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Introduction
During RAN1 #88, RAN1 captured the following agreements regarding phase tracking RS 
Agreements:
· Presence/pattern 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
This contribution considers DL PT-RS design. 
 
Design aspect of the PT-RS 
2.1 Discussion on time-domain pattern 
In this section, the performance in terms of BLER for different PT-RS density in the time domain is presented and analysed. BLER performance is illustrated in Figure 1 and 2 for the cases where the number of allocated PRBs is 100, 32, 16 and 8, respectively. Results of a variety of PT-RS time and frequency density combinations are shown to achieve a comprehensive comparison.
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Figure 1 BLER performances for 100 scheduled PRBs
Figure 1 shows that reduction of PT-RS density in time domain will degrade the BLER performance regardless of frequency domain density. The performance degradation is particularly significant when time density is reduced from 1 to 2, i.e., from PT-RS for each OFDM symbol to PT-RS for every other OFDM symbol. 
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Figure 2 BLER performances for the number of scheduled PRBs
Figure 2 shows the BLER for different number of allocated PRBs assuming the same PT-RS density in the frequency domain (1 PT-RS per 4 PRBs). As can be seen from the results, for wider bandwidth case, the BLER performance is more sensitive to time density and therefore higher time density should be applied in such a case. On the contrary, with reduced bandwidth, the BLER performance is less impacted by the reduction of time density.  
Observation 1:When a larger number of PRBs is allocated, BLER can be significantly degraded with reduced PT-RS time domain density. 
Proposal 1: Time domain density can be configured according to the number of scheduled PRBs
2.2 Discussion on frequency-domain pattern
In this section, we present the PT-RS density in the frequency domain based on the simulation results. According to the allocated PRBs, we investigate the BLER performance with various PT-RS density in the frequency domain. Figure 3 shows the BLER performances of which the allocated PRBs are 100PRB, 32PRB, 16PRB and 8PRB, respectively. In order to focus on the performance according to frequency-domain density, it is assumed that PT-RS is allocated in every OFDM symbol in time domain. 
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Figure 3 BLER performances for the number of scheduled PRBs
In cases of 100 PRB, 32PRB and 16 PRB, the BLER performance of the 1 PT-RS in each 4RB shows the better performance compared to the 1 PT-RS in each 1RB. These results represent that the excessive PT-RS density just decrease the effective code rate for data transmission. In other words, designing of PT-RS pattern in the frequency domain, the trade-off the phase estimation performance and the PT-RS overhead should be carefully taken into account. In the 8 PRB case, the BLER performance of the 1 PT-RS in each 1RB has the best performance. We can infer that the phase noise compensation is more important when the small PRB is allocated. Considering the trade-off between the PT-RS overhead and performance, the proper number of subcarriers can be different to accurately estimate CPE according to allocated number of RBs from the results in Figure 3. From the efficient resource management perspective, therefore, it may be beneficial to configure PT-RS pattern in frequency domain, which depends on modulation scheme, scheduled bandwidth, subcarrier spacing, carrier frequency and so on.
Observation 2: Based on the allocated number of RBs, the PT-RS may have different optimal frequency-domain density.
Proposal 2: Frequency domain density can be configured according to the number of scheduled PRBs.

2.3 DL PT-RS mapping 
In downlink, the link between gNB and UE can be assumed that there is only single transmitter from the UE perspective. In case all antennas share the same oscillator, the phase noise over all of antennas are common. Since the CPE term can be represented as common phase to all of antennas, it is enough to transmit the PT-RS on a single antenna port to reduce RS overhead. 
Proposal 3: Single PT-RS port should be mapped to UE.
In Section 2.2, we have discussed how many subcarriers are needed for PT-RS per scheduled RBs. Based on the proposal, how to allocate subcarriers in scheduled RBs should be discussed. UE specific PT-RS can be mapped into scheduled PRBs as follows: 
· Option. 1: Localized mapping in the scheduled RBs
· Option. 2: Distributed mapping in the scheduled RBs



Figure 4 Example on PT-RS mapping
Figure 4 shows the two cases of PT-RS allocation in scheduled PRBs. In Figure 4, it is assumed two subcarriers are need for a PT-RS port to estimate CPE in two RBs. In Option 1, specific region for PT-RS allocation is defined in scheduled PRB. For example, first two subcarriers are defined for PT-RS in the scheduled RBs in Figure 4. In Option 2, one subcarrier for PT-RS is allocated per N PRBs, where N is 1, 4, or 8. Since the performance of CPE estimation depends on the density of PT-RS, Option 1 and 2 have similar CPE performance. So, PT-RS mapping should be determined considering other design aspects, such as the number of PT-RS ports. 
The number of PT-RS ports can be extended as follows [2]: 
· CDMed: Different PT-RS port can be distinguished with orthogonal code 
· FDMed: Different PT-RS port can be assigned to different subcarrier



Figure 5 Example on PT-RS multiplexing
In Figure 5, it is assumed that two PT-RS ports are configured. Each PT-RS port can be utilized from single oscillator or independent two oscillators. Two PT-RS ports can be assigned CDMed or FDMed. In CDMed, each PT-RS port is covered with orthogonal code with length of 2 in frequency domain in Figure 5. If subcarrier spacing is sufficiently smaller than coherence bandwidth, two PT-RS ports can be easily divided by using orthogonal code, such as [1 1], [1 -1]. In FDMed, two PT-RS are transmitted on different subcarrier. It is obvious that RS overhead of FDMed is much bigger than CDMed because two PT-RS ports could not be guaranteed from a single oscillator. In order to reduce PT-RS overhead, the localized pattern is preferred to apply orthogonal code to extend multiple PT-RS ports. 
Proposal 4: In case of multiple PT-RS ports, localized mapping and orthogonal cover code to extend multiple PT-RS ports are preferred to reduce PT-RS overhead 


Figure 6 Example on multiplexing between PT-RS and data
Within the multi-layers of a MU-MIMO set there can be lower order MCS users who do not benefit from PT-RS and higher order MCS users who need PT-RS. Generally higher order MCS are allocated when UEs are closer to the gNB and lower MCS allocated when they are towards the cell/ sector edge. At this moment, gNB can transmit data or allocate empty signal on subcarrier where PT-RS is transmitted to UE who need PT-RS. Thus, PT-RS space can be used as follows: 
· Option. 1: Leave the PT-RS space blank
· Option. 2: Fill the PT-RS space with data
In Option 1, UE who need PT-RS can estimate CPE correctly thanks to empty space to UE who need data transmission (i.e. lower order MCS UE who does not need PT-RS). However, effective code rate will be decreased due to punctured data to UE who needs data transmission. In Option 2, at cost of estimating CPE for UE who needs PT-RS, data can be transmitted to UE who needs data transmission. Considering trade-off between decreasing effective code rate and the performance of CPE estimation for MU-MIMO, allocation PTRS and data on same subcarrier should be further studied. 
Observation 3 : For multi-layers of MU-MIMO , PT-RS and data transmission should be further studied.
Conclusions
This contribution discusses DL PT-RS design. The observations and proposals are as follows:
Observation 1:When a larger number of PRBs is allocated, BLER can be significantly degraded with reduced PT-RS time domain density. 
Proposal 1: Time domain density can be confirmed according to the number of scheduled PRBs.
Observation 2: Based on the allocated number of RBs, the PT-RS may have different optimal frequency-domain density.
Proposal 2: Frequency domain density can be configured according to the number of scheduled PRBs.
Proposal 3: Single PT-RS port should be mapped to UE.
Proposal 4: In case of multiple PT-RS ports, localized mapping and orthogonal cover code to extend multiple PT-RS ports are preferred to reduce PT-RS overhead. 
Observation 3 : For multi-layers of MU-MIMO , PT-RS and data transmission should be further studied.
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