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1. Introduction
In this contribution, remaining details on PTRS are discussed.
2. PTRS for UCI on PUSCH without UL-SCH
In RAN1 #92, time domain PTRS density for UCI on PUSCH without UL-SCH was discussed. We would like to make sure that the PTRS for UCI on PUSCH with or without UL-SCH is applied only if UE is configured PTRS because of the following reasons:
· According to the agreement of UE feature list [1], the basic UL PTRS is mandatory feature with UE capability signalling for FR2 and FFS for FR1. Thus, some UEs may not support the basic UL PTRS. 
· On the other hand, HARQ-ACK piggyback on PUSCH is categorized as “basic UL control channel,” of which the capability is mandatory feature without capability signalling. 
· If PTRS is always applied for UCI on PUSCH with or without UL-SCH, UEs who does not support PTRS cannot transmit UCI on PUSCH with or without UL-SCH. 

Proposal 1:
· Following should be clarified:
· If UE is not configured higher layer parameter PTRS-UplinkConfig, UE shall not transmit PTRS for UCI on PUSCH with or without UL-SCH. 
· If UE is configured higher layer parameter PTRS-UplinkConfig, UE shall transmit PTRS for UCI on PUSCH with or without UL-SCH.


2.1. Time domain PTRS density
Regarding to the time domain PTRS density for UCI on PUSCH without UL-SCH, following alternatives was discussed [2]. 
· Alt 1: LPTRS is fixed to the value. 
· Alt 2: LPTRS is variable. Method is FFS.
Since the MCS of UCI on PUSCH without UL-SCH can vary from the smaller to higher modulation order. It is natural to support variable PTRS time domain density depending on the MCS (modulation order and/ or coding rate) rather than a fixed density, similar to the PUSCH with UL-SCH. 

Proposal 2:
· Support variable PTRS time domain density for UCI on PUSCH without UL-SCH (Alt. 2 in RAN1 #92).


In RAN1 #92, it was agreed that modulation order and code rate are signalled by DCI for UCI-only on PUSCH without UL-SCH. 

	Agreements (RAN1 #92):
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signalled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signalled.



So, no spec. change is required to determine time domain PTRS density for UCI on PUSCH without UL-SCH, since MCS and associated PTRS density can be adjusted by gNB scheduler, if necessary.

Proposal 3:
· No spec. change is required to determine time domain PTRS density for UCI on PUSCH without UL-SCH.

3. [bookmark: _Hlk497926106]UE capability for UL PTRS
In RAN1 #92, UE capability for DL/UL PTRS was discussed and following was agreed [1].

	· 2-44) Basic DL PTRS (Support 1 port of PTRS)
· Mandatory with UE capability signalling for FR2. Optional for FR1.
· 2-47) Basic UL PTRS (Support 1 port of PTRS)
· Mandatory with UE capability signalling for FR2. FFS for FR1.



The UE capability for basic UL PTRS for FR1 was FFS. We believe UL PTRS is not required for FR1, since LTE-UE passed the performance requirement w/o PTRS. So, regarding to the UE capability of basic UL PTRS, “FFS for FR1” can be deleted. However, we would like to make sure that all UEs can pass the performance requirements on phase noise w/o PTRS for FR1 in order to avoid unnecessary fragmentation of UE implementation and complicated NW operations.

Proposal 4:
· The UE capability of 2-47) basic UL PTRS (support 1 port of PTRS) is modified as following:
· 2-47) Basic UL PTRS (Support 1 port of PTRS)
· Mandatory with UE capability signalling for FR2. Optional for FR1. FFS for FR1.
· Note: all UEs pass the performance requirements w/o PTRS for FR1

4. PTRS before RRC configuration
In the previous RAN1 meeting, whether PTRS should be applied for before RRC configuration was discussed. Before RRC configuration, low-order modulation, e.g., QPSK, is typically used. According to simulation results [3], when the low-order modulation is applied, the impact of the phase noise is smaller; from the performance perspective, PTRS is not required. Additionally, according to the agreed UE capability, the basic UL/DL PTRS is not mandatory feature without UE capability signalling. Thus, it is not possible to apply PTRS before RRC configuration. It is also possible to compensate phase noise using additional DM-RS that is applied before RRC configuration.
Proposal 5:
· Confirm  following WA made in [91-NR-13]: 
· Before RRC configuration, PTRS is not used.

5. Conclusion
In this contribution, we discussed remaining details on PTRS, and following proposals were made:
Proposal 1:
· Following should be clarified:
· If UE is not configured higher layer parameter PTRS-UplinkConfig, UE shall not transmit PTRS for UCI on PUSCH with or without UL-SCH. 
· If UE is configured higher layer parameter PTRS-UplinkConfig, UE shall transmit PTRS for UCI on PUSCH with or without UL-SCH.
Proposal 2:
· Support variable PTRS time domain density for UCI on PUSCH without UL-SCH (Alt. 2 in RAN1 #92).
Proposal 3:
· No spec. change is required to determine time domain PTRS density for UCI on PUSCH without UL-SCH.
Proposal 4:
· The UE capability of 2-47) basic UL PTRS (support 1 port of PTRS) is modified as following:
· 2-47) Basic UL PTRS (Support 1 port of PTRS)
· Mandatory with UE capability signalling for FR2. Optional for FR1. FFS for FR1.
· Note: all UEs pass the performance requirements w/o PTRS for FR1
Proposal 5:
· Confirm  following WA made in [91-NR-13]: 
· Before RRC configuration, PTRS is not used.
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