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Introduction
In RAN1#99 meeting, RAN1 completed the normative work on Rel-16 NR multi-TRP and multi-panel. After the meeting, the initial versions of physical layer specifications including 38.211, 38.212, 38.213 and 38.214 were distributed, discussed, updated and endorsed by email discussions. However, there are still some issues to be fixed in the latest specifications. 
In this meeting, we provide our views on some descriptions for multi-TRP and multi-panel in Rel-16 specifications.
Default TCI
There are three approaches to determine default TCI state(s) in Rel-16. In this section we provide our views on remaining issues on these approaches and the relevant specification description.
Default TCI of PDSCH for single-DCI based Multi-TRP
For single-DCI based multi-TRP, the default TCI state(s) of PDSCH with scheduling offset less than timeDurationForQCL should come from the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states according to the following agreement of RAN1#99. 
Agreement 
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, it is not clear how to apply just one TCI if the PDSCH scheduling offset is smaller than the threshold. Without a clear definition of default QCL assumption for one TCI case, it results in the following consequences.
· when the higher layer parameter RepSchemeEnabler is set to one of ‘FDMSchemeB’ or ‘TDMSchemeA’, the number of transmission occasion can only be 2; 
· For single-DCI NCJT, the PDSCH with small scheduling offset cannot support one-layer transmission, which should be basic mode; 
· Dynamic switch between single-TRP and multi-TRP cannot be supported either for small scheduling offset. 
The PDSCH with time offset less than timeDurationForQCL is widely used in practice, but if the default QCL cannot be just one TCI, it will lead to unnecessary interference or scheduling restriction. 
One simple solution is that UE determines the number of the TCI states based on TCI indication in DCI scheduling PDSCH with scheduling offset less than timeDurationForQCL and the default TCI state(s) is the first one or both TCI states corresponding to the lowest codepoint containing two different TCI states. For example, the mapping between the TCI codepoints and the TCI states is as shown in Table 1, where the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states are {TCI state 1,TCI state 2} of TCI codepoint ‘01’. The default TCI state of PDSCH is TCI state 1 when the TCI codepoint indicated in the DCI is ‘00’, whereas the default TCI states of PDSCH are {TCI state 1, TCI state 2} when the TCI codepoint indicated in the DCI is ‘01’. Although the detailed default TCI applying to PDSCH needs to be determined after decoding DCI, it may not impact UE buffering. A simple implementation is that UE buffers PDSCH and DMRS based on the two TCI states and perform demodulation based on one or both of them in baseband.
	TCI codepoint
	 TCI state

	00
	TCI state 3

	01
	TCI state 1, TCI state 2

	10
	TCI state 4

	11
	TCI state 5, TCI state 6


Table 1 An example of TCI codepoints
Proposal 1: For single-DCI based multi-TRP, when the PDSCH scheduling offset is smaller than timeDurationForQCL, the number of the default TCI state is indicated in the TCI field of DCI and the default TCI state(s) is the first one or both TCI states of the two TCI states corresponding to the lowest codepoint containing two different TCI states.
Based on the proposal 1, we provide TP as follows.
TP 1: For TS 38.214 
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if all the TCI codepoints are mapped to a single TCstate 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. 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, 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 first one or both TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, where the number of TCI states applying to PDSCH is indicated by the TCI field in the DCI scheduling the PDSCH when the TCI field is present in the DCI.



Default TCI of AP CSI-RS in Multi-TRP
There are three methods to determine the default TCI state(s) of PDSCH with time offset less than timeDurationForQCL. They are used for single-DCI based multi-TRP, multi-DCI based multi-TRP and Rel-15 single TRP, respectively. 
· For AP CSI-RS smaller the threshold in multi-DCI case, it is natural to use the default TCI following the multi-DCI principle, i.e., use the TCI of lowest CORESET ID with the same CORESETPoolIndex. 
· For AP CSI-RS in single-DCI based multi-TRP, the default TCI can be one of the following. 
· Alt 1: Follow Rel-15, i.e., TCI state of the lowest CORESET ID.
· Alt 2: Follow Rel-16 PDSCH, i.e., the first TCI state in the two TCI states mapped to the lowest TCI codepoint containing two TCI states.
If we choose Alt 1, the CSI-RS with small triggering offset cannot be transmitted in the same symbols of PDSCH with smaller offset if the beam of CORESET with lowest CORESET ID doesn’t belong to the two TCI states mapped to the lowest TCI codepoint containing two TCI states. There would be conflicting issue in this case. On the other hand, for Alt 2,
· [bookmark: _GoBack]There would be no conflicting issue between CSI-RS and PDCCH since how to handle the case that CSI-RS and PDCCH are in the same symbols has already been clarified in the current specification. That is, CSI-RS and PDCCH should be QCLed with respect to ‘QCL-TypeD’.
· AP CSI-RS with small offset can be transmitted in the same symbols as PDSCH with small offset.
· Two AP CSI-RS resources both with small triggering offset and transmitted from different TRPs can be in the same symbols.
Thus, comparing Alt 1 and Alt 2, Alt 2 gives better flexibility to on the time domain positions to transmit the CSI-RS. Hence Alt 2 is preferred.
Proposal 2: For AP CSI-RS with offset smaller than the threshold in multi-DCI based M-TRP, the default TCI is the TCI of the lowest CORESET ID among the CORESETs with the same CORESETPoolIndex as the PDCCH triggering the CSI-RS within the active BWP of the serving cell are monitored by the UE. 
Proposal 3: For AP CSI-RS with offset smaller than the threshold in single-DCI based M-TRP, the default TCI is the first TCI state in the two TCI states mapped to the lowest codepoint containing two TCI states.
Based on above analysis, we provide the text proposal as follow.
TP 2: For TS 38.214
	[bookmark: _Toc27299905][bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc29673314][bookmark: _Toc29674307][bookmark: _Toc29673173]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<Unchanged parts are omitted>
-  if there is any other DL signal with an indicated TCI state 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 if the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet for the serving cell of the aperiodic CSI-RS, 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 CORESET-ID among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that aperiodic CSI-RS, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling the aperiodic CSI-RS within the active BWP of the serving cell are monitored by the UE.
 -  else if at least one TCI codepoint are mapped to two TCI states of PDSCH for the active BWP, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption of the first TCI state in the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states of the active BWP of the serving cell of 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.     



Mapping between default TCI state(s) and transmission occasions for single-DCI based multi-TRP
For single-DCI based multi-TRP, when the time offset of PDSCH is less than timeDurationForQCL, the default TCI state of PDSCH is the first one or both TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. It is a very useful use case for URLLC in practice due to the short latency, but the mapping between default TCI state(s) and transmission occasions/non-overlapping frequency resources hasn’t been clarified. Hence it’s not clear whether PDSCH with smaller scheduling offset is supported for the four URLLC Schemes. It should be supported and it is straight-forward to reuse the mapping of the case that TCI states are from DCI indication.
Proposal 4: PDSCH with smaller scheduling offset should be supported for the four URLLC schemes. 
Proposal 5: For single-DCI based multi-TRP, the mapping between default TCI states and transmission occasions/non-overlapping frequency resources is the same as the case that TCI states are from DCI indication.
Based on above analysis, we provide the text proposal as follows
TP 3: For TS 38.214
	5.1 UE procedure for receiving the physical downlink shared channel
<Unchanged parts are omitted>
In the above description, the one or two TCI states applying for PDSCH are in a codepoint of the DCI field 'Transmission Configuration Indication' of the DCI scheduling the PDSCH when time offset between PDCCH and PDSCH is equal to or greater than a threshold timeDurationForQCL. The one or two TCI states of PDSCH are the first one or two TCI states in the lowest codepoint among the TCI codepoints containing two different TCI states of the DCI when the time offset between PDCCH and PDSCH is less than a threshold timeDurationForQCL as described in Clause 5.1.5.
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are partially or fully overlapping in time, a UE is not required to decode a PDSCH among these PDSCHs other than one with the lowest configured sps-ConfigIndex. 




Clearer description of the PDSCH default TCI state(s)
As discussed above, there are following three methods to acquire the default TCI state(s) for PDSCH with time offset less than timeDurationForQCL:
· Method 1: the Rel-15 method. i.e., the default TCI state is the TCI state corresponding to the CORESET with lowest CORESET ID. 
· Method 2: the method for multi-DCI based multi-TRP, i.e., the default TCI state is the TCI state corresponding to the CORESET with lowest CORESET ID in the CORESET group. 
· Method 3: the method for single-DCI based multi-TRP, i.e., the default TCI state(s) belongs to the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
In the current specification, the applicable conditions of the three methods are not clear. Specifically, we shall add one more condition that the UE is not configured with two different CORESETPoolIndex for Method 1 and Method 3, in order to distinguish them from Method 2. In addition, for Method 3, the description of ‘at least one TCI codepoint indicates two TCI states’ should be clarified as ‘at least one TCI codepoint is mapped to two TCI states’.
Based on above analysis, we provide the text proposal as follows.
TP 4: For TS 38.214
	5.1.5	Antenna ports quasi co-location
<Unchanged parts are omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if all the TCI codepoints are mapped to a single TCI state and if the UE isn’t configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet 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. 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 if the UE isn’t configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, and at least one TCI codepoint is mapped toindicates 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



 Switch between legacy DMRS Table and new DMRS Table
As shown in the current 212, the new antenna port tables are introduced for single DCI based MTRP transmission.  However, how to switch between the legacy table and the new table is still unclear. Since the new tables are introduced for single DCI based MTRP transmission, and whether a PDSCH transmission is single DCI based MTRP transmission is according to the number of indicated TCI states by TCI codepoint in DCI, the switching between the legacy table and the new table should be based on the number of indicated TCI states by TCI codepoint in DCI.
Proposal 6: Switching between the legacy DMRS table and the new DMRS table depends on the number of indicated TCI states by TCI codepoint in DCI.
· If one TCI state is indicated by TCI codepoint, the legacy table is used.
· If two TCI states are indicated by TCI codepoint, the new table is used. 
Based on the proposal 6, we provide TP as follows.
TP 5: For TS 38.212
	7.3.1.2.2	 Format 1_1
<Unchanged parts are omitted>

-	Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports  shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4 or Tables 7.3.1.2.2-1A/2A/3A/4A.When one TCI state is indicated by Transmission configuration indication field, Tables 7.3.1.2.2-1/2/3/4 are used. Otherwise, Tables 7.3.1.2.2-1A/2A/3A/4A are used 
...
Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12-15
	Reserved
	Reserved



Table 7.3.1.2.2-1A: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12
	2
	0,2,3

	13-15
	Reserved
	Reserved


 



 Active BWP for multi-TRP
In Rel-16 discussion, there were following agreements made in RAN1#96 meeting. 
Agreement 
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· 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 bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.
As shown in the yellow part, the same active BWP is expected only if UE receives multiple PDSCHs simultaneously. However, the condition, i.e. the yellow part is not captured in the current 38.214 [1]. Then, the same BWP should always be ensured even if multiple PDSCHs are in different slots. So BWP switching and M-TRP cannot be supported concurrently. This is not aligned with the agreement. In RAN1#99 post-meeting email discussion, we proposed to simply capture the above highlight part, there seemed no concern on our text proposal. However, it was not captured in the latest spec because of limited time. Based on above analysis, we provide the text proposal as follows
TP 6: For TS 38.214
	[bookmark: _Toc29673274][bookmark: _Toc29674267][bookmark: _Toc27299868][bookmark: _Toc20317970][bookmark: _Toc29673133][bookmark: _Toc11352080]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. 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, and the UE is expected to be activated one BWP per serving cell. When the UE is scheduled with multiple PDSCHs simultaneously at given symbols in a serving cell, 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 in a serving cell, 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: 



 Three repetitions for scheme 4
In RAN1#99 meeting, 3 repetitions were supported as shown in following agreement for scheme 4. 
Agreement
For single-DCI based M-TRP URLLC scheme 4, support candidate values of URLLCRepNum with:
· {2,3,4,5,6,7,8,16} 
 However, based on the yellow part in the current 38.214, the fourth repetition seems always existed. So we suggest a slight change to fix the confusing part. Based on above analysis, we provide the text proposal as follows
TP 7: For TS 38.214
	[bookmark: _Toc29673278][bookmark: _Toc29673137][bookmark: _Toc27299872][bookmark: _Toc11352084][bookmark: _Toc20317974][bookmark: _Toc29674271]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, 
-	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, if exists, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions, if exists. 
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.



 Wideband PRG for Scheme 2a and Scheme 2b  
In current specification, when the PRG is "wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource. It does not work for ‘FDMSchemeA’ and ‘FDMSchemeB’, for which two TCI states are applied on the frequency resource of PDSCH.
Proposal 7: When the PRG is "wideband", the UE may assume that the same precoding is applied to the allocated resource corresponding to each TCI state for Scheme 2a and 2b.
Based on above analysis, we provide the text proposal as follows
TP 8: For TS 38.214
	[bookmark: _Toc29673142][bookmark: _Toc29674276][bookmark: _Toc27299877][bookmark: _Toc20317979][bookmark: _Toc11352089][bookmark: _Toc29673283]5.1.2.3	Physical resource block (PRB) bundling
<Unchanged parts are omitted>

If  is determined as "wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource except that PDSCH is associated with two TCI states and the higher layer parameter RepSchemeEnabler is set to one of ‘FDMSchemeA’, ‘FDMSchemeB’, for which the UE may assume that the same precoding is applied to the allocated resource corresponding to each TCI state.



 TBS for Scheme 3 
In current specification, TBS of PDSCH is based on the number of OFDM of PDSCH in one slot. It isn’t suitable for ‘TDMSchemeA’, for which two TBs are transmitted in the PDSCH symbols in one slot via repetition with two TCI states.
Proposal 8: TBS of PDSCH is determined based on the number of OFDM symbols of PDSCH in one slot corresponding to one TCI state for ‘TDMSchemeA’.
Based on above analysis, we provide the text proposal as follows
TP 9: For TS 38.214
	[bookmark: _Toc11352092][bookmark: _Toc29673286][bookmark: _Toc27299880][bookmark: _Toc29673145][bookmark: _Toc29674279][bookmark: _Toc20317982]5.1.3.2	Transport block size determination
<Unchanged parts are omitted>
1)	The UE shall first determine the number of REs (NRE) within the slot. 









[bookmark: _Hlk500489688][bookmark: _Hlk515619163]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH allocation within the slot except that PDSCH in one slot is associated with two TCI states and the higher layer parameter RepSchemeEnabler is set to ‘TDMSchemeA’, for which  is the number of symbols of the PDSCH allocation within the slot corresponding to one TCI state,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 1_1 or format 1_2 or as described for format 1_0 in Clause 5.1.6.2, and  is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 0, 6, 12, or 18), the  is set to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI or P-RNTI,  is assumed to be 0.


 Description with brackets for DAI
In Rel-16 discussion on mutli-DCI based MTRP, one design principle is to sustain Rel-15 DCI format size. Although two CORESETPoolIndex are configured to a UE, single TRP scheduling is mostly happened. As long as DCI size is the same as Rel-15, the UE behavior of DCI blindly detection for MTRP is the same as single TRP. However, based on the following description in square brackets, The DCI size for MTRP will be larger than single TRP in the case when one serving cell and joint ACK feedback is configured. Furthermore, there is no agreement related to the content in the square brackets, so it should be removed. 
TP 10: For TS 38.212
	[bookmark: _Toc29326612][bookmark: _Toc29327762][bookmark: _Toc26467250][bookmark: _Toc19798779]7.3.1.2.2	 Format 1_1
<Unchanged parts are omitted>
-	Downlink assignment index – number of bits as defined in the following
-	6 bits if more than one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group.
-	4 bits if only one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 2 MSB bits are the counter DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group;
-	4 bits if more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	[4 bits if one serving cell is configured in the DL, and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, and the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;]
-	2 bits if only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, [when the UE is not configured with CORESETPoolIndex or is not configured with ACKNACKFeedbackMode = JointFeedback,] where the 2 bits are the counter DAI;
-	0 bits otherwise. 



 The time-domain position of DMRS for scheme 3
The DMRS pattern is based on the number of PDSCH OFDM symbols in a slot in Rel-15. It does not work when the number of the TCI states of PDSCH is 2 under ‘TDMSchemeA’. It will result in that there is no DMRS in one of the transmission occasions, or the DMRS is not located uniformly in one of the transmission occasions. So we propose the DMRS pattern is based on the number of PDSCH OFDMs corresponding to one TCI state for scheme 3.
Proposal 9: The time-domain position of PDSCH DMRS is based on the duration of PDSCH corresponding to one TCI state for scheme 3.
Based on above analysis, we provide the text proposal as follows.
TP 11: For TS 38.212
	[bookmark: _Toc19796503][bookmark: _Toc29230379][bookmark: _Toc26459729]7.4.1.1.2	Mapping to physical resources
<Unchanged parts are omitted>

The position(s) of the DM-RS symbols is given by  and duration  where
-	for PDSCH mapping type A,  is the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot
-  for PDSCH mapping type B,  is the duration of the scheduled PDSCH resources except PDSCH is associated with two TCI states and the higher layer parameter RepSchemeEnabler is set to ‘TDMSchemeA’,, for which  is the duration of the scheduled PDSCH resources corresponding to one TCI state in a slot



Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide the following proposals and associated TPs on multi-TRP/panel transmission to fix some issues of the latest specification. The details of the TPs can be found in section 2. 
Proposal 1: For single-DCI based multi-TRP, when the PDSCH scheduling offset is smaller than timeDurationForQCL, the number of the default TCI state is indicated in the TCI field of DCI and the default TCI state(s) is the first one or both TCI states of the two TCI states corresponding to the lowest codepoint containing two different TCI states.
Proposal 2: For AP CSI-RS with offset smaller than the threshold in multi-DCI based M-TRP, the default TCI is the TCI of the lowest CORESET ID among the CORESETs with the same CORESETPoolIndex as the PDCCH triggering the CSI-RS within the active BWP of the serving cell are monitored by the UE. 
Proposal 3: For AP CSI-RS with offset smaller than the threshold in single-DCI based M-TRP, the default TCI is the first TCI state in the two TCI states mapped to the lowest codepoint containing two TCI states.
Proposal 4: PDSCH with smaller scheduling offset should be supported for the four URLLC schemes. 
Proposal 5: For single-DCI based multi-TRP, the mapping between default TCI states and transmission occasions/non-overlapping frequency resources is the same as the case that TCI states are from DCI indication.
Proposal 6: Switching between the legacy DMRS table and the new DMRS table depends on the number of indicated TCI states by TCI codepoint in DCI.
· If one TCI state is indicated by TCI codepoint, the legacy table is used.
· If two TCI states are indicated by TCI codepoint, the new table is used. 
Proposal 7: When the PRG is "wideband", the UE may assume that the same precoding is applied to the allocated resource corresponding to each TCI state for Scheme 2a and 2b.
Proposal 8: TBS of PDSCH is determined based on the number of OFDM symbols of PDSCH in one slot corresponding to one TCI state for ‘TDMSchemeA’.
Proposal 9: The time-domain position of PDSCH DMRS is based on the duration of PDSCH corresponding to one TCI state for scheme 3.
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