5, TS 38.212].
< Unchanged parts are omitted >

[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304]9.2.3	UE procedure for reporting HARQ-ACK
A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 
For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a DCI format, other than DCI format 1_0, scheduling a PDSCH reception or a SPS PDSCH release, the PDSCH-to-HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dl-DataToUL-ACK, or dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, as defined in Table 9.2.3-1. 
For a SPS PDSCH reception ending in slot [image: ], the UE transmits the PUCCH in slot [image: ] where [image: ] is provided by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH reception. 
< Unchanged parts are omitted >

>>> End Text proposal >>>

2.2 BWP switching
It was agreed that UE is expected to be scheduled with the same active BWP and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols. While in current spec, it seems to be more restricted as BWP switching is not allowed. To relax the unnecessary restriction, we propose that:
Proposal 2: In case of multi-PDCCH based multi-TRP transmission, BWP switching is only indicated from the PDCCH associated with CORESET provided CORESETPoolIndex with a value of 0.

Text proposal 2
>>> Text proposal for 38.214 Section 5.1 >>>

5.1	UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >

If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. The UE may only receive the BWP switching indication in the PDCCH associated to a ControlResourceSet without CORESETPoolIndex or a ControlResourceSet assigned with CORESETPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
< Unchanged parts are omitted >

>>> End Text proposal >>>

2.3 Default TCI state for URLLC transmission based on multi-TRP
It was agreed that in case that at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, 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 TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. That is 2 default TCI states are assumed, and are not indicated by the TCI field in DCI. In this case, at least for scheme 2a/2b and scheme 3, two transmission occasions should be assumed, and the number of transmission occasions is not derived from the indicated number of TCI states.
While in current spec, for URLLC schemes (scheme 2a/2b, scheme 3 and scheme 4), only the case with indicated TCI states in DCI is described. So we propose to clarify the case of default TCI states for URLLC schemes: 
Proposal 3: If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, for URLLC scheme 2a/2b and scheme 3 and scheme 4, two transmission occasions are assumed, and one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is associated to one PDSCH transmission occasion; and for URLLC scheme 4, one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is associated to one PDSCH transmission occasion following current rule; And the indicated TCI field in the corresponding PDCCH is ignored. 
Text proposal 3
>>> Text proposal for 38.214 Section 5.1 >>>

5.1	UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
[bookmark: _Hlk23778132]When a UE is configured by higher layer parameter RepSchemeEnabler set to one of ‘FDMSchemeA’, ‘FDMSchemeB’, ‘TDMSchemeA’, if the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”or if the UE assumes two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states as described in Clause 5.1.5.
-	When two TCI states are indicated in a DCI or when two TCI states are assumed, and the UE is set to ‘FDMSchemeA’, the UE shall receive a single PDSCH transmission occasion of the TB with each TCI state associated to a non-overlapping frequency domain resource allocation as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI or when two TCI states are assumed, and the UE is set to ‘FDMSchemeB’, the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping frequency domain resource allocation with respect to the other PDSCH transmission occasion as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI or when two TCI states are assumed, and the UE is set to ‘TDMSchemeA’, the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping time domain resource allocation with respect to the other PDSCH transmission occasion and both PDSCH transmission occasions shall be received within a given slot as described in Clause 5.1.2.1. 
otherwise, the UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2.
When a UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepNumR16 in PDSCH-TimeDomainResourceAllocation, the UE may expect to be indicated with one or two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' together with the DCI field “Time domain resource assignment’ indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNum16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”. 
-	When two TCI states are indicated in a DCI with ‘Transmission Configuration Indication’ field or when two TCI states are assumed, the UE may expect to receive multiple slot level PDSCH transmission occasions of the same TB with two TCI states used across multiple PDSCH transmission occasions as defined in Clause 5.1.2.1. 
-	When one TCI state is indicated in a DCI with ‘Transmission Configuration Indication’ field, the UE may expect to receive multiple slot level PDSCH transmission occasions of the same TB with one TCI state used across multiple PDSCH transmission occasions as defined in Clause 5.1.2.1. 
[bookmark: _Hlk23074489]otherwise, the UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2.
When a UE is not indicated with a DCI that DCI field “Time domain resource assignment’ indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, and it is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM group in the DCI field “Antenna Port(s)”, the UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 
When a UE is not indicated with a DCI that DCI field “Time domain resource assignment’ indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, and it is indicated with one TCI states in a codepoint of the DCI field 'Transmission Configuration Indication', the UE procedure for receiving the PDSCH upon detection of a PDCCH follows Clause 5.1. 
< Unchanged parts are omitted >
[bookmark: _Toc11352084][bookmark: _Toc20317974][bookmark: _Toc27299872][bookmark: _Toc29673137][bookmark: _Toc29673278][bookmark: _Toc29674271]5.1.2.1	Resource allocation in time domain
< Unchanged parts are omitted >
When a UE is configured by the higher layer parameter RepSchemeEnabler set to ‘TDMSchemeA’ and indicated DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, 
and the number of PDSCH transmission occasions is derived by the number of TCI states indicated by the DCI field 'Transmission Configuration Indication' of the scheduling DCI if the offset between the reception of the DL DCI and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', or if none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD'. 
-	If two TCI states are indicated by the DCI field ‘Transmission Configuration Indication’, the UE is expected to receive two PDSCH transmission occasions, where the first TCI state is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause 5.1.2.1. The second TCI state is applied to the second PDSCH transmission occasion, and the second PDSCH transmission occasion shall have the same number of symbols as the first PDSCH transmission occasion. If the UE is configured by the higher layers with a value in StartingSymbolOffsetK, it shall determine that the first symbol of the second PDSCH transmission occasion starts after  symbols from the last symbol of the first PDSCH transmission occasion. If the value is not configured via the higher layer parameter StartingSymbolOffsetK,   = 0 shall be assumed by the UE. The UE is not expected to receive more than two PDSCH transmission layers for each PDSCH transmission occasion. For two PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  applied respectively to the first and second TCI state.
-	Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in the time domain follows Clause 5.1.2.1. 
and the number of PDSCH transmission occasions is two 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 states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD'. 
-	the UE is expected to receive two PDSCH transmission occasions, where the first TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause 5.1.2.1. The second TCI state corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is applied to the second PDSCH transmission occasion, and the second PDSCH transmission occasion shall have the same number of symbols as the first PDSCH transmission occasion. If the UE is configured by the higher layers with a value in StartingSymbolOffsetK, it shall determine that the first symbol of the second PDSCH transmission occasion starts after  symbols from the last symbol of the first PDSCH transmission occasion. If the value is not configured via the higher layer parameter StartingSymbolOffsetK,   = 0 shall be assumed by the UE. The UE is not expected to receive more than two PDSCH transmission layers for each PDSCH transmission occasion. For two PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  applied respectively to the first and second TCI state.
Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in the time domain follows Clause 5.1.2.1. 
[bookmark: _Hlk26036768]When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList contain RepNumR16 in PDSCH-TimeDomainResourceAllocation, 
-	If two TCI states are indicated by the DCI field ‘Transmission Configuration Indication’ or if the UE assumes two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states as described in Clause 5.1.5, and together with the DCI field “Time domain resource assignment’ indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, the same SLIV is applied for all PDSCH transmission occasions, the first TCI state is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause 5.1.2.1. 
< Unchanged parts are omitted >

[bookmark: _Toc11352089][bookmark: _Toc20317979][bookmark: _Toc27299877][bookmark: _Toc29673142][bookmark: _Toc29673283][bookmark: _Toc29674276]5.1.2.3	Physical resource block (PRB) bundling
< Unchanged parts are omitted >
For a UE configured by the higher layer parameter RepSchemeEnabler set to ‘FDMSchemeA’ or ‘FDMSchemeB’, and when the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, or when the UE is assumed with two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states as described in Clause 5.1.5. 

-	If  is determined as "wideband", the first  PRBs are assigned to the first TCI state and the remaining  PRBs are assigned to the second TCI state, where is the total number of allocated PRBs for the UE. 

-	If  is determined as one of the values among {2, 4}, even PRGs within the allocated frequency domain resources are assigned to the first TCI state and odd PRGs within the allocated frequency domain resources are assigned to the second TCI state. 
-	The UE is not expected to receive more than two PDSCH transmission layers for each PDSCH transmission occasion.
For a UE configured by the higher layer parameter RepSchemeEnabler set to ‘FDMSchemeB’, and when the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication or when the UE is assumed with two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states as described in Clause 5.1.5, and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, each PDSCH transmission occasion shall follow the Clause 7.3.1 of [4, TS 38.211] with the mapping to resource elements determined by the assigned PRBs for corresponding TCI state of the PDSCH transmission occasion, and the UE shall only expect at most two code blocks per PDSCH transmission occasion when a single transmission layer is scheduled and a single code block per PDSCH transmission occasion when two transmission layers are scheduled. For two PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  are applied to the first and second TCI state, respectively.
< Unchanged parts are omitted >


[bookmark: _Toc11352091][bookmark: _Toc20317981][bookmark: _Toc27299879][bookmark: _Toc29673144][bookmark: _Toc29673285][bookmark: _Toc29674278]5.1.3.1	Modulation order and target code rate determination
< Unchanged parts are omitted >
For a UE configured with FDMSchemeB, and when the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication or when the UE is assumed with two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states as described in Clause 5.1.5, and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, the determined modulation order of PDSCH transmission occasion associated with the first TCI state is applied to the PDSCH transmission occasion associated with the second TCI state. 
< Unchanged parts are omitted >

[bookmark: _Toc11352092][bookmark: _Toc20317982][bookmark: _Toc27299880][bookmark: _Toc29673145][bookmark: _Toc29673286][bookmark: _Toc29674279]5.1.3.2	Transport block size determination
< Unchanged parts are omitted >


For a UE configured with FDMSchemeB and when the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication or when the UE is assumed with two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states as described in Clause 5.1.5, and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, the TBS determination follows the steps 1-4 with the following modification in step 1: a UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs corresponding to the first TCI state. and the determined TBS of PDSCH transmission occasion associated with the first TCI state is also applied to the PDSCH transmission occasion associated with the second TCI state.
< Unchanged parts are omitted >

[bookmark: _Toc11352103][bookmark: _Toc20317993][bookmark: _Toc27299891][bookmark: _Toc29673156][bookmark: _Toc29673297][bookmark: _Toc29674290]5.1.6.3	PT-RS reception procedure
< Unchanged parts are omitted >
When a UE configured by the higher layer parameter RepSchemeEnabler set to ‘FDMSchemeA’ or  ‘FDMSchemeB’, and when the UE is the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication or when the UE is assumed with two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states as described in Clause 5.1.5, and DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, the UE shall receive a single PT-RS port which is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH, a PT-RS frequency density is determined by the number of PRBs associated to each TCI state, and a PT-RS resource element mapping is associated to the allocated PRBs for each TCI state.
< Unchanged parts are omitted >

3 Conclusion
In this contribution, we provided our views on some remaining issues of multi-TRP transmission, and we proposed that:
Proposal 1: Clarify the number of PUCCH with HARQ-ACK information in section 9.2 of TS38.213.
Proposal 2: In case of multi-PDCCH based multi-TRP transmission, BWP switching is only indicated from the PDCCH associated with CORESET provided CORESETPoolIndex with a value of 0.
Proposal 3: If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, for URLLC scheme 2a/2b and scheme 3, two transmission occasions are assumed, and one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is associated to one PDSCH transmission occasion; and for URLLC scheme 4, one of the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is associated to one PDSCH transmission occasion following current rule; And the indicated TCI field in the corresponding PDCCH is ignored. 
4 [bookmark: _Ref344215723][bookmark: _GoBack]References
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