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Introduction
In Rel-16, NC-JT is introduced to further enhance spectral efficiency and reliability for NR system. Targeting different deployment scenarios, NC-JT transmission based on either single DCI or multiple DCIs can be supported. In addition to the above approaches, several enhanced schemes based on multi-TRP/panel transmission for URLLC have also been adopted in Rel-16. However, due to the lack of discussion time, there are still some issues left open. Therefore, in this contribution, we provide our views on some of the remaining issues needed to be considered to support multi-TRP/panel transmission.
Single-DCI based multi-TRP/panel transmission
Scheme switching
[bookmark: _Hlk16333865]In RAN1#99, the conditions for scheme differentiation for URLLC were agreed as follows,
	Agreement
Following TCI state and joint schemes are supported
	
	  TCI states
	CDM groups
	URLLCRepNum
	URLLCSchemeEnabler
	UE Behavior 

	0 (in spec draft)
	1
	>=1
	Not applicable
	Not applicable
	Rel 15 

	A (one scheme)
	1
	1
	Condition 1
	Configured or not configured 
	"Scheme 4" with repetition from the same TRP
Limitations agreed for Scheme 4 apply

	A’ (one scheme)
	1
	>=1
	Condition 2
	Not configured 
	Rel 15 

	B (in spec draft)
	2
	1
	Condition 1
	Not configured 
	Scheme 4

	C (in spec draft)
	2
	2
	Condition 2
	Not configured 
	1a/NCJT

	E (in spec draft)
	2
	2
	Condition 4
	Not configured 
	1a/NCJT

	F (in spec draft)
	2
	1
	Condition 4
	Configured 
	Scheme 2a/2b/3

	D’’ (one scheme)
	2
	2
	Condition 4
	Configured 
	1a/NCJT

	G’ (one scheme)
	1
	>=1
	Condition 2
	Configured 
	Rel 15 

	G (one scheme)
	1
	>=1
	Condition 4
	Configured 
	Rel 15 


Note:
· Condition 1: indicates at least one entry in pdsch-TimeDomainAllocationList containing URLLCRepNum (>1) in TDRA by DCI
· Condition 2: indicates one entry in pdsch-TimeDomainAllocationList having no URLLCRepNum by DCI, but at least one entry having URLLCRepNum
· Condition 4: None of entry in TDRA contains URLLCRepNum


[bookmark: p27]Since multiple schemes are supported for Rel-16 multi-TRP based URLLC, the exact scheme scheduled for PDSCH is identified based on the RRC configuration and the indication of DCI signalling. In the current spec [1], Condition 4 of Row F in the table above is missing for the scheme configuration as setting to one of scheme 2a/2b/3. And Condition 1 for scheme 4 of Row A and B was not correctly captured in spec too. The intention is to disable the dynamic switching between scheme 2a/2b/3 and scheme 4. This was also confirmed in the reply LS to RAN2 [2] that schemes 2a/2b/3 and scheme 4 are mutually exclusive from RAN1 perspective.
Also to align with the current RRC signaling in TS38.331 [3], the parameters in the TS38.214 [1] should be modified accordingly.
PDSCH-Config information element
-- ASN1START
-- TAG-PDSCH-CONFIG-START

PDSCH-Config ::=                        SEQUENCE {
----ommitted----
pdsch-TimeDomainAllocationList-v16xy     SetupRelease { PDSCH-TimeDomainResourceAllocationList-v16xy }      OPTIONAL,   -- Need M
repetitionSchemeConfig-r16               SetupRelease { RepetitionSchemeConfig-r16}                         OPTIONAL    -- Need M
]]

----omitted----
}


-- TAG-PDSCH-CONFIG-STOP
-- ASN1STOP

PDSCH-TimeDomainResourceAllocationList information element
-- ASN1START
-- TAG-PDSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START


PDSCH-TimeDomainResourceAllocationList ::=  SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation

PDSCH-TimeDomainResourceAllocation ::=   SEQUENCE {
    k0                                      INTEGER(0..32)                                                     OPTIONAL,   -- Need S
    mappingType                             ENUMERATED {typeA, typeB},
    startSymbolAndLength                    INTEGER (0..127)
}

PDSCH-TimeDomainResourceAllocationList-v16xy ::=  SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation-v16xy

PDSCH-TimeDomainResourceAllocation-v16xy ::=  SEQUENCE {
    repetitionNumber-r16                        ENUMERATED {n2, n3, n4, n5, n6, n7, n8, n16}  OPTIONAL -- Need R
}

-- TAG-PDSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP
Proposal 1:  Capture the agreement on scheme switching and align the parameters captured in TS38.214 with TS38.331.
The following TP proposed for TS38.214 is provided:
----------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Toc20317970][bookmark: _Toc11352080]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 repetitionSchemeConfig-r16 set to one of 'FDMSchemeA', 'FDMSchemeB', 'TDMSchemeA' and configured by the higher layer parameter PDSCH-config that indicates none of the entries in pdsch-TimeDomainAllocationList containing repetitionNumber-r16, 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)".
-	When two TCI states are indicated in a DCI 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 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 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. 
When a UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepNumR16 RepetitionNumber-r16 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, 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. 
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 RepetitionNumber-r16 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 RepetitionNumber-r16 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. 
[bookmark: _Toc11352084][bookmark: _Toc20317974]<Unchanged parts are omitted>
5.1.2.1	Resource allocation in time domain
<Unchanged parts are omitted>
When a UE is configured by the higher layer parameter RepSchemeEnabler repetitionSchemeConfig-r16 set to 'TDMSchemeA'  and configured by the higher layer parameter PDSCH-config that indicates none of the entries in pdsch-TimeDomainAllocationList containing repetitionNumber-r16 and indicated DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", 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 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. 
When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList contain RepNumR16 RepetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation, 
-	If two TCI states are indicated by the DCI field 'Transmission Configuration Indication' together with the DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 RepetitionNumber-r16 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. 
	When the value indicated by RepNumR16 RepetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by RepNumR16 RepetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable CycMapping or SeqMapping in RepTCIMapping. 
-	When CycMapping is enabled, the first and second TCI states are applied to the first and second PDSCH transmission occasions, respectively, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
-	When SeqMapping is enabled, first TCI state is applied to the first and second PDSCH transmissions, and the second TCI state is applied to the third and fourth PDSCH transmissions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
<Unchanged parts are omitted>
-	If one TCI state is indicated by the DCI field 'Transmission Configuration Indication' together with the DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 RepetitionNumber-r16 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 PDSCH transmission occasion follows Clause 5.1.2.1, the same TCI state is applied to all PDSCH transmission occasions. The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  is counted considering PDSCH transmission occasions. 
-	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. 
<Unchanged parts are omitted>
5.1.2.3	Physical resource block (PRB) bundling
<Unchanged parts are omitted>
For a UE configured by the higher layer parameter RepSchemeEnabler repetitionSchemeConfig-r16 set to 'FDMSchemeA' or 'FDMSchemeB' and configured by the higher layer parameter PDSCH-config that indicates none of the entries in pdsch-TimeDomainAllocationList containing repetitionNumber-r16, 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)", 

-	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 repetitionSchemeConfig-r16 set to 'FDMSchemeB' and configured by the higher layer parameter PDSCH-config that indicates none of the entries in pdsch-TimeDomainAllocationList containing repetitionNumber-r16, 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)", 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>
5.1.3.1	Modulation order and target code rate determination
<Unchanged parts are omitted>
For a UE configured with FDMSchemeB and configured by the higher layer parameter PDSCH-config that indicates none of the entries in pdsch-TimeDomainAllocationList containing repetitionNumber-r16, 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)", 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>
5.1.3.2	Transport block size determination
<Unchanged parts are omitted>


For a UE configured with FDMSchemeB and configured by the higher layer parameter PDSCH-config that indicates none of the entries in pdsch-TimeDomainAllocationList containing repetitionNumber-r16 and 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)", 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>
5.1.6.2	DM-RS reception procedure 
<Unchanged parts are omitted>
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 RepetitionNumber-r16 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 first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group.
<Unchanged parts are omitted>
5.1.6.3	PT-RS reception procedure
<Unchanged parts are omitted>
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 RepetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation, and if the UE is configured with the higher layer parameter maxNrofPorts equal to n2,  and if the UE is indicated with two TCI states by the codepoints 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 shall receive two PT-RS ports which are associated to the lowest indexed DM-RS port among the DM-RS ports corresponding to the first/second indicated TCI state, respectively. 
When a UE configured by the higher layer parameter RepSchemeEnabler repetitionSchemeConfig-r16 set to 'FDMSchemeA' or  'FDMSchemeB' and configured by the higher layer parameter PDSCH-config that indicates none of the entries in pdsch-TimeDomainAllocationList containing repetitionNumber-r16, and 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)", 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>
------------------------------------------------------- End of text proposal ------------------------------------------------------
Repetition number for scheme 4
When a UE is indicated in a TD-RA field in the DCI containing a repetition number parameter RepetitionNumber-r16, repetitions should be sent in consecutive RepetitionNumber-r16 slots for scheme 4.  If the UE is also configured with pdsch-AggregationFactor,  the Rel-16 repetition number should be applied instead. And this behavior should be clarified clearly in spec [1].  
Proposal 2: Rel-15 repetition number pdsch-AggregationFactor should be overwritten whenever Rel-16 repetition number RepetitionNumber-r16 is indicated by DCI.
The following TP for section 5.1.2.1 in TS38.214.is provided.
----------------------------------------------------- Start of text proposal ------------------------------------------------------
5.1.2.1	Resource allocation in time domain
<Unchanged parts are omitted>
[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, UE would ignore pdsch-AggregationFactor if  UE is also configured with pdsch-AggregationFactor in pdsch-config,
-	If two TCI states are indicated by the DCI field 'Transmission Configuration Indication' 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>
------------------------------------------------------- End of text proposal ------------------------------------------------------
Description of  Redundancy version for scheme 4 in 214
For scheme 4, the redundancy version applied to multiple transmission occasions associated with the first TCI state is derived from the table which was defined for slot aggregation transmission in Rel-15 when using the higher layer parameter pdsch_AggregationFatcor to indicate the repetition number of PDSCH.  However the description of the table is not appropriate for URLLC scheme 4 highlighted as below and may lead to a misunderstanding on repetition number indication. We suggest to use a separate table  for the illustration for scheme 4 to avoid the confusion.
Table 5.1.2.1-2: Applied redundancy version when pdsch-AggregationFactor is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



Proposal 3: Use a separate table from Rel-15 for the redundancy version applied for scheme 4.
The following TP for section 5.1.2.1 in TS38.214.is provided.
----------------------------------------------------- Start of text proposal ------------------------------------------------------
5.1.2.1	Resource allocation in time domain
<Unchanged parts are omitted>
[bookmark: _Hlk23779989]The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH transmission occasions associated with the first TCI state, the redundancy version to be applied is derived according to Table 5.1.2.1-32, where  is counted only considering PDSCH transmission occasions associated with the first TCI state. The redundancy version for PDSCH transmission occasions associated with the second TCI state is derived according to Table 5.1.2.1-43, where additional shifting operation for each redundancy version is configured by higher layer parameter RVSeqOffset and  is counted only considering PDSCH transmission occasions associated with the second TCI state. 

Table 5.1.2.1-3: Applied redundancy version when RepetitionNumber-r16 is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion with first TCI state

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3




Table 5.1.2.1-34: Applied redundancy version for the second TCI state when RVSeqOffset is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion with second TCI state

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



-	If one TCI state is indicated by the DCI field 'Transmission Configuration Indication' 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 PDSCH transmission occasion follows Clause 5.1.2.1, the same TCI state is applied to all PDSCH transmission occasions. The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  is counted considering PDSCH transmission occasions. 
-	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. 
<Unchanged parts are omitted>
------------------------------------------------------- End of text proposal ------------------------------------------------------
Default QCL for single-DCI based transmission
According to the agreement in RAN1#99, the support of two default TCI state is up to UE capability.
	Agreement(RAN1#99) 
For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',
· If the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:
· Use the TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states which are activated for PDSCH.
· If all the TCI codepoints are mapped to a single TCI state, then Rel-15 behavior is followed
The support of this feature is part of UE capability.


However, the highlighted part is not captured in current spec. 
Proposal 4: Fully capture the agreement regarding the capability of supporting two default TCI states in subsection 5.1.5 of 38.214.
-----------------------------------------Start of text proposal for 5.1.5 of TS 38.214 --------------------------------------------
<Unchanged parts are omitted>
For the UE supporting default QCL assumption with two TCI states, Iif 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', and at least one TCI codepoint indicates 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 TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
<Unchanged parts are omitted>
------------------------------------------------------- End of text proposal ------------------------------------------------------
Description of QCL assumption in 211
In Rel-15, as only single-TRP transmission is supported, it’s state in subsection 7.4.1.1.2 of 211 that The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain. However, with such restriction, NC-JT can’t be supported. Actually the QCL assumption of DMRS ports is mainly described in 214 for both single multiple TCI states cases. It’s more relevant to remove the above single-TCI-state restriction in 211.
In addition, to align with the description of QCL type D in other places in 211, the phrase “when applicable” should be added.
Proposal 5: To support NC-JT, the restriction on single-TCI-state assumption described in 211 should be removed.
----------------------------------------Start of text proposal for 7.4.1.1.2 of TS 38.214 -----------------------------------------
<Unchanged parts are omitted>
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx(when applicable). The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain. 
The UE may assume that no DM-RS collides with the SS/PBCH block.
------------------------------------------------------- End of text proposal ------------------------------------------------------
Mulit-DCI based multi-TRP/panel transmission
Out-of-order operation for PDSCH to HARQ-ACK
In RAN1 #98, the following agreement on multi-DCI based multi-TRP transmission with separate ACK/NACK feedback within a slot was reached.
	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



In RAN1 #99, the following agreement on out-of-order operations was reached.
	Agreement 
For multi-DCI based multi-TRP, when PDCCHs schedule two PDSCHs/PUSCHs across TRPs, i.e. PDCCHs are associated with different values of CORESETpoolIndex, following operations are allowed: 
· PDCCH to PDSCH: For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i.
· PDCCH to PUSCH: For any two HARQ process IDs  in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH associated with a different value of CORESETpoolIndex  that ends later than symbol i. 
· Note that from the UE perspective, it does not imply overlapped PUSCHs at the time.
· PDSCH to HARQ-Ack: In a given scheduled cell, the UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH associated with a CORESETpoolindex different from the first PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.



In current specification, out-of-order operation for PDSCH to HARQ-ACK can be supported only in slot-level granularity. According to the agreement on TDMed PUCCHs within a slot, it is natural to support out-of-order operation for PDSCH to TDMed HARQ-ACK within a slot.  
In such case, when a UE receives the second PDSCH starting later than the first PDSCH which is scheduled with a CORESET associated with a different value of CORESETpoolindex, the UE can be allowed to transmit HARQ-ACK for the second PDSCH in the symbols before the start of HARQ-ACK for the first PDSCH within a slot.
Proposal 6: Out-of-order operation for PDSCH to HARQ-ACK within a slot is supported . 
A text proposal is provided below for 5.1 of  TS38.214.
[bookmark: _Toc11352089][bookmark: _Toc20317979][bookmark: _Toc27299877][bookmark: _Toc29673142][bookmark: _Toc29673283][bookmark: _Toc29674276]----------------------------------------------------- Start of text proposal for 5.1 of TS38.214 ----------------------------------
<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. 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: 
-	For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i. 
-	In a given scheduled cell, the UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH associated with a value of CORESETpoolindex different from that of the first PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. or in the symbols before the start of HARQ-ACK for the first PDSCH in slot j.
------------------------------------------------------- End of text proposal ------------------------------------------------------
Restriction on number of TCI states in M-DCI-based M-TRP transmission
So far, there is no agreement on supporting the scheduling of two overlapped PDSCHs, where each PDSCH has more than one TCI state. However, the current spec does not preclude such behavior. This means that a UE may receive PDSCHs with up to four different TCI states in full/partially-overlapped resource. To avoid such case, it should be specified in spec that when a UE is configured with two different values of CORSETPoolindex, only one TCI state can be indicated in each DCI.
Proposal 7: When a UE is configured with two different values of CORSETPoolindex, only one TCI state can be indicated in each DCI.
A text proposal to TS38.214 is provided as follows.
----------------------------------------Start of text proposal for 5.1 of TS 38.214 -------------------------------------------
<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 to be indicated with only one TCI state in a codepoint of the DCI field 'Transmission Configuration Indication' from each of the PDCCHs, if it is scheduled with fully/partially-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.
<Unchanged parts are omitted>
------------------------------------------------------- End of text proposal ------------------------------------------------------
Editorial issue
As shown below, in subsection 5.1.6.2 of 214, a letter s is missing. Therefore, we have the the following proposal on editorial change in 214.
Proposal 8: Adopt the TP provided in subsection 4  for 5.1.6.2 of TS38.214.
----------------------------------------- Start of text proposal for 5.1.6.2 of TS 38.214 -----------------------------------------
<Unchanged parts are omitted>
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 groups in the DCI field "Antenna Port(s)", 
-	the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, and the second TCI state corresponds to the other CDM group.
--------------------------------------------------------- End of text proposal --------------------------------------------------------
Conclusions
In this contribution we provide our views on some remaining issues need to be addressed for supporting multi-TRP/panel-based transmission in Rel-16. Based on the discussion above, we have the following proposals:
Proposal 1:  Capture the agreement on scheme switching and align the parameters captured in TS38.214 with TS38.331.
The corresponding TP is provided in subsection 2.1.
Proposal 2: Rel-15 repetition number pdsch-AggregationFactor should be overwritten whenever Rel-16 repetition number RepetitionNumber-r16 is indicated by DCI.
The corresponding TP is provided in subsection 2.2.
Proposal 3: Use a separate table from Rel-15 for the redundancy version applied for scheme 4.
The corresponding TP is provided in subsection 2.3.
Proposal 4: Fully capture the agreement regarding the capability of supporting two default TCI states in subsection 5.1.5 of 38.214.
The corresponding TP is provided in subsection 2.4.
Proposal 5: To support NC-JT, the restriction on single-TCI-state assumption described in 211 should be removed.
The corresponding TP is provided in subsection 2.5.
Proposal 6: Out-of-order operation for PDSCH to HARQ-ACK within a slot is supported .
The corresponding TP is provided in subsection 3.1.
Proposal 7: When a UE is configured with two different values of CORSETPoolindex, only one TCI state can be indicated in each DCI.
The corresponding TP is provided in subsection 3.2.
Proposal 8: Adopt the TP provided in subsection 4  for 5.1.6.2 of TS38.214.
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