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1. Introduction

After RAN1#92 meeting, there are the following remaining issues related to PT-RS:
1. The spec text describing PT-RS procedures in 38.214 (working assumption was made last meeting)

2. Density in case of UCI on PUSCH without UL-SCH 
3. Downlink PT-RS port indication when there is no TCI
In this paper, our views on the above issues regarding PT-RS are given. 
2. Discussion on remaining issues on PT-RS
1. The spec text describing PT-RS procedures in 38.214 (working assumption was made last meeting)
      The following working assumption was made in the last meeting:
Working Assumption
The following text proposal is agreed.

 >>>>>>>>>>>>>>>>>>>>>> Start text proposal Section 5.1.6.3 of TS38.214>>>>>>>>>>>>>>>>>>>>>>
If a UE is configured with the higher layer parameter Downlink-PTRS-Config, set to 'ON',

-
if either or both of the additional higher layer parameters timeDensity and frequencyDensity are both configured, and the RNTI equals C-RNTI or CS-RNTI, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding scheduled MCS of the corresponding codeword and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 



- if the higher-layer parameter timeDensity is not configured, the UE may assume LPT-RS = 1.



- if the higher-layer parameter frequencyDensity is not configured, the UE may assume KPT-RS = 2.
-
otherwise, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2 and the UE shall assume that PT-RS is not present when,

-
the scheduled MCS from Table 5.1.3.1-1 is smaller than 10, or

-
the scheduled MCS from Table 5.1.3.1-2 is smaller than 5, or 

-
the number of scheduled RBs is smaller than 3, or

-    the RNTI equals RA-RNTI, SI-RNTI or P-RNTI
>>>>>>>>>>>>>>>>>>>>>> End text proposal Section 5.1.6.3 >>>>>>>>>>>>>>>>>>>>>>>>>>>
We think that this text proposal should be agreed since if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and the RNTI equals C-RNTI or CS-RNTI, this means that PT-RS should be present. When the RNTI equals RA-RNTI, SI-RNTI or P-RNTI, this means PT-RS needs not be present. 
Proposal 1: Confirm the working assumption for PT-RS in the last meeting.  
2. Density in case of UCI on PUSCH without UL-SCH 
It has been agreed in the last meeting that for UCI-only multiplexed on PUSCH without UL-SCH, modulation order and code rate are signalled in DCI and the resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH [1]. 
Therefore, since MCS is signalled in DCI, PT-RS time-domain density in case of UCI on PUSCH without UL-SCH should follow the case when UCI is multiplexed on PUSCH with UL-SCH. For its frequency-domain density, it should also be determined by the occupied bandwidth of UCI. 
Proposal 2:  PT-RS density in case of UCI on PUSCH without UL-SCH should follow the rule with PT-RS density in case of UCI on PUSCH with UL-SCH. 
3. Downlink PT-RS port indication when there is no TCI
It has been agreed that if the higher layer parameter TCI-PresentinDCI is set as ‘Enabled’, 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’, 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 the threshold indicated by the UE reported ThresholdSched-Offset[2]. 
However, there are cases that TCI is not present in DCI and at the same time the tci-StatesPDCCH applied for the CORESET used for the DCI can not be used or there is no tci-StatesPDCCH in the CORESET, such as in the following two cases:

1) Cross-carrier scheduling when TCI is not present
2) PDSCH is scheduled by DCI in CORESET-BFR where TCI is also not present 
For case 1), cross-carrier scheduling means the network using PDCCH on scheduling cell ‘x’ to allocate resources on scheduled cell ‘y’, therefore UE does not monitor PDCCH on scheduled cell ‘y’.  Since cross-carrier scheduling PDCCH is transmitted on scheduling cell  ‘x’, if the TCI-PresentinDCI is set as ‘Disabled’ for the cross-carrier scheduling PDCCH and based on the current agreement, the TCI of the scheduled PDSCH on cell ’y’ shall be indicated by the TCI state applied for the CORESET in scheduling cell ‘x’. However, the TCI state applied for the CORESET in scheduling cell ‘x’ may not be suitable for the TCI of PDSCH in scheduled cell ’y’. In order to solve this problem, one simple solution is to restrict TCI-PresentinDCI is always set as ‘Enabled’ when cross-carrier scheduling is applied in Release15. Other enhanced solution without such restriction can be further discussed in Release 16. 
For case 2), as described in section 6 of TS38.213, a UE is configured with one dedicated CORESET-BFR to monitor PDCCH for beam failure recovery response according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index  
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. For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. This means that there may be no TCI in DCI and no TCI-StatesPDCCH in the CORESET-BFR. In this case, in order to indicate the PT-RS ports number of the PDSCH scheduled by the DCI in CORESET-BFR, a few ways may be needed. 
·   one possible way is to constrain the MCS or the scheduled bandwidth of PDSCH scheduled by DCI in CORESET-BFR to conservative ones such as the scheduled MCS from Table 5.1.3.1-1 in TS38.214 is smaller than 10, or the scheduled MCS from Table 5.1.3.1-2 in TS38.214 is smaller than 5, or the number of scheduled RBs is smaller than 3. In this way, no PT-RS is needed and therefore no need to indicate its port number. 
·   Another possible way is that PT-RS port number can be implicitly indicated by the latest DCI with TCI in CORESET which is not used for BFR, since the transmitter and receiver are not changed during the beam failure recovery process, PT-RS port number should not be changed during the whole beam failure recovery process since PT-RS port number is related to hardware and not related to beams which are software or algorithm configured.
Proposal 3:  For cross-carrier scheduling when TCI is not present, it is proposed to restrict TCI-PresentinDCI is always set as ‘Enabled’ when cross-carrier scheduling is applied in Release15. FFS how to remove this restriction in Release 16. For PDSCH scheduled by DCI in CORESET-BFR, where TCI is also not present in the DCI and there is no TCI-StatesPDCCH in the CORESET-BFR, specify solution to indicate the PT-RS ports number for PDSCH if necessary.
3. Conclusions

In this contribution, considerations on the remaining issues related to PT-RS were presented. The following proposals are proposed:
Proposal 1:  Confirm the working assumption for PT-RS in the last meeting.  
Proposal 2: PT-RS density in case of UCI on PUSCH without UL-SCH should follow the rule with PT-RS density in case of UCI on PUSCH with UL-SCH. 
Proposal 3:  For cross-carrier scheduling when TCI is not present, it is proposed to restrict TCI-PresentinDCI is always set as ‘Enabled’ when cross-carrier scheduling is applied in Release15. FFS how to remove this restriction in Release 16. For PDSCH scheduled by DCI in CORESET-BFR, where TCI is also not present in the DCI and there is no TCI-StatesPDCCH in the CORESET-BFR, specify solution to indicate the PT-RS ports number for PDSCH if necessary.
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