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Introduction
In this paper we address miscellaneous corrections and clarifications related to multi-TRP PDSCH transmission. 
[bookmark: _Ref178064866]Discussion
Time domain resource allocation 
Time domain resource allocation for Scheme 4
TS 38.214 currently does not specify that the multiple slot level PDSCH transmission occasions for scheme 4 are in consecutive slots.  Our understanding is that for  Scheme 4,  the multiple PDSCH transmission occasions should be in consecutive slots.   Hence, we propose TP4 below to clarify that for Scheme 4, the multiple PDSCH transmission occasions are in consecutive slots:
[bookmark: _Toc40478828]Current version of TS 38.214 does not specify that the multiple slot level PDSCH transmission occasions for scheme 4 are in consecutive slots.

[bookmark: _Toc40478836]Adopt text proposal (TP1) in TS 38.214.


---------------------------- Start of proposed TP1 for 38.214  --------------------------------------------

[bookmark: _Toc36645497]5.1        UE procedure for receiving the physical downlink shared channel
---unchanged text omitted---
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, the UE may expect to receive multiple slot level PDSCH transmission occasions in consecutive slots 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 in consecutive slots of the same TB with one TCI state used across multiple PDSCH transmission occasions as defined in Clause 5.1.2.1. 
---------------------------- End of proposed TP1 for 38.214  --------------------------------------------


On default TCI states for multiple PDSCH transmission occasions
In current specifications, when multiple PDSCH transmission occasions are scheduled with Scheme 4, the UE behaviour is undefined for the case where
· the time offset between the reception of the DL DCI and the 1st PDSCH transmission occasion is less than the threshold timeDurationForQCL, and 
· the time offset between the reception of a DL DCI and the 2nd  PDSCH transmission occasion is greater than or equal to the threshold timeDurationForQCL

Consider the example in Figure 1, where the time offset T1 is lower than the threshold but T2 is larger than the threshold.  In this case, a reasonable approach is to apply the default TCI state to the 1st PDSCH occasion while applying the corresponding TCI states indicated in DCI to the remaining PDSCH occasions. In this example,  the UE should have decoded the DCI  before the 2nd PDSCH occasion and has enough time to switch beams according to the indicated TCI states for the 2nd and subsequent PDSCH occasions.  

[image: ]
[bookmark: _Ref37416594]Figure 1.  Example illustrating application of default TCI states for Scheme 4

In general, for N>1 PDSCH transmission occasions scheduled by a DCI (e.g., by indicating in DCI a  RepNumR16 = N), 
·  when the time offset between the reception of the DCI and the nth PDSCH transmission occasion is less than the threshold timeDurationForQCL, the default TCI states are applied to the reception of the nth PDSCH transmission occasion,
·  when the time offset between the reception of the DCI and the nth PDSCH transmission occasion is greater than or equal to the threshold timeDurationForQCL, the corresponding TCI state indicated in the TCI field of the DCI is applied to the nth PDSCH transmission occasion. 

The corresponding text proposal is given in TP2.  Based on the discussion above, we propose the following:

[bookmark: _Toc40478837]Adopt text proposal (TP2) in TS 38.214.

---------------------------- Start of proposed TP2 for 38.214  -----------------------------------------------------------
[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513]5.1.5	Antenna ports quasi co-location
--- Unchanged text omitted ---------
[bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk26289978]Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if no TCI codepoints are mapped to two different TCI states and 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) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, 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 associated with a value of CORESETPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. 
When 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', and at least one TCI codepoint indicates two TCI states, 
· if 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 or a UE is configured by higher layer parameter RepSchemeEnabler set 'TDMSchemeA'   
· when the offset between the reception of the DL DCI and the nth PDSCH transmission occasion is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of the nth  PDSCH are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with one of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states where one of the two different TCI states is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the two different TCI states.

· when the offset between the reception of the DL DCI and the nth PDSCH transmission occasion is greater than or equal to the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of the nth PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the corresponding TCI state indicated in the codepoint of DCI field 'Transmission Configuration Indication' following clause 5.1.2.1.
· else
· 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.

--- Unchanged text omitted ---------
--------------------------------------------------------------End of proposed TP2 ----------------------------------------------------



On TCI states for Aperiodic CSI-RS colliding with PDSCH
When it comes to Aperiodic CSI-RS colliding with PDSCH, the following is what is supported currently in TS 38.214:
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported threshold beamSwitchTiming as defined in [TS 38.306]:
· if there is a PDSCH with an indicated TCI state in the same symbols as the CSI-RS where the PDSCH is scheduled with a scheduling offset larger than or equal to the threshold timeDurationForQCL, the UE applies the QCL assumption of the PDSCH also when receiving the aperiodic CSI-RS.
· else, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
[bookmark: _Hlk37342826]The existing spec defines the UE behavior when Aperiodic CSI-RS collides with PDSCH when the PDSCH is indicted with a single TCI state.  How the UE behaves to receive Aperiodic CSI-RS when Aperiodic CSI-RS collides with PDSCH(s) that are indicated with 2 TCI states in DCI is not defined in current spec.  Specifically, this UE behavior is undefined when PDSCH is configured with one of single-PDCCH based NC-JT scheme, “FDMSchemeA”, “FDMSchemeB”, “TDMSchemeA”, or Scheme 4 with multiple-TRPs.

In RAN1#100bis-e meeting, the following proposal was discussed:

· For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming
· If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS.
· When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
· If there is no known DL signal in the symbols of AP CSI-RS:
· The UE applies the first one of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.


Note that in the 1st sub-sub-bullet ‘PDSCH scheduled with two TCI states’ can refer to any one of one of single-PDCCH based NC-JT scheme, “FDMSchemeA”, “FDMSchemeB”, “TDMSchemeA”, or Scheme 4 with multiple-TRPs.  

A first concern that we have with the above proposal is that the UE applying first QCL assumption of the PDSCH to receive the AP CSI-RS is not suitable for “TDMSchemeA” or Scheme 4.  As shown in Figure 2, for the case of ‘TDMSchemeA’, when AP CSI-RS is in the same symbols as PDSCH1, the UE should apply the QCL assumption of PDSCH1 (given by the 1st indicated TCI state in DCI) when receiving the AP CSI-RS.  But when AP CSI-RS is in the same symbols as PDSCH2, the UE applies the QCL assumption of PDSCH2 (given by the 2nd indicated TCI state in DCI) when receiving the AP CSI-RS.  But with the above proposal, the 1st indicated TCI state will be applied to both PDSCH transmission occasions which does not work when AP CSI-RS overlaps with PDSCH2.  A similar problem occurs in the case of Scheme 4.
	[image: ]
(a)
	[image: ]
(b)


[bookmark: _Ref37344192]Figure 2: An example considering AP CSI-RS collision with PDSCH scheduled according to “TDMSchemeA”. 

Our first concern can be addressed by modifying 1st sub-sub-bullet as follows:
· When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), 
· if the PDSCH is scheduled with single-DCI based NC-JT, ‘FDMSchemeA’, or ‘FDMSchemeB’, the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
· if the PDSCH is scheduled with ‘TDMSchemeA’ or Scheme 4, the UE applies the QCL assumption of the overlapping PDSCH transmission occasion to receive the AP CSI-RS.

With the above modification, the proposal is made suitable for all single-DCI based multi-TRP schemes.

A second concern that we have with the above proposal is that in the case of  single-DCI based NC-JT, ‘FDMSchemeA’, or ‘FDMSchemeB’, AP CSI-RS is received with the first QCL assumption.  However, this means that when AP CSI-RS collides with the PDSCH, AP CSI-RS can only be transmitted from the 1st TRP.  This can be easily resolved by defining a simple criterion for which QCL assumption should be applied depending on a property of the AP CSI-RS.  For instance, 
· If the resource ID of the AP CSI-RS is odd, then the first QCL assumption of PDSCH can be used to receive AP CSI-RS.
· If the resource ID of the AP CSI-RS is even, then the second QCL assumption of PDSCH can be used to receive AP CSI-RS.
Note that the above criterion can also be applied when there is no known DL signal in the symbols of AP CSI-RS.

The above criterion can be captured into the proposal as shown below:

· For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming
· If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS.
· When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
· if the PDSCH is scheduled with single-DCI based NC-JT, ‘FDMSchemeA’, or ‘FDMSchemeB’, the UE applies Nth first QCL assumption of the other signal to receive the AP CSI-RS, where N=1 if the resource id of AP CSI-RS is odd, and N=2 if the resource id of AP CSI-RS is even.
· if the PDSCH is scheduled with ‘TDMSchemeA’ or Scheme 4, the UE applies the QCL assumption of the overlapping PDSCH transmission occasion to receive the AP CSI-RS.
· If there is no known DL signal in the symbols of AP CSI-RS:
· The UE applies the Nth first one among the of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, where N=1 if the resource id of AP CSI-RS is odd, and N=2 if the resource id of AP CSI-RS is even.


Hence, we suggest to agree on the following proposal:

[bookmark: _Toc40478838]For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming,
· [bookmark: _Toc40478839]If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS.
· When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
· if the PDSCH is scheduled with single-DCI based NC-JT, ‘FDMSchemeA’, or ‘FDMSchemeB’, the UE applies Nth QCL assumption of the other signal to receive the AP CSI-RS, where N=1 if the resource id of AP CSI-RS is odd, and N=2 if the resource id of AP CSI-RS is even.
· if the PDSCH is scheduled with ‘TDMSchemeA’ or Scheme 4, the UE applies the QCL assumption of the overlapping PDSCH transmission occasion to receive the AP CSI-RS.
· [bookmark: _Toc40478840]If there is no known DL signal in the symbols of AP CSI-RS:
· The UE applies the Nth one among the default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, where N=1 if the resource id of AP CSI-RS is odd, and N=2 if the resource id of AP CSI-RS is even.

The corresponding TP is given in TP3.  Based on the discussion above, we propose the following:

[bookmark: _Toc40478841]Adopt text proposal (TP3) in TS 38.214.

---------------------------- Start of proposed TP3 for 38.214  -----------------------------------------------------------
[bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc27299905][bookmark: _Toc29673173][bookmark: _Toc29673314][bookmark: _Toc29674307][bookmark: _Toc36645537]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
--- Unchanged text omitted ---------
[bookmark: _Hlk37429496]-	If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is smaller than the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306], when the reported value is one of the values of {14, 28, 48}, or is smaller than 48 when the reported value of beamSwitchTiming is one of the values of {224, 336}.
-	if there is a PDSCH scheduled with a DCI indicating two TCI state(s) in the DCI field 'Transmission Configuration Indication', when the offset between the reception of the DL DCI and PDSCH is greater than or equal to the threshold timeDurationForQCL
· if a UE is configured by higher layer parameter RepSchemeEnabler set to 'TDMSchemeA' or it is configured with the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepNumR16, the UE applies the QCL assumption of the PDSCH transmission occasion that is in the same symbols as the CSI-RS when receiving the aperiodic CSI-RS.
· otherwise, the UE applies the QCL assumption provided by the Nth indicated TCI state corresponding to the PDSCH that is in the same symbols as the CSI-RS when receiving the aperiodic CSI-RS, where N=1 if the NZP-CSI-RS-ResourceId associated with AP CSI-RS is odd, and N=2 if the NZP-CSI-RS-ResourceId associated with AP CSI-RS is even.
-	elseif there is any other DL signal with an one indicated TCI state in the DCI field 'Transmission Configuration Indication'  in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming when the reported value is one of the values {14,28,48}, aperiodic CSI-RS scheduled with offset larger than or equal to 48 when the reported value of beamSwitchTiming is one of the values {224, 336}, periodic CSI-RS, semi-persistent CSI-RS;
-	else, when receiving the aperiodic CSI-RS, 
· if at least one configured TCI states for the serving cell which triggered the AP CSI-RS contains the 'QCL-TypeD', and at least one TCI codepoint in DL DCI indicates two TCI states, the UE applies the QCL assumption provided by the Nth among the TCI states corresponding to the lowest codepoint among the TCI codepoints in DL DCI containing two different TCI states when receiving the aperiodic CSI-RS, where N=1 if the NZP-CSI-RS-ResourceId associated with AP CSI-RS is odd, and N=2 if the NZP-CSI-RS-ResourceId associated with AP CSI-RS is even. 
· else, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
--- Unchanged text omitted ---------
--------------------------------------------------------------End of proposed TP3 ----------------------------------------------------



On single-PDCCH + multi-PDCCH mixed mode multi-TRP 
In RAN1 Meeting #100-e, the following was proposed by two companies:
	1-6
	The current spec allows to configure multi-PDCCH based and single-PDCCH based M-TRP transmission simultaneously to a UE. But there is no agreement for that. 
· Both [4] and [10] propose to specify in TS 38.214 that when multiple PDCCHs are configured, only one TCI state can be indicated in each PDCCH.



[bookmark: _Hlk37440988]The proposal was to specify in TS 38.214 that when multi-PDCCH multi-TRP transmissions are configured, the UE does not receive single-PDCCH based multi-TRP transmission simultaneously.  We do not see a need to specify a restriction in 38.214.  As a matter of fact, supporting single-PDCCH + multi-PDCCH mixed mode multi-TRP operation can be beneficial when the UE is served with mixed URLLC + eMBB traffic.  For example, multi-PDCCH can be used to schedule eMBB traffic while s ingle PDCCH can be used to schedule URLLC traffic.  
[bookmark: _Toc40478829]Supporting single-PDCCH + multi-PDCCH mixed mode multi-TRP operation can be beneficial when the UE is served with mixed URLLC + eMBB traffic.
Hence, we do not see a strong reason for introducing the restriction of mixed mode operation in 38.214.  Instead, whether it can be supported by a UE can be handled via UE capability signalling.  For instance, a UE can indicate via capability signalling the following:
· the UE only supports the multi-PDCCH multi-TRP feature
· the UE only supports the single-PDCCH multi-TRP feature(s)
· the UE supports both multi-PDCCH multi-TRP feature and single-PDCCH multi-TRP feature(s)

[bookmark: _Toc40478842]Conclude that no restriction to prevent single-PDCCH + multi-PDCCH mixed mode multi-TRP operation is needed in TS 38.214.

[bookmark: _Toc40478830]Whether a UE supports single-PDCCH + multi-PDCCH mixed mode multi-TRP operation or not can be up to UE capability.




Time domain resource allocation for ‘TDMSchemeA’
In current TS38.214 specification, the time restriction for S and L combinations does not take into account the case when ‘TDMSchemeA’ is configured and is indicated to the UE.  When ‘TDMSchemeA’ is configured and is indicated to the UE, there are two transmission occasions each with a length of L symbols.  Plus, the UE can also be configured with  via the higher layer parameter StartingSymbolOffsetK which needs to be taken into account when defining time restrictions for S and L combinations.  
In the last RAN1 meeting, some companies argued that  since Scheme 3 is within a slot anyway, there is no need to state any restrictions on S and L. However,  in our view explicit restrictions on S and L would make the spec more unambiguous. Similarly in the cases of PDSCH Type A and Type B in Rel-15, which are within one slot but still, explicit restriction on S and L were specified in TS 38.214.   Therefore,  we propose to add the new restrictions of  for normal cyclic prefix and   for extended cyclic prefix for the case when ‘TDMSchemeA’ is configured and is indicated to the UE.
Furthermore, when ‘TDMSchemeA’ is scheduled via DCI format 1_2, the current specification is not clear when a non-zero S0 should be taken into account when determining S and L in the case of ‘TDMSchemeA’.

[bookmark: _Toc40478831]In current TS38.214 specification, the time restriction for S and L combinations does not take into account the case when ‘TDMSchemeA’ is configured and is indicated to the UE.
[bookmark: _Toc40478843]Adopt text proposal (TP4) in 38.214.
---------------------------- Start of proposed TP4 for 38.214  --------------------------------------------
[bookmark: _Toc11352084][bookmark: _Toc20317974][bookmark: _Toc27299872][bookmark: _Toc29673137][bookmark: _Toc29673278][bookmark: _Toc29674271]5.1.2.1	Resource allocation in time domain
--- Unchanged text omitted ---------
-	The reference point S0 for starting symbol S is defined as: 
-	if configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected; 
-	otherwise, the starting symbol S is relative to the start of the slot using S0=0, and the starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV:

if  then


else 



where, and
-	the PDSCH mapping type is set to Type A or Type B as defined in Clause 7.4.1.1.2 of [4, TS 38.211].
If a UE is configured by the higher layer parameter RepSchemeEnabler set to ‘TDMSchemeA’ , DM-RS port(s) indicated in the DCI field “Antenna Port(s)” are within one CDM group, and the DCI field ‘Transmission Configuration Indication’ indicates two TCI states, then Tthe UE shall consider the S and L combinations defined in table 5.1.2.1-1 satisfying  for normal cyclic prefix and   for extended cyclic prefix as valid PDSCH allocations, where  is given by the higher layer parameter StartingSymbolOffsetK.:


Otherwise, Tthe UE shall consider the S and L combinations defined in table 5.1.2.1-1 satisfying  for normal cyclic prefix and  for extended cyclic prefix as valid PDSCH allocations.:
[bookmark: _Hlk508617520]Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
(Note 1)
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
(Note 1)
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,…,13}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}

	Note 1:	S = 3 is applicable only if dmrs-TypeA-Position = 3



----------------------------------------------End of proposed TP4 ----------------------------------------------------




 Time domain resource allocation for PDSCH repetitions
In Rel-16,  when RepNumR16  is contained in a TDRA entry that is indicated in a DCI scheduling a PDSCH or activating a SPS PDSCH,   the PDSCH would be repeated in RepNumR16  consecutive slots even when  pdsch-AggregationFactor is configured. This behaviour is, however, not reflected in the current spec text in 38.214. Thus, we have the following observation and proposal.
[bookmark: _Toc40478832]pdsch-AggregationFactor can be overridden when RepNumR16 is indicated.
[bookmark: _Toc40478844]Adopt text proposal (TP5) in 38.214.
---------------------------- Start of proposed TP5 for 38.214  --------------------------------------------
5.1.2.1	Resource allocation in time domain
--- Unchanged text omitted ---------
[bookmark: _Hlk32578338][bookmark: _Hlk32577924]When receiving PDSCH scheduled by DCI format 1_1 in PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1, if the UE is configured with pdsch-AggregationFactor and if the DCI field “Time domain resource assignment’ indicates an entry in pdsch-TimeDomainAllocationList  that does not contain RepNumR16, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the pdsch-AggregationFactor consecutive slots and the PDSCH is limited to a single transmission layer. The redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, …pdsch-AggregationFactor -1, is determined according to table 5.1.2.1-2 and "rvid indicated by the DCI scheduling the PDSCH" in table 5.1.2.1-2 is assumed to be 0 for PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1. 
----------------------------------------------End of proposed TP5 ----------------------------------------------------



On conditions for allowing/disallowing out of order operation
In current TS 38.214, the out of order operation is disallowed in one part in Clause 5.1 of the specification while it is allowed in another part under some condition.  To avoid ambiguity, we propose to add the following condition for disallowing out of order operation in the first instance it occurs in clause 5.1 of the specifications:
“If PDCCHs that schedule corresponding PDSCHs are associated to the same or different ControlResourceSets having the same value of CORESETPoolIndex, the UE procedure for receiving the PDSCH upon detection of a PDCCH applies:”
Once this condition is added, the following text can be removed which is redundant:
“If PDCCHs that schedule corresponding PDSCHs are associated to the same or different ControlResourceSets having the same value of CORESETPoolIndex, the UE procedure for receiving the PDSCH upon detection of a PDCCH follows Clause 5.1. “ 

[bookmark: _Toc40478833]In current TS38.214 specification, out of order operation is disallowed in one part in Clause 5.1 of the specification while it is allowed in another part under some condition.  This may cause ambiguity while reading the specs.
[bookmark: _Toc40478845]Adopt text proposal (TP6) in 38.214.
---------------------------- Start of proposed TP6 for 38.214  --------------------------------------------
[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267]5.1	UE procedure for receiving the physical downlink shared channel
[bookmark: _Hlk498410788]For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes.
A UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1 or 1_2 decode the corresponding PDSCHs as indicated by that DCI.  If PDCCHs that schedule corresponding PDSCHs are associated to the same or different ControlResourceSets having the same value of CORESETPoolIndex, the following UE procedure for receiving the PDSCH upon detection of a PDCCH applies: 
For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6]. In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. 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 ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i. 
In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration , with N=13 for =0, N=13 for =1, N=20 for =2, and N=24 for =3.
--- Unchanged text 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.
If PDCCHs that schedule corresponding PDSCHs are associated to the same or different ControlResourceSets having the same value of CORESETPoolIndex, the UE procedure for receiving the PDSCH upon detection of a PDCCH follows Clause 5.1.  
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)”.
----------------------------------------------End of proposed TP6 ----------------------------------------------------



M-DCI with separated ACK/NACK feed back
In M-TRP discussion, it was assumed that for multi-DCI based NC-JT, i.e. with two different CORESETPoolIndexs, the HARQ ACK/NACK associated with each CORESETPoolIndex will be sent in separate PUCCH resource in a TDM manner in a slot. The agreement has been captured in 38.213 with following text under chapter 9:
If a UE
-	is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
 -	is provided CORESETPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ACKNACKFeedbackMode = SeparateFeedback
the UE shall separately apply the procedures described in Subclauses 9.1 and 9.2.3 for reporting HARQ-ACK information associated with the first CORESETs on active DL BWP of the serving cells and for reporting HARQ-ACK information associated with the second CORESETs on active DL BWP of the serving cells. HARQ-ACK information reporting is associated with a CORESET through a reception of a PDCCH with a DCI format triggering the reporting of the HARQ-ACK information by the UE.











[bookmark: _Toc40478834]HARQ-ACK information associated with different CORESETPoolIndex can be transmitted on separate PUCCH resources within a slot.
Accordingly, the text under section 9.2.3 shall be updated to not limit to one PUCCH HARQ-ACK information in a slot.
[bookmark: _Toc40478846]Adopt text proposal (TP7) in 38.213.
---------------------------- Start of proposed TP7 for 38.213  -----------------------------------------------------------
[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415]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 unless the UE is configured with CORESETPoolIndex’s having two different values and higher layer parameter ACKNACKFeedbackMode = SeparateFeedback. 
------------------------------------------End of proposed TP7 ----------------------------------------------------



Indication of RVs for DL SPS based PDSCH repetitions 
According to current RAN1 specifications, the single DCI based multi-TRP PDSCH repetition schemes can be scheduled with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2.  Note that there are no restrictions on which RNTIs can be used when scheduling single DCI based multi-TRP PDSCH repetition schemes.  However, for DL SPS, the RV field in the activating DCI is reserved and is used for activation validation according to clause 10.2 of TS 38.213.  For Rel-15 based PDSCH repetition, the RV values for DL SPS are assumed to follow the first row of Table 5.1.2.1-2 in TS 38.214 (see highlighted text below).  
 “When receiving PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, if the UE is configured with pdsch-AggregationFactor, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the pdsch-AggregationFactor consecutive slots and the PDSCH is limited to a single transmission layer. The redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, …pdsch-AggregationFactor -1, is determined according to table 5.1.2.1-2 and "rvid indicated by the DCI scheduling the PDSCH" in table 5.1.2.1-2 is assumed to be 0 for PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2. ”
Hence, to indicate the RV values for DL SPS based multi-TRP PDSCH repetition schemes a similar approach can be adopted.   We propose the corresponding text proposal in TP6.
[bookmark: _Toc40478835]To indicate RV values for DL SPS based multi-TRP PDSCH repetition schemes, reuse a similar approach adopted for Rel-15 based DL SPS PDSCH repetition.

[bookmark: _Toc40478847]Adopt text proposal (TP8) in 38.214.

---------------------------- Start of proposed TP8 for 38.214  -----------------------------------------------------------
[bookmark: _Toc11352083][bookmark: _Toc20317973][bookmark: _Toc27299871][bookmark: _Toc29673136][bookmark: _Toc29673277][bookmark: _Toc29674270]5.1.2	Resource allocation
5.1.2.1	Resource allocation in time domain
--- Unchanged text 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)”, 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.  For PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, "rvid indicated by the DCI scheduling the PDSCH" in Table 5.1.2.1-2 is assumed to be 0.
-		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’ 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. 
When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by RepNumR16 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. 
[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 5.1.2.1-2, 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 5.1.2.1-3, 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. For PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, "rvid indicated by the DCI scheduling the PDSCH" in Tables 5.1.2.1-2 and 5.1.2.1-3 is assumed to be 0.
Table 5.1.2.1-3: 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.  For PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, "rvid indicated by the DCI scheduling the PDSCH" in Tables 5.1.2.1-2 is assumed to be 0.
-	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 text omitted ---------

[bookmark: _Toc11352086][bookmark: _Toc20317976][bookmark: _Toc27299874][bookmark: _Toc29673139][bookmark: _Toc29673280][bookmark: _Toc29674273]5.1.2.2	Resource allocation in frequency domain

--- Unchanged text omitted ---------

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 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.  For PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, "rvid indicated by the DCI scheduling the PDSCH" in Tables 5.1.2.1-2 is assumed to be 0.

------------------------------------------End of proposed TP8 ----------------------------------------------------


Conclusion
In the previous sections we made the following observations: 
Observation 1	Current version of TS 38.214 does not specify that the multiple slot level PDSCH transmission occasions for scheme 4 are in consecutive slots.
Observation 2	Supporting single-PDCCH + multi-PDCCH mixed mode multi-TRP operation can be beneficial when the UE is served with mixed URLLC + eMBB traffic.
Observation 3	Whether a UE supports single-PDCCH + multi-PDCCH mixed mode multi-TRP operation or not can be up to UE capability.
Observation 4	In current TS38.214 specification, the time restriction for S and L combinations does not take into account the case when ‘TDMSchemeA’ is configured and is indicated to the UE.
Observation 5	pdsch-AggregationFactor can be overridden when RepNumR16 is indicated.
Observation 6	In current TS38.214 specification, out of order operation is disallowed in one part in Clause 5.1 of the specification while it is allowed in another part under some condition.  This may cause ambiguity while reading the specs.
Observation 7	HARQ-ACK information associated with different CORESETPoolIndex can be transmitted on separate PUCCH resources within a slot.
Observation 8	To indicate RV values for DL SPS based multi-TRP PDSCH repetition schemes, reuse a similar approach adopted for Rel-15 based DL SPS PDSCH repetition.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt text proposal (TP1) in TS 38.214.
Proposal 2	Adopt text proposal (TP2) in TS 38.214.
Proposal 3	For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming,
· If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS.
· When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
· if the PDSCH is scheduled with single-DCI based NC-JT, ‘FDMSchemeA’, or ‘FDMSchemeB’, the UE applies Nth QCL assumption of the other signal to receive the AP CSI-RS, where N=1 if the resource id of AP CSI-RS is odd, and N=2 if the resource id of AP CSI-RS is even.
· if the PDSCH is scheduled with ‘TDMSchemeA’ or Scheme 4, the UE applies the QCL assumption of the overlapping PDSCH transmission occasion to receive the AP CSI-RS.
· If there is no known DL signal in the symbols of AP CSI-RS:
· The UE applies the Nth one among the default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, where N=1 if the resource id of AP CSI-RS is odd, and N=2 if the resource id of AP CSI-RS is even.
Proposal 4	Adopt text proposal (TP3) in TS 38.214.
Proposal 5	Conclude that no restriction to prevent single-PDCCH + multi-PDCCH mixed mode multi-TRP operation needs to be introduced in TS 38.214.
Proposal 6	Adopt text proposal (TP4) in 38.214.
Proposal 7	Adopt text proposal (TP5) in 38.214.
Proposal 8	Adopt text proposal (TP6) in 38.214.
Proposal 9	Adopt text proposal (TP7) in 38.213.
Proposal 10	Adopt text proposal (TP8) in 38.214.
 
[bookmark: _In-sequence_SDU_delivery]References
[1]	3GPP TS 38.214 v16.1.0 : " NR: Physical layer procedures for data".
[2] 	3GPP TS 38.213 v16.1.0 : " NR: Physical layer procedures for control".
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