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Introduction
In RAN1#88 meeting, there are following agreements on PTRS [1]:
 Agreements:
· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.
· Whether PT-RS can be present or not depends on RRC configuration. 
· When configured, the dynamic presence is associated with DCI parameter(s) including at least MCS
· FFS: Time domain density is associated with dynamic configuration by MCS. 
· When present, frequency domain density is associated with at least dynamic configuration of the scheduled BW.
· FFS: Frequency domain density is associated with dynamic configuration by MCS. 
· FFS: Frequency-domain pattern design supports both frequency-localized and frequency-distributed allocation of PT-RS subcarriers.
· Other association factors/rules are not precluded.
· Usage of PT-RS, e.g. CFO/Doppler correction, is not precluded, pattern/signaling for this use case can be different
In this contribution, we further discuss PTRS design issues including the aspects of PTRS pattern, signaling to configure PTRS parameters and resource mapping.
Discussion
PTRS pattern 
In RAN1 NR ad-hoc meeting in January, it was agreed that UE can assume the same precoding for a DM-RS port and a PT-RS port. Based on this agreement, sharing REs are supported between PTRS and DMRS in the OFDM symbol configured with DMRS. Therefore, PTRS pattern is closely related to DMRS pattern design.  
[bookmark: _GoBack]For one symbol DMRS pattern, pure FDM scheme is proposed to multiplex multiple PTRS ports as shown in Figure 1. Even DMRS port 1 and port 2 are multiplexed by CDM in frequency domain, PTRS port 1 and port 2 are multiplexed by FDM. The same situation happens to multiplexing schemes for port 3 and 4, that is CDM between DMRS port 3 and 4, while FDM between PTRS port 3 and 4. In this case, the same precoding is used between corresponding DMRS port and PTRS port. Based on multiplexing method with FDM, PTRS overhead can be reduced as much as possible. For instance, one UE is configured with 4 DMRS ports but only one PTRS port, i.e. phase noise estimation for 4 DMRS ports can share the result from this one PTRS port. Then, the resources of PTRS port 2, 3, 4 can be used for data transmission. If PTRS port 1 and 2 are also multiplexed by CDM as same as DMRS port 1 and 2, the resource of PTRS port 2 cannot be used for data transmission even only PTRS port 1 is configured.
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Figure 1 PTRS pattern  with 1 symbol DMRS pattern
For 2 symbol DMRS pattern, FDM scheme to multiplex multiple PTRS ports is shown in Figure 2, where the same precoding is used between PTRS port i and DMRS port i. In the scenario with serious phase noise, PTRS in every OFDM symbol may be configured and then TDM among PTRS ports should be avoided. Consequently, PTRS ports 5,6,7,8 correspond to DMRS ports 5, 6, 7, 8 which are mapped on the fourth OFDM symbol, and PTRS ports 1,2,3,4 correspond to DMRS ports 1, 2, 3, 4 which are mapped on the third OFDM symbol. 
[image: ]
Figure 2 PTRS pattern  with 2 symbol DMRS pattern
Totally, all PTRS ports can be FDM no matter which multiplexing scheme of DMRS ports is applied.
Proposal 1: all PTRS ports are FDM no matter which multiplexing scheme of DMRS ports is applied.
Signaling to configure PTRS parameters
2.2.1 For SU-MIMO scheduling
Based on description in section 1, frequency domain density of PTRS can be associated with scheduled bandwidth and time domain density may be associated with dynamic MCS if the presence of PTRS is configured by RRC signal. This implicit signaling method can reduce DCI overhead and further increase system transmission efficiency. Also, based on DMRS related signaling, the corresponding PTRS port(s) can be implicitly informed to UE. For instance: gNB configures UE with DMRS port 1,2,3 and all DMRS ports share one PTRS port as shown in Figure 2. If the first PTRS port is predefined for the case of multiple DMRS ports shared one PTRS port, PTRS port 1 is implicitly informed to UE. Consequently, PTRS is only transmitted on PTRS port 1, and the specific density in time domain and frequency domain can be based on MCS and scheduled bandwidth. 
Since it is single user scheduling and there is no intro-cell interference of PTRS, zero power PTRS is unnecessary.  
Proposal 2: For SU scheduling, zero power PTRS is not needed. The density of PTRS in time domain and frequency domain are associated with MCS and scheduling bandwidth.
As whether scheduling is SU or MU depends on the number of configured DMRS ports, there is also no need for additional signaling. 
2.2.2 For MU-scheduling
When DMRS ports are not more than a threshold, e.g. 2 in LTE, the UE may participate MU-scheduling and zero power PTRS should be considered in order to avoid serious intra-cell interference. As shown in Figure 3a, a PTRS resource set can be semi-statically configured where different density can be considered for different PTRS ports. 
In this PTRS resource set, PTRS port 1-4 is configured with full density in time domain, PTRS ports 5, 6 are configured with half density in time domain, and PTRS ports 7, 8 are not configured. If UE#1 is configured with one sharing PTRS port and configured with DMRS port 1 and 2, NZP PTRS of port 1 is implicitly informed to UE#1, the resources of other PTRS ports within the PTRS resource set are assumed to be ZP PTRS.
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Figure 3a PTRS pattern with zero power for UE#1
For another UE#2 with DMRS port 3 which is configured with same PTRS resource set as UE#1, PTRS pattern is shown in Figure 3b. 
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Figure 3b PTRS pattern with zero power for UE#2
Proposal 3: For MU-scheduling, zero power PTRS should be introduced. Sharing PTRS resource set can be configured for MU-users.
Resource mapping
For phase noise compensation, PTRS density in frequency domain is usually low. In other words, one of several PRBs for RS transmission may be enough. In order to avoid collision between data transmission and DMRS for phase tracking, one predefined PRB of one sub-band can be used for PTRS transmission. 
As shown in Figure 4, assuming one sub-band has 4 PRBs, and then the predefined PRB for the possible PTRS resource is the first PRB within the sub-band which is marked as green. After getting recourse allocation information from gNB, UE can infer PRB number of PTRS based on sub-band number.  
In other words, the possible PTRS position in frequency domain should depend on scheduled PRBs, and it is predefined cell-specifically. Based on this scheme, PTRS of co-scheduling users can be transmitted on same PRBs. It simplifies interference management of PTRS.
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Figure 4 Predefined resources for PTRS 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 4: Predefined PRB resource in a sub-band should be supported for PTRS.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of PTRS pattern and related signalling, and then we provided our views as following
Proposal 1: all PTRS ports are FDM no matter which multiplexing scheme of DMRS ports is applied.
Proposal 2: For SU scheduling, zero power PTRS is not needed. The density of PTRS in time domain and frequency domain are associated with MCS and scheduled bandwidth.
Proposal 3: For MU-scheduling, zero power PTRS should be introduced. Sharing PTRS resource set can be configured for MU-users.
Proposal 4: Predefined PRB resource in a sub-band should be supported for PTRS.
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