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Introduction
In Rel-16, NC-JT is introduced to further enhance spectral efficiency and reliability for NR system. Targeting different deployment scenarios, NC-JT transmission based on either single DCI or multiple DCIs can be supported. In addition to the above approaches, several enhanced schemes based on multi-TRP/panel transmission for URLLC have also been adopted in Rel-16. However, due to the lack of discussion time, there are still some issues left open. Therefore, in this contribution, we provide our views on some of the remaining issues needed to be considered to support multi-TRP/panel transmission.
Single-DCI based multi-TRP/panel transmission
Mapping type of PDSCH for scheme 3
[bookmark: _Hlk16333865]According to the agreement in RAN1#98bis below, it has been agreed that the indicated SLIV is applied to the first transmission occasion, and the second transmission occasion has the same number of symbols as the first transmission occasion.
	Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 
· The starting symbol and length of the first transmission occasion is indicated by SLIV. 
· The length of the second transmission occasion is the same with the first transmission occasion.
· Exact candidate value of K can be decided in RAN1#99
· FFS: Any restrictions on the possible value pairs for K and SLIV


The PDSCH mapping type for the first transmission occasion can be either type A or type B, but the mapping type for the second transmission occasion is not clear. In RAN1#100-e meeting, the issue was raised in [1] and it was suggested to specify the mapping type for the second transmission occasion to type B.
This is a natural consideration but some issues still need to be discussed.  
1) When the PDSCH mapping type is type A configured for the first transmission occasion, the mapping type for the second transmission occasion is type B.  The relative positions of DMRS symbols may not be the same for both transmission occasions when the starting symbol of the scheduled PDSCH is prior to the first front-loaded DMRS as shown in Figure 1 below for instance where different relative positions of the front-loaded DMRS are given. This may lead to a more complex channel estimation implementation for the UE.
[image: ]
Figure 1: Transmission pattern for Type A+Type B (L= 4 symbols)
2) For the scheduled PDSCH length equals 7, both the relative positions and the number of DMRS symbols are not the same for both transmission occasions when the PDSCH mapping type of the first transmission occasion is type A and the mapping type of the second transmission occasion is type B. This may also lead to the inconsistency in the understanding of the TBS determination of the two transmission occasions since the number of symbols used for the calculation of TBS is different shown in Figure.2 below where different positions of the front-loaded DMRS are given.
[image: ]Figure 2: Transmission pattern for Type A+Type B (L=7 symbols)
3) When the PDSCH mapping type is type B configured for the first transmission occasion, the mapping type for the second transmission occasion is type B.  The relative positions of DMRS symbols may not be the same for both transmission occasions when the configured front-loaded DMRS symbol collides with resources reserved for a search space associated with a CORESET. An example is given as PDSCH Type B with 4 symbols with single-symbol DMRS and collision of the 1st OFDM symbol in the first transmission occasion is assumed in Figure 3. This may also lead to a more complex channel estimation implementation for the UE.
[image: ]Figure 3: Transmission pattern for Type B+Type B (L=4 symbols)
To solve these issues, we suggest the following solution:
No matter what the PDSCH mapping type is configured for the first transmission occasion, the relative DMRS positions within the second transmission occasion are the same as those of the first transmission occasion, which means the transmission pattern of both the DMRS and data is the same as shown in Figure 4.
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Figure 4: Copied pattern for the second transmission occasion (L= 4 symbols)
[bookmark: p27]Proposal 1: For the determination of the PDSCH mapping type for scheme 3, we suggest the following solution:
No matter what the PDSCH mapping type is configured for the first transmission occasion, the relative DMRS positions within the second transmission occasion are the same as the first transmission occasion. 
-----------------------------------------Start of text proposal of 5.1.2.1 in TS 38.214 -------------------------------------------
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. The PDSCH mapping type for the first PDSCH transmission occasion is indicated by the Time domain resource assignment field of the DCI as described in Clause 5.1.2.1, and the relative positions of DMRS symbols within the second PDSCH transmission occasion are the same as the first transmission occasion.
-	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. 
------------------------------------------------------- End of text proposal ------------------------------------------------------
Default QCL for single-DCI based transmission
According to the agreement in RAN1#99, the support of two default TCI state is up to UE capability.
	Agreement(RAN1#99) 
For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',
· If the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:
· Use the TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states which are activated for PDSCH.
· If all the TCI codepoints are mapped to a single TCI state, then Rel-15 behavior is followed
The support of this feature is part of UE capability.


However, the highlighted part is not captured in current spec. 
Proposal 2: Adopt the following TP to fully capture the agreement regarding the capability of supporting two default TCI states in subsection 5.1.5 of 38.214.
-----------------------------------------Start of text proposal of 5.1.5 in TS 38.214 --------------------------------------------
For the UE supporting default QCL assumption with two TCI states, Iif the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
[bookmark: _GoBack]------------------------------------------------------- End of text proposal ------------------------------------------------------
Description of QCL assumption in 211
In Rel-15, as only single-TRP transmission is supported, it’s state in subsection 7.4.1.1.2 of 211 that The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain. However, with such restriction, NC-JT can’t be supported. Actually the QCL assumption of DMRS ports is mainly described in 214 for both single multiple TCI states cases. It’s more relevant to remove the above single-TCI-state restriction in 211.
In addition, to align with the description of QCL type D in other places in 211, the phrase “when applicable” should be added.
Proposal 3: To support NC-JT, the restriction on single-TCI-state assumption described in 211 should be removed.
----------------------------------------Start of text proposal of 7.4.1.1.2 in TS 38.214 ------------------------------------------
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.
------------------------------------------------------- End of text proposal ------------------------------------------------------
Multi-DCI based multi-TRP/panel transmission
Restriction on number of TCI states in M-DCI-based M-TRP transmission
So far, no agreement has been reached to support the scheduling of two PDSCHs, where each PDSCH has more than one TCI state. However, the current spec does not prohibit such behavior. This means that a UE may receive PDSCHs with up to four different TCI states in full/partially-overlapped resource.
Therefore, to avoid such case, it should be specified in spec that when a UE is configured with two different values of CORSETPoolindex, only one TCI state can be indicated in each DCI.
Proposal 4: When a UE is configured with two different values of CORSETPoolindex, only one TCI state can be indicated in each DCI.
A text proposal to 214 is provided as follows.
-----------------------------------------Start of text proposal of 5.1 in TS 38.214 -------------------------------------------
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect to be indicated with only one TCI state in a codepoint of the DCI field 'Transmission Configuration Indication' from each of the PDCCHs.  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.
------------------------------------------------------- End of text proposal ------------------------------------------------------
Default value of R
In RAN1 #98, the following agreement has been reached. 
	Agreement
If a UE can support and report R>1 for M-DCI based M-TRP/panel transmission, 
· The value of r for a downlink cell configured with M-DCI based M-TRP is determined as
· If UE reports pdcch-BlindDetectionCA, the value of r to be applied is optionally configured by RRC, either r=1 or reported value r=R 
· Note that when network configures r=1, it does not imply that UE has to support more CCs beyond the UE reported capability
· If UE does not report pdcch-BlindDetectionCA or the value of r is not configured by RRC, r=R. 
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP such that A+R∙B>4, whereas R is reported by UE capability signaling.  
· If the UE does not report pdcch-BlindDetectionCA, the UE does not expect to be configured with DL cells to the UE such that A+ R∙B>4 with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP, whereas R is reported by UE capability signaling.
· The value range of R is [1, 2], and is indicated through UE capability signalling.
· Note that this agreement does not preclude a UE from reporting multiple R values and corresponding A and B pairs depending on UE capability
· Note that how to capture above into the spec can be up to the editor.


The value of R if the UE does not report it is still TBD in current spec. We suggest adopting 1 as the default value of R in such case.
Proposal 5: Adopting 1 as the default value of R, if the UE does not report it.
A text proposal to subsection 10 of 213 is provided as shown below.
---------------------------------------Start of text proposal of 10 in TS38.213 --------------------------------------------
If a UE can support
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of serving cells, and
 -	a second set of  serving cells where the UE is provided CORESET PoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of serving cells
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA, a number of serving cells as  where  is either a value reported by the UE or  if the UE does not report a value of R. 
---------------------------------------------------- End of text proposal ------------------------------------------------------

Conclusions
In this contribution we provide our views on some remaining issues need to be addressed for supporting multi-TRP/panel-based transmission in Rel-16. Based on the discussion above, we have the following proposals:
Proposal 1: For the determination of the PDSCH mapping type for scheme 3, we suggest the following solution:
No matter what the PDSCH mapping type is configured for the first transmission occasion, the relative DMRS positions within the second transmission occasion are the same as the first transmission occasion. 
-----------------------------------------Start of text proposal of 5.1.2.1 in TS 38.214 -------------------------------------------
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. The PDSCH mapping type for the first PDSCH transmission occasion is indicated by the Time domain resource assignment field of the DCI as described in Clause 5.1.2.1, and the relative positions of DMRS symbols within the second PDSCH transmission occasion are the same as the first transmission occasion.
-	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. 
------------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 2: Adopt the following TP to fully capture the agreement regarding the capability of supporting two default TCI states in subsection 5.1.5 of 38.214.
-----------------------------------------Start of text proposal of 5.1.5 in TS 38.214 --------------------------------------------
For the UE supporting default QCL assumption with two TCI states, Iif the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
------------------------------------------------------- End of text proposal ------------------------------------------------------

Proposal 3: To support NC-JT, the restriction on single-TCI-state assumption described in 211 should be removed.
----------------------------------------Start of text proposal of 7.4.1.1.2 in TS 38.214 ------------------------------------------
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.
------------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 4: When a UE is configured with two different values of CORSETPoolindex, only one TCI state can be indicated in each DCI.
-----------------------------------------Start of text proposal of 5.1 in TS 38.214 -------------------------------------------
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect to be indicated with only one TCI state in a codepoint of the DCI field 'Transmission Configuration Indication' from each of the PDCCHs.  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.
------------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 5: Adopting 1 as the default value of R, if the UE does not report it.
---------------------------------------Start of text proposal of 10 in TS38.213 --------------------------------------------
If a UE can support
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of serving cells, and
 -	a second set of  serving cells where the UE is provided CORESET PoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of serving cells
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA, a number of serving cells as  where  is either a value reported by the UE or  if the UE does not report a value of R. 
---------------------------------------------------- End of text proposal ------------------------------------------------------
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