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1. Introduction
At the RAN1 #88bis meeting, we have reached the following agreements [1]:
	Agreements:
· For CP-OFDM, the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL 
· Distributed PTRS (non-consecutive subcarriers) in the frequency domain is used as default configuration
· FFS: Support optional frequency-localized pattern with UE-specific explicit signaling.  (e.g. higher MCS case) 
· For single-user case, support orthogonal multiplexing among PTRS ports, if multiple PTRS antenna ports are supported.
· FFS: how to multiplex multiple PTRS ports, e.g. FDM, TDM, CDM
· FFS: Whether to support multiple PTRS ports or not (FFS: Max number of PTRS APs).
· Support orthogonal multiplexing between PTRS and data transmitted or received by a single UE.
· For MU-MIMO, non-orthogonal multiplexing of e.g. PTRS/PTRS and PTRS/data is possible but also orthogonal multiplexing to be considered
· FFS: Support multiplexing through multiple scrambling sequences for PTRS port(s) 
· Support association between PTRS port and DMRS port group
Working assumption:
· Uplink PTRS for DFT-s-OFDM waveform is supported.
· Presence of PTRS for DFT-s-OFDM is UE-specifically configurable
· FFS: Pattern/density of PTRS for DFT-s-OFDM is UE-specifically configurable or not


In this contribution, we provide our views on open issue for PT-RS. 
2. Views on open issue for PT-RS
2.1. The number of PT-RS ports and port mapping rule
At the RAN1 #88bis meeting, the following agreement was made [1].
Agreements:
· For single-user case, support orthogonal multiplexing among PTRS ports, if multiple PTRS antenna ports are supported.
· FFS: Whether to support multiple PTRS ports or not (FFS: Max number of PTRS APs).

Regarding the number of PT-RS ports, when TRP has a single oscillator, the oscillator is shared among multiple DM-RS ports. In this case, since phase noise among all DM-RS ports is the same, phase noise can be compensated by a single PT-RS port irrespective of the number of DM-RS ports. Thus, phase noise of each transmission layer can be compensated by the phase noise estimation value from a single PT-RS port. When TRP has multiple oscillators, or multiple TRP transmission is applied (each TRP has a different oscillator), multiple oscillators exist and each oscillator is shared among multiple DM-RS ports (DM-RS port group). In this case, since phase noise within the DM-RS port group is the same, we can assign the single PT-RS port per DM-RS port group. Thus, phase noise within the DM-RS port group can be compensated by using the single PT-RS port. Thus, the number of PT-RS ports is determined according to the total number of TRP oscillators that can be co-located or non-colocated, i.e., multi-TRP transmission, irrespective of the number of DM-RS ports. If PT-RS is used for channel estimation, the same number of PT-RS ports as DM-RS ports is necessary. However, PT-RS insertion density in frequency domain is relatively sparse (e.g., 1 PT-RS subcarrier by every 2, 4, 8, and 16 PRBs), it is not reasonable to use the PT-RS for channel estimation. On the other hand, if the influence of phase noise from TRP oscillator is relatively small compared with that from UE oscillator, the single PT-RS port can be assigned irrespective of the number of TRP oscillators or the number of TPRs, which is beneficial for overhead reduction. Therefore, the number of PT-RS ports should be configurable, but the maximum number of ports is limited by the number of TRP oscillators or the number of TRPs for SU-MIMO transmission. For MU-MIMO, since signal of each UE is separated by beam forming especially for higher carrier frequency, precoded PT-RS for each UE is necessary in order to achieve the beam forming gain effectively. Thus, at least one PT-RS port should be assigned to each UE. 
Regarding the port mapping rule, in order to de-multiplex the PT-RS, the information on ports and mapping rule is necessary at the receiver side. The fixed port mapping rule is beneficial to reduce the signaling overhead. Thus, we have a slight preference that PT-RS port is mapped in order of small number of allocated DM-RS ports or allocated DM-RS port groups. 
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· The maximum number of PT-RS ports is up to the number of oscillators at TRP or the number of TRPs for SU-MIMO transmission. 
· For DL MU-MIMO, at least one PT-RS port should be assigned to each UE.
· PT-RS port should be mapped in order of small number of allocated DM-RS port group. 

2.2. Port multiplexing scheme
In the previous meeting, the following agreement was made [1].
Agreements:
· For single-user case, support orthogonal multiplexing among PTRS ports, if multiple PTRS antenna ports are supported.
· FFS: how to multiplex multiple PTRS ports, e.g. FDM, TDM, CDM
· FFS: Whether to support multiple PTRS ports or not (FFS: Max number of PTRS APs).
· For MU-MIMO, non-orthogonal multiplexing of e.g. PTRS/PTRS and PTRS/data is possible but also orthogonal multiplexing to be considered

For port multiplexing scheme in SU-MIMO, there are three candidate schemes, TDM, CDM (time or frequency domain), and FDM. TDM or CDM in time domain is not possible when PT-RS is to be inserted every symbol. As for CDM in frequency domain, performance degradation may be occurred when frequency selectivity of propagation channel becomes large. Therefore, it is preferable to apply FDM among PT-RS ports for SU-MIMO case.  
For MU-MIMO case, two candidate approaches can be considered, i.e., orthogonal and non-orthogonal multiplexing. In case of orthogonal multiplexing, UE needs to know the presence and/or mapping pattern of the paired UE. Thus, additional signaling related to PT-RS of the paired UE or blind detection is necessary. On the other hand, when applying non-orthogonal multiplexing, UE doesn’t need to know the PT-RS related information about the paired UE. Thus, we have a preference for non-orthogonal multiplexing among UEs as long as a clear benefit and/or need is not seen for orthogonal multiplexing among UEs. In summary, we propose the following. 
Proposal 2:
· For SU-MIMO, PT-RS supports FDM for PT-RS port multiplexing.
· For DL MU-MIMO, PT-RS supports non-orthogonal multiplexing among UEs. 

2.3. PT-RS for Uplink DFT-S-OFDM
In the previous meeting, the following working assumption was made [1].
Working assumption:
· Uplink PTRS for DFT-s-OFDM waveform is supported.
· Presence of PTRS for DFT-s-OFDM is UE-specifically configurable
· FFS: Pattern/density of PTRS for DFT-s-OFDM is UE-specifically configurable or not

Originally, since DFT-S-OFDM has been introduced, for coverage purpose, using lower modulation order such as QPSK, the impact of phase noise is limited. However, when higher modulation order such as 64QAM is used, and the influence of phase noise becomes larger. Thus, support of PT-RS for DFT-S-OFDM is deemed to be necessary. Thus, we propose to confirm the working assumption. 
If PT-RS is supported for DFT-S-OFDM, there are three PT-RS insertion schemes as follows. 
Alt. 1: Post-DFT insertion with data puncturing.
Alt. 2: Post-DFT insertion with rate matching. 
Alt. 3: Pre-DFT insertion.
With regard to post-DFT insertion (alt. 1 and 2), there is an advantage that symmetric PT-RS design for CP-OFDM and DFT-S-OFDM can be kept and it helps to reduce the implementation complexity. However, there are disadvantages, i.e., increase in PAPR and CM is occurred by losing the single carrier property in alt. 1 and alt. 2, and performance degradation is occurred by data puncturing in alt. 1. On the other hand, for Pre-DFT insertion (alt. 3), there is no performance degradation and PAPR and CM increase. We make the following proposal. 
Proposal 3:
· Confirm the working assumption. 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM. 
3. Summary
In this contribution, we presented our views on open issue for PT-RS, and then made the following proposals. 
Proposal 1:
· The maximum number of PT-RS ports is up to the number of oscillators at TRP or the number of TRPs for SU-MIMO transmission. 
· For DL MU-MIMO, at least one PT-RS port should be assigned to each UE.
· PT-RS port should be mapped in order of small number of allocated DM-RS port group. 
Proposal 2:
· For SU-MIMO, PT-RS supports FDM for PT-RS port multiplexing.
· For DL MU-MIMO, PT-RS supports non-orthogonal multiplexing among UEs. 
Proposal 3:
· Confirm the working assumption. 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM. 
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