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Introduction
In this contribution, we will provide further discussion on the applicability of MRTD/MTTD requirements for multi-TRxP transmission in Rel-16.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For NR eMIMO, multi-TRxP PDSCH transmission is introduced in Rel-16, and the impacts of multi-TRxP PDSCH transmission on MRTD/MTTD requirements were discussed in RAN4. The main issue was focused on whether existing MRTD/MTTD requirements for intra-band EN-DC/NR-CA can be applied to the case of multi-TRxP PDSCH transmission. Based several meeting cycles’ discussion, RAN4 concluded that there is no impact on the existing MRTD/MTTD requirements due to introducing multi-TRP PDSCH transmissions.
Observation 1: The existing MRTD/MTTD requirements are applied to both single-TRxP transmission and multi-TRxP transmission.
It is RAN4 common understanding that the current MRTD/MTTD requirements are applicable for both single-TRxP transmission and multi-TRxP transmission. However, the terminologies of single-TRxP transmission and multi-TRxP transmission are just used for RAN4 discussion. According to RAN1’s specification, whether the PDSCH transmission on a serving cell is single-TRxP or multi-TRxP depends on how to configure or indicate the PDSCH transmission.
For multi-DCI based multi-TRxP transmission, the UE can be configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, as defined in TS38.213 as follows:
	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.


For single-DCI based multi-TRxP transmission, the UE can be configured by higher layer parameter repetitionScheme and indicated with two TCI states in a codepoint of the DCI, as defined in TS38.213 as follows:
	[bookmark: _Hlk23778132]When a UE is configured by higher layer parameter repetitionScheme 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)'.
-	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. 


For single-DCI based multi-TRxP transmission, the UE can be configured by higher layer parameter repetitionNumber and indicated with two TCI states in a codepoint of the DCI, as defined in TS38.213 as follows:
	When a UE is configured by the higher layer parameter repetitionNumber 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 which contains repetitionNumber 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 in the repetitionNumber consecutive slots 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 in the repetitionNumber consecutive slots as defined in Clause 5.1.2.1. 


It can be observed that whether single-TRxP PDSCH transmission or multi-TRxP PDSCH transmission is assumed on serving cell relies on the configuration of multiple higher layer parameters (e.g., the values of coresetPoolIndex in ControlResourceSet contained in PDCCH-Config, repetitionScheme or repetitionNumber) and the number of TCI states indicated in a DCI.
Observation 2: Whether single-TRxP and multi-TRxP is assumed for the PDSCH transmission of a serving cell is derived based on the configuration of multiple higher layer parameters and/or the indication of TCI state(s) in a DCI.
When UE is configured by the higher layer parameter repetitionScheme set to 'tdmSchemeA' and indicated with one TCI state in a codepoint of the DCI, single-TRxP can be assumed for this PDSCH transmission. The TCI state(s) of a serving cell can be dynamically indicated by the DCI. So, the PDSCH transmission of a serving cell can be dynamically switching between single-TRxP and multi-TRxP.
Observation 3: When UE is configured by the higher layer parameter repetitionScheme set to 'tdmSchemeA', based on the number of TCI state(s) indicated in the DCI, the PDSCH transmissions of the serving cell can dynamically switching between single-TRxP mode and multi-TRxP mode.
It can been seen that the principles of assuming PDSCH transmission as single-TRxP or multi-TRxP totally rely on the scheme of PDSCH transmission in RAN1’s specification. If the applicability rules for multi-TRxP would be introduced, then the applicability rules for multi-TRxP need to be updated accordingly as long as the definition of PDSCH transmission in RAN1’s specification has been revised. 
Observation 4: The principles of assuming PDSCH transmission as single-TRxP transmission or multi-TRxP transmission depend upon the scheme of PDSCH transmission defined in RAN1’s specification.
The MRTD/MTTD requirements specify the maximum receive/transmit timing difference between different CCs. Whether a single-TRxP PDSCH transmission or a multi-TRxP PDSCH transmission is divided from single CC perspective. Multi-TRxP PDSCH transmission is one of the cases that the existing MRTD/MTTD requirements can be applied. To introduce the applicability rules of MRTD/MTTD requirements for multi-TRxP might cause misunderstanding that the MRTD/MTTD requirements are not applicable for single-TRxP.
Based on the above analysis, it is suggest not to introduce the applicability of MRTD/MTTD requirements for multi-TRxP transmission in RAN4 specification. Then, the definition of MRTD/MTTD requirements be will be not impacted even when the PDSCH transmission scheme is updated in future release.
Proposal 1: Since the MRTD/MTTD requirements are defined as common requirements and applicable for all the PDSCH transmission schemes defined in RAN1’s specification, there is no need to introduce the application rules of MRTD/MTTD requirements for a certain type of PDSCH transmission scheme in RAN4.
Conclusions
[bookmark: _GoBack]This contribution provides the discussion on the applicability of MRTD/MTTD requirements for multi-TRxP transmission in NR eMIMO. The followings are provided:
Observation 1: The existing MRTD/MTTD requirements are applied to both single-TRxP transmission and multi-TRxP transmission.
Observation 2: Whether single-TRxP and multi-TRxP is assumed for the PDSCH transmission of a serving cell is derived based on the configuration of multiple higher layer parameters and/or the indication of TCI state(s) in a DCI.
Observation 3: When UE is configured by the higher layer parameter repetitionScheme set to 'tdmSchemeA', based on the number of TCI state(s) indicated in the DCI, the PDSCH transmissions of the serving cell can dynamically switching between single-TRxP mode and multi-TRxP mode.
[bookmark: OLE_LINK143]Observation 4: The principles of assuming PDSCH transmission as single-TRxP transmission or multi-TRxP transmission depend upon the scheme of PDSCH transmission defined in RAN1’s specification.
Proposal 1: Since the MRTD/MTTD requirements are defined as common requirements and applicable for all the PDSCH transmission schemes defined in RAN1’s specification, there is no need to introduce the application rules of MRTD/MTTD requirements for a certain type of PDSCH transmission scheme in RAN4.
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