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1. Introduction

Rel-16 enhancement on MIMO WID includes objectives of enhancing multi-TRP/Panel transmission with ideal and non-ideal backhaul. During the work of rel-16, designs for multiple-PDCCH based and single-PDCCH based multi-TRP/Panel transmission were discussed and specified. This document summarizes the discussion in multi-TRP email thread 3 on the following two issues:
· Issue #b-10 to correct Description on QCL of DMRS ports of M-TRP PDSCH in 38.211  
· Issue #b-11 to Capture the missing conditions for scheme 4 and scheme 2a/2b/3 in TS 38.214 and also to correctly capture condition 1 for Scheme 4 in TS 38.214.
Issue#b-10: Description on QCL of DMRS ports of M-TRP PDSCH in 38.211  

Reason for changes: 
In current specification TS 38.211, we have the following description on DMRS in Section 7.4.1.1.2:
	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. The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.



That description can only apply to UE when a PDSCH associated with one TCI-state, for instance, single TRP transmission in rel-15. In contrast such restriction in the description does not apply some multi-TRP transmission.  Contributions [4] and [12] discussed this issue and proposed TP to correct.
[4] suggests that the QCL assumption of DMRS ports is mainly described in TS 38.214 for both single and multiple TCI states. Thus [4] suggests to remove that sentence in TS 38.211.  Furthermore [4] proposes an editorial change that adds the phrase “when applicable”. The TP proposed by [4] is listed as Alt1 below.
[12] suggests also that highlighted description does not apply to single-DCI based multi-TRP transmission when two TCI states are indicated for different DMRS ports in one PDSCH. [412] suggests to add a condition in the description and [412] does not prefer to delete that sentence for backward compatibility to Rel15. The TP proposed by [12] is listed as Alt 2 below.
Thus, for this issue, we have the following two alternative TPs:
· Alt1: TP proposed by [4] for TS 38.211
	---------------------------------------Start of text proposal for 7.4.1.1.2 of TS 38.214 --------------------------------------
[bookmark: _Toc29230379][bookmark: _Toc19796503][bookmark: _Toc36026638][bookmark: _Toc26459729]7.4.1.1.2	Mapping to physical resources
<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 ------------------------------------------------------




· Alt2: TP proposed by [12] for TS 38.211:
	[bookmark: _Hlk41421857]7.4.1.1.2	Mapping to physical resources
<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. Except for a PDSCH associated with two TCI states, the 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.



  Please input your views and comments on these two alternatives:

	Company
	Views and comments

	CATT
	Regarding the TP proposed in [12], we have the following comments:
1. Considering the fact that in scheme 3 and 4, DMRS ports associated with a PDSCH are QCL-ed in each transmission occasion, the newly added condition proposed in [12] is still not precise enough.
2. To address the issue of inaccurate description of QCL in 211, two approaches can be considered.
a) Alt-1: elaborate all the QCL cases as accurate as possible in 211
b) Alt-2: for QCL related descriptions in 211, cite corresponding parts in 214
For the above alternatives, alt-2 is preferred.

	Apple
	It looks Alt1 removed Rel-15 spec, but Alt2 fails to define similar behavior for mTRP. We suggest the following change. 
“The UE may assume that DMRS ports associated with a PDSCH TCI state are QCL with QCL Type A, Type D (when applicable) and average gain.”

	OPPO
	In Rel-15, the DMRS ports associated with a PDSCH may not be configured with any TCI state. Hence, we prefer the following wording to address the comment from CATT (The PDSCH here is actually a PDSCH transmission occasion):
“Except for a PDSCH transmission associated with two TCI states, the The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain”

	ZTE
	Similar view with Apple. Some wording changes are suggested as follows
The UE may assume that DMRS ports associated with a PDSCH and associated with the same TCI state are QCL with QCL Type A, Type D (when applicable) and average gain

	MediaTek
	We prefer a modified Alt1: 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, average gain, 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 Given the current TCI framework specified in Clause 5.1.5 of TS 38.214, the original sentence seems to be redundant except the mention of “average gain”.

	QC
	It seems the suggestions from Apple / ZTE is clearer and more backward compatible. 

	HW
	We prefer Alt 2, with clear enabling conditions of Rel-16 feature. Removing Rel-15 spec is too risky. Adding “a TCI state” or “same TCI state” seems to be same with “Except for a PDSCH associated with two TCI states”? We don’t find too much difference among different updates, as long as one of them is used.  A PDSCH associated with two TCI states has been clarified in 38.214. 

	Nokia
	We think in the same direction in Alt.1.  It would be cleaner not to define different behaviors in 38.211 and 38.214. May be removing unnecessary text from 38.211 is more suitable. However, we do understand the changes of Rel-15 behavior by this. 
In addition to the above discussion, the text “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” is not accurate considering Scheme 2b/3/4 as the PDSCH is actually multiple PDSCH transmission occasions, and they are not having same TCI state. However, defining all details are not essential here, as 38.214 discuss this in more details. 
Alt.3
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. Unless specified otherwise, tThe 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 TCI state of  PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.


	LG
	Considering backward compatibility, we do not prefer removing Rel-15 sentence.  We support the suggestion from Apple or OPPO, which is clear.

	NTT DOCOMO
	Agree with LG that Rel.15 sentence should be kept and OPPO’s version looks fine to us.

	Samsung
	For Alt1, we agree to add “(when applicable)” after ..spatial Rx. We don’t agree to delete the existing sentence for Rel-15 UEs.
For Alt2, behavior for two TCI states has to be specified. As such behavior is already specified in TS 38.214 clause 5.1.6.2 (DMRS reception procedure), we can refer it. The clause also contains association between DMRS ports and PDSCH so that it can be removed from 211.
Hence we suggest the following change:
	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 TCI state as described in clause 5.1.6.2 of [6, TS 38.214]PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.




	Ericsson
	We also do not prefer to remove the Rel-15 sentence.   We support revised version from Oppo:
“Except for a PDSCH transmission associated with two TCI states, the The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain”
As pointed out by others above, the behavior for a PDSCH associated with two TCI states is defined in 38.214.  So no need to repeat that in 38.211.

	Lenovo/MOT
	We also prefer that the Rel-15 sentence can not be removed and fine with add “(when applicable)”.  We support Samsung’s version:
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 TCI state as described in clause 5.1.6.2 of [6, TS 38.214]PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.

	Convida Wireless
	Prefer a modified Alt 2, e.g. according to the proposal from ZTE or OPPO.



Issue#b-11: capturing the missing conditions for scheme 4 and scheme 2a/2b/3 in TS 38.214

Reason for changes and background: 
In RAN1#99, we made the following agreement on conditions for those URLLC enhancement schemes of single-DCI based multi-TRP transmission:
	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



Furthermore, in RAN1 #100bis e-Meeting, we made the following agreement in a reply LS to RAN2:
	[bookmark: _Hlk41423524]From RAN1 perspective, schemes 2a/2b/3 and scheme 4 are mutually exclusive, which will be captured (with text proposal to be finalized) in TS38.214, Section 5.1.


Companies [1][2][4][9][14] discussed this issue in the contribution and most of them proposed TP to capture the missing conditions:
· [4] proposed to capture the missing conditions of URLLC scheme switching. [4] also propose to align the RRC parameter name in TS 38.214 with 38.331: the RRC parameter in 38.311 to configure scheme 2a/2b/3 is repetitionSchemeConfig-r16 and the RRC parameter for scheme 4 repetition number is repetitionNumber-r16. [4] also suggested that condition 1 for scheme 4 of Row A and B are not correctly captured too. Corresponding TP is provided by [4].
· [1] proposed to capture the condition 4 for scheme 2a/2b/3 and also “RepSchemeEnabler is not configured” for scheme 4. Corresponding TP is provided by [1]
· [2] also proposed TP to capture the missing condition for scheme4 and scheme 2a/2b/3 in TS 38.214
· [9] also proposed TP to capture the missing conditions for scheme 4 and scheme 2a/2b/3 in TS 38.214
· While [14] proposed to support dynamic switching between scheme 2a/2b/3 and 4.                       

Based on those two agreements made in RAN1#99 and RAN1#100bis e-Meeting and also the proposals by companies, FL suggests we update the TS 38.214 to capture those missing conditions for URLLC schemes.
A draft TP is proposed based on the TPs proposed in [1][2][4] and [9]:
Proposal: adopt the following TP for TS 38.214
	[bookmark: _Toc11352080][bookmark: _Toc29673133][bookmark: _Toc20317970][bookmark: _Toc36645497][bookmark: _Toc27299868][bookmark: _Toc29674267][bookmark: _Toc29673274]5.1	UE procedure for receiving the physical downlink shared channel
*** Unchanged text is omitted ***
[bookmark: _Hlk23778132]When a UE is configured by higher layer parameter RepetitionNumber-r16 RepSchemeEnabler 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 not configured with higher layer parameter RepetitionNumber-r16 and the UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepetitionNumber-r16 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 RepetitionNumber-r16 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. 
[bookmark: _Hlk23074489]When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepetitionNumber-r16 RepNumR16 in PDSCH-TimeDomainResourceAllocation, and it is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM group in the DCI field "Antenna Port(s)", the UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 
When a UE is not indicated with a DCI that DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepetitionNumber-r16 RepNumR16 in PDSCH-TimeDomainResourceAllocation, and it is indicated with one TCI states in a codepoint of the DCI field 'Transmission Configuration Indication', the UE procedure for receiving the PDSCH upon detection of a PDCCH follows Clause 5.1. 
*** Unchanged text is omitted ***
[bookmark: _Toc11352084][bookmark: _Toc20317974][bookmark: _Toc29673137][bookmark: _Toc29674271][bookmark: _Toc27299872][bookmark: _Toc29673278][bookmark: _Toc36645501]5.1.2.1	Resource allocation in time domain
*** Unchanged text is omitted ***
When a UE is configured by the higher layer parameter repetitionSchemeConfig-r16 RepSchemeEnabler 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. 
[bookmark: _Hlk26036768]When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList contain RepetitionNumber-r16 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 RepetitionNumber-r16 RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)" and the UE is not configured with higher layer repetitionSchemeConfig-r16, 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 RepetitionNumber-r16 RepNumR16 in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by RepetitionNumber-r16 RepNumR16 in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable CycMapping or SeqMapping in RepTCIMapping.
*** Unchanged text is 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 RepetitionNumber-r16 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. 
*** Unchanged text is omitted ***
[bookmark: _Toc29673283][bookmark: _Toc36645506][bookmark: _Toc20317979][bookmark: _Toc29673142][bookmark: _Toc29674276][bookmark: _Toc27299877][bookmark: _Toc11352089]5.1.2.3	Physical resource block (PRB) bundling
*** Unchanged text is omitted ***
For a UE configured by the higher layer parameter repetitionSchemeConfig-r16 RepSchemeEnabler 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 repetitionSchemeConfig-r16 RepSchemeEnabler 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 text is omitted ***
[bookmark: _Toc11352091][bookmark: _Toc20317981][bookmark: _Toc27299879][bookmark: _Toc29673144][bookmark: _Toc29674278][bookmark: _Toc36645508][bookmark: _Toc29673285]5.1.3.1	Modulation order and target code rate determination
*** Unchanged text is 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 text is omitted ***
[bookmark: _Toc11352092][bookmark: _Toc20317982][bookmark: _Toc29673145][bookmark: _Toc36645509][bookmark: _Toc29673286][bookmark: _Toc29674279][bookmark: _Toc27299880]5.1.3.2	Transport block size determination
*** Unchanged text is 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 text is omitted ***
[bookmark: _Toc11352102][bookmark: _Toc29673296][bookmark: _Toc29674289][bookmark: _Toc36645519][bookmark: _Toc20317992][bookmark: _Toc27299890][bookmark: _Toc29673155]5.1.6.2	DM-RS reception procedure
*** Unchanged text is 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 RepetitionNumber-r16 RepNumR16 in PDSCH-TimeDomainResourceAllocation and it is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM group in the DCI field "Antenna Port(s)", 
-	the 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 text is omitted ***
[bookmark: _Toc11352103][bookmark: _Toc20317993][bookmark: _Toc29674290][bookmark: _Toc36645520][bookmark: _Toc27299891][bookmark: _Toc29673297][bookmark: _Toc29673156]5.1.6.3	PT-RS reception procedure
*** Unchanged text is 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 RepetitionNumber-r16 RepNumR16 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 repetitionSchemeConfig-r16 RepSchemeEnabler 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 text is omitted ***



 Please input your views and comments on this TP draft:

	Company
	Views and comments

	Apple
	Support the TP

	OPPO
	Support the TP.

	ZTE
	Agree in principle. 
Some typos should be corrected, e.g. yellow parts should be replaced by ‘ repetitionSchemeConfig-r16’.
In addition, this part will be changed if MTRP can also be used for DCI format 1_2.

	MediaTek
	Agree in principle. There are a few typos. The name RepSchemeEnabler should be replaced by repetitionScheme-r16, instead of RepetitionSchemeConfig-r16 or repetitionNumber-r16. Besides, the first letter of repetitionScheme-r16 and repetitionNumber-16 should be lower case.

	vivo
	Agree in principle.
Just one comment: 
From the agreement on Scheme 4 and "Scheme 4" with repetition from the same TRP, the conditions are slightly different on whether repetitionSchemeConfig-r16 is configured or not.
	  TCI states
	CDM groups
	URLLCRepNum
	URLLCSchemeEnabler
	UE Behavior 

	1
	1
	Condition 1
	Configured or not configured 
	"Scheme 4" with repetition from the same TRP
Limitations agreed for Scheme 4 apply

	2
	1
	Condition 1
	Not configured 
	Scheme 4



For "Scheme 4" with repetition from the same TRP, UE behavior is different to some extent:
When applies the condition of “repetitionSchemeConfig-r16” configured or not configured, it means when repetitionSchemeConfig-r16 is configured, the UE support DCI-based dynamic switching between "Scheme 4" with repetition from the same TRP and scheme 2a/2b/3 depending on the number of TCI states and repetitionNumber-16 indicated in the scheduling DCI.
When applies the condition of “repetitionSchemeConfig-r16” not configured, it means when repetitionSchemeConfig-r16 is configured, the UE is never able to switch to "Scheme 4" with repetition from the same TRP.
To exactly reflect the agreement, the TP provided by the FL can be revised as:
================================
When a UE is not configured with higher layer parameter RepetitionNumber-r16 and the UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepetitionNumber-r16 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 RepetitionNumber-r16 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, and the UE is not configured with higher layer parameter RepetitionNumber-r16, 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.
=================================

	QC
	The TP has some typos as mentioned by other companies. Also, instead of mentioning the full set of conditions in every instant, we can simply have a statement in Section 5.1 as 
“A UE does not expect to be configured with repetitionScheme-r16 if the UE is configured with higher layer parameter repetitionNumber-16”
This should be the case even if both DCI formats 1_1 and 1_2 are allowed (otherwise, dynamic stitching is possible by using different DCI formats, which is not aligned with the agreement). 
Regarding "Scheme 4" with repetition from the same TRP, even though we agreed the condition is independent of whether repetitionScheme-r16 is configured or not, dynamic switching between “Scheme 4” with one TCI state and schemes 2a/2b/3 is not allowed in the agreement. This is because of “condition 4” is row F (schemes 2a/2b/3 are applicable only if no TDRA entry has repetitionNumber-16). 

	Nokia
	Not support. 
We do not think that restricting dynamic switching between Scheme 2a/2b/3 and Scheme 4 is needed, and it is hard to identify the issue of that when the UE supports all these schemes. Also, the agreement RAN1 had in RAN1 #99 is not accurate.
[image: ]
Yellow highlight in the above agreement shows Scenario F, and it says that captured combination is from the spec draft (‘in spec draft”). However, there was nothing about condition 4 in the spec draft (CR after RAN1 #98).  If you check other schemes like B, C, and E, all of them were in the spec draft and RAN1 captured the conditions 1, 2, 4 based on that. 
 

	LG
	Support TP with correcting typo mentioned by ZTE. 
As mentioned by QC, dynamic switching between scheme 4 with STRP and scheme 2/3 is not possible based on the agreement, since condition 1 and 4 are mutually exclusive. 

	NTT DOCOMO
	Support the TP with the correcting typos proposed by ZTE and MTK.

	Samsung
	Support the TP with corrections from ZTE and MTK.

	Ericsson
	Similar view as NTT Docomo.

	Lenovo/MOT
	Support the TP with corrections from ZTE and MTK

	vivo1
	Let’s consider the following configuration for a UE:
PDSCH-Config
{…
· pdsch-TimeDomainAllocationList (at least one entry in containing RepetitionNumber-r16)
· pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 (no entry containing RepetitionNumber-r16)
· repetitionSchemeConfig-r16
…
}

· If the conditions in the agreement are applied
	  TCI states
	CDM groups
	URLLCRepNum
	URLLCSchemeEnabler
	UE Behavior 

	1
	1
	Condition 1
	Configured or not configured 
	"Scheme 4" with repetition from the same TRP
Limitations agreed for Scheme 4 apply

	2
	1
	Condition 4
	Configured 
	Scheme 2a/2b/3



The following scheduling results are possible which realizes dynamic switching between "Scheme 4" with repetition from the same TRP and scheme 2a/2b/3
	DCI format
	DCI indication
	UE Behavior 

	
	TCI states
	CDM groups
	RepetitionNumber-r16
	

	1-1
	1
	1
	Condition 1: >1
	"Scheme 4" with repetition from the same TRP
Limitations agreed for Scheme 4 apply

	1-2
	2
	1
	Condition 4
	Scheme 2a/2b/3



· Otherwise, if the conditions in the current TP are applied, i.e.,
	  TCI states
	CDM groups
	URLLCRepNum
	URLLCSchemeEnabler
	UE Behavior 

	1
	1
	Condition 1
	not configured 
	"Scheme 4" with repetition from the same TRP
Limitations agreed for Scheme 4 apply

	2
	1
	Condition 4
	Configured 
	Scheme 2a/2b/3


There would be no chance to schedule "Scheme 4" with repetition from the same TRP by DCI format 1-1 under the current text in the TP. This would leave some scheduling restriction.
It is obvious that the current TP does not fully comply with the agreement. By modifying the typo of the RRC parameter, our proposal is
================================
When a UE is not configured with higher layer parameter RepetitionNumber-r16 and the UE is configured by the higher layer parameter PDSCH-config that indicates at least one entry in pdsch-TimeDomainAllocationList containing RepetitionNumber-r16 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 RepetitionNumber-r16 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, and the UE is not configured with higher layer parameter repetitionSchemeConfig-r16, 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.
=================================

	CATT
	Support the TP with corrections of the typos. 
We agree with QC and LG that scheme 4 of either single TRP or multi-TRP based transmission cannot be configured with the indication of schemes 2a/2b/3 simultaneously.
Another correction is  for capturing “Condition 1”  in spec as highlighted blue below, 
When a UE is not configured with higher layer parameter RepetitionNumber-r16 and the UE is configured by the higher layer parameter PDSCH-config that indicates  one entry in pdsch-TimeDomainAllocationList containing 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 RepetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)".

	HW
	Although we support the TP in principle, QC’s suggestion seems to be much cleaner and can achieve the same goal of TP. Also the concern of supporting two DCI formats 1-1 and 1-2 simultaneously can be problematic, if using original TP.  

	FUTUREWEI
	We support the TP in principle, and we support vivo1’s proposal and QC proposal. In fact both proposals (both alternatives) were discussed in our past contribution R1-2002052, which we now added in the Reference section as [21].


2. Summary of Proposals

Proposal: adopt the following TP for TS 38.211
	7.4.1.1.2	Mapping to physical resources
<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. Unless specified otherwise, The 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). UE may assume that DMRS ports associated with a TCI state as described in clause 5.1.6.2 of [6, TS 38.214] of 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.




Proposal: adopt the following TP for TS 38.214
	5.1	UE procedure for receiving the physical downlink shared channel
*** Unchanged text is omitted ***
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.  

A UE does not expect to be configured with repetitionScheme-r16 if the UE is configured with higher layer parameter repetitionNumber-16

*** Unchanged text is omitted ***
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    TCI  s t a t e s  CDM  g r o u p s  URLLCRepNum  URLLCSchemeEna bler  UE Behavior   

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

A (one scheme)  1  1  Condition 1  Configured or not  configur ed   "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   
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