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Introduction
In this contribution, the remaining details and further clarification of PT-RS are discussed. 
[bookmark: _Ref228947482]Discussion 
[bookmark: OLE_LINK196]DL PT-RS antenna port indication
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK55][bookmark: OLE_LINK69]In RAN1 AH1801 meeting, addition to TCI field present in DCI, the method of TCI state applied for CORESET indicating the number of PT-RS ports has been introduced for the case of TCI-PresentinDCI is set as “Disabled”.  The activated TCI state of a CORESET is configured or activated via higher layer signaling, it is a semi-static state different from the TCI state dynamically indicated by DCI. Accordingly, accompanied with introducing this method, a limitation is also brought to dynamic scheduling, for example, when the scheduling offset is less or equal than the threshold, the number of PTRS ports is indicated by the TCI state applied for CORESET with lowest ID in latest slot. If the default TCI state in latest slot configured with 2 PTRS ports, gNB should schedule 2 PTRS ports in current slot, i.e. the default indication in latest slot limit the dynamic scheduling scheme in current slot. What if gNB need to schedule one PTRS port in current slot based on the channel condition? Actually, the main purpose of default TCI state indication is to make a receiving rule before DCI has been decoded, the scheduled number of PTRS will be clear after DCI has been decoded. 
[image: ]
Figure 1 the number of PT-RS ports indicated by CORESET with lowest ID in latest slot

[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88]Accordingly, we propose that scheduling DCI can rewrite the semi-static indication, the same way as if the scheduled MCS is smaller than 5, UE shall assume that PT-RS is not present even though higher layer parameter Downlink-PTRS-Config is set to ‘ON’.  For example, if the default TCI indicates that the number of PT-RS ports is 2, and the DCI indicates only one codeword with one DMRS port group, the UE assumes only one PTRS port associated with the scheduled DMRS port group has been scheduled.  

[bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK131][bookmark: OLE_LINK225][bookmark: OLE_LINK226][bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Proposal 1: DCI has priority of scheduling indication, i.e. if the scheduled number of DMRS port groups is less than the indicated number of PTRS ports, UE assume the scheduled number of PT-RS equal to the scheduled number of DMRS port groups.

[bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK129][bookmark: OLE_LINK130]Since TCI state is an optional information element for CORESET configuration, if the default CORESET does not configured with TCI state, how to interpret the number of PT-RS also need to be specify, the reasonable interpretation is that UE shall assume PT-RS is not present. And then, the dedicated CORESET for beam failure recovery CORESET-BFR also not configured with TCI state, considering the situation is beam failure recovery, the scheduled bandwidth and MCS should be more robustness, there is also no need to schedule PT-RS.

[bookmark: OLE_LINK227][bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 2: If the default CORESET is not configured with a TCI state or the configured TCI state is not configured with the parameter nrofPTRS-Ports, UE shall assume PT-RS is not present.

[bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK176][bookmark: OLE_LINK177][bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK170][bookmark: OLE_LINK171][bookmark: OLE_LINK148][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK160]When the scheduling offset is less or equal than the threshold, TCI-PresentinDCI = “Enabled” should apply the same indication method with TCI-PresentinDCI = “Disabled”, because it is not clear for UE that the DCI will be decoded in the CORESET configured with TCI-PresentinDCI set as “Enabled” or “Disabled” before the threshold. PT-RS will be present with PDSCH simultaneously, and the similar description in 38.214 section 5.1.5 is also applicable for PT-RS.

[bookmark: OLE_LINK174][bookmark: OLE_LINK175]Proposal 3: Apply the same indication method with TCI-PresentinDCI = “Disabled” to TCI-PresentinDCI = “Enabled” when scheduling offset is less or equal than the threshold.

[bookmark: OLE_LINK161]The corresponding text proposal is showed below.
	Text proposal for 38.214 5.1.6.3 PT-RS reception procedure
[bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK194][bookmark: OLE_LINK195]If the higher layer parameter TCI-PresentinDCI that is set as ‘Enabled’ for the CORESET scheduling the PDSCH, and the scheduling offset is equal to or greater than the threshold indicated by the UE reported ThresholdSched-Offset, the scheduled number of PT-RS ports for a UE is indicated by TCI in DCI. If the higher layer parameter TCI-PresentinDCI is set as “Disabled” for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, the scheduled number of PT-RS ports for a UE PDSCH transmission is indicated by the TCI state applied for the CORESET used for the PDCCH transmission that schedules the PDSCH when the scheduling offset is above equal to or greater than the threshold indicated by the UE reported ThresholdSched-Offset. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', Iif the scheduling offset is less or equal than the threshold, the scheduled number of PT-RS ports for a UE PDSCH transmission is indicated by the TCI state applied for the CORESET with the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. If this CORESET is not configured with a TCI state or the configured TCI state is not configured with the parameter nrofPTRS-Ports the UE shall assume PT-RS is not present in the scheduled PDSCH.  If all configured TCI states do not contain ‘QCL-TypeD’, the UE shall obtain the number of PT-RS ports 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.


[bookmark: OLE_LINK197]Association between PT-RS port and DMRS port group
	[bookmark: OLE_LINK164][bookmark: OLE_LINK180][bookmark: OLE_LINK181]38.214 5.1.6.3 PT-RS reception procedure
A UE is configured by higher layer parameter nrofPorts with a number of DL PT-RS ports per TCI-state (as described in sub-clause 5.1.5) for PDSCH transmission.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK63][bookmark: OLE_LINK64]-	If the number of DL PT-RS ports associated to a TCI-state in DCI is set to 2, the scheduled number of PT-RS ports is 2, and each PT-RS port is associated with one DM-RS port within the corresponding DM-RS port group, and the UE does not expect to be scheduled with one DM-RS port group.
-	A DL PT-RS port and the DL DM-RS port(s) within the DL DM-RS port group containing the DM-RS port associated with the PT-RS port are assumed to be quasi co-located with respect to {‘QCL-TypeA’ and ‘QCL-TypeD’}.
-	The first PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the first DM-RS port group. The second PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the second DM-RS port group.
-	If the number of DL PT-RS ports associated to a TCI -state in DCI is set to 1, the number of PT-RS ports is 1
-	If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is shared among the two DM-RS port groups.
----- Omit -----

Agreements(AH1701):
· Regarding PT-RS for CP-OFDM, the following is supported
· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline
…
· Multiple PT-RS densities defined in time/frequency domain are supported
· UE can assume same precoding for a DM-RS port and a PT-RS port
…




As showed above, in current specification, the description about the association between PT-RS port and DMRS port group is provided for DCI indication method,  most of the description is applicable for TCI applied for CORESET indication method, and it should additionally take propose 1 into consideration. 
[bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK219]Another text proposal is about the precoding of PT-RS. The agreement achieved in AH1701 meeting that UE can assume same precoding for a DM-RS port and PT-RS port have not captured in specification. The corresponding text proposal is showed below.

	[bookmark: OLE_LINK208][bookmark: OLE_LINK209][bookmark: OLE_LINK210][bookmark: OLE_LINK214][bookmark: OLE_LINK228]Text proposal for 38.214 5.1.6.3 PT-RS reception procedure
A UE is configured by higher layer parameter nrofPorts with a number of DL PT-RS ports per TCI-state (as described in sub-clause 5.1.5) for PDSCH transmission.
[bookmark: OLE_LINK182][bookmark: OLE_LINK183]-	If the number of DL PT-RS ports associated to a TCI-state in DCI is set to 2, the scheduled number of PT-RS ports is 2, and each PT-RS port is associated with one DM-RS port within the corresponding DM-RS port group, and the UE does not expect to be scheduled with one DM-RS port group
-	A DL PT-RS port and the DL DM-RS port(s) within the DL DM-RS port group containing the DM-RS port associated with the PT-RS port are assumed to be quasi co-located with respect to {‘QCL-TypeA’ and ‘QCL-TypeD’}.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33]-	The first PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the first DM-RS port group. The second PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the second DM-RS port group.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]-	The UE does not expect to be scheduled with two PT-RS ports when the scheduled number of DM-RS port group is 1.
-	If the number of DL PT-RS ports associated to a TCI -state in DCI is set to 1, the scheduled number of PT-RS ports is 1
[bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK221][bookmark: OLE_LINK222]----- Omit -----
[bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK220]-	If a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port assigned for codeword 0.
UE shall assume same precoding is applied for a PT-RS port and the DM-RS port associated with the PT-RS port.



Conclusions
In this contribution, we share some views on remaining details on DL PT-RS. Above all, the proposals are summarized as follows.
Proposal 1: DCI has priority of scheduling indication, i.e. if the scheduled number of DMRS port groups is less than the indicated number of PTRS ports, UE assume the scheduled number of PT-RS equal to the scheduled number of DMRS port groups.
Proposal 2: If the default CORESET is not configured with a TCI state or the configured TCI state is not configured with the parameter nrofPTRS-Ports, UE shall assume PT-RS is not present.
Proposal 3: Apply the same indication method with TCI-PresentinDCI = “Disabled” to TCI-PresentinDCI = “Enabled” when scheduling offset is less or equal than the threshold.
[bookmark: _GoBack]
Text proposal:
	[bookmark: OLE_LINK235][bookmark: OLE_LINK236]38.214 5.1.6.3 PT-RS reception procedure
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]If the higher layer parameter TCI-PresentinDCI that is set as ‘Enabled’ for the CORESET scheduling the PDSCH, and the scheduling offset is equal to or greater than the threshold indicated by the UE reported ThresholdSched-Offset, the scheduled number of PT-RS ports for a UE is indicated by TCI in DCI. If the higher layer parameter TCI-PresentinDCI is set as “Disabled” for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, the scheduled number of PT-RS ports for a UE PDSCH transmission is indicated by the TCI state applied for the CORESET used for the PDCCH transmission that schedules the PDSCH when the scheduling offset is above equal to or greater than the threshold indicated by the UE reported ThresholdSched-Offset. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', Iif the scheduling offset is less or equal than the threshold, the scheduled number of PT-RS ports for a UE PDSCH transmission is indicated by the TCI state applied for the CORESET with the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. If this CORESET is not configured with a TCI state or the configured TCI state is not configured with the parameter nrofPTRS-Ports the UE shall assume PT-RS is not present in the scheduled PDSCH. If all configured TCI states do not contain ‘QCL-TypeD’, the UE shall obtain the number of PT-RS ports 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.

A UE is configured by higher layer parameter nrofPorts with a number of DL PT-RS ports per TCI-state (as described in sub-clause 5.1.5) for PDSCH transmission.
-	If the number of DL PT-RS ports associated to a TCI-state in DCI is set to 2, the scheduled number of PT-RS ports is 2, and each PT-RS port is associated with one DM-RS port within the corresponding DM-RS port group, and the UE does not expect to be scheduled with one DM-RS port group.
-	A DL PT-RS port and the DL DM-RS port(s) within the DL DM-RS port group containing the DM-RS port associated with the PT-RS port are assumed to be quasi co-located with respect to {‘QCL-TypeA’ and ‘QCL-TypeD’}.
-	The first PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the first DM-RS port group. The second PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the second DM-RS port group. 
-	The UE does not expect to be scheduled with two PT-RS ports when the scheduled number of DM-RS port group is 1.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73]-	If the number of DL PT-RS ports associated to a TCI -state in DCI is set to 1, the scheduled number of PT-RS ports is 1
----- Omit -----
-	If a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port assigned for codeword 0.
UE shall assume same precoding is applied for a PT-RS port and the DM-RS port associated with the PT-RS port.
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