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1. Introduction
At the RAN1 #86bis meeting, we have reached the following agreements [1]:
	Agreements:
· At least the following RSs are supported for NR downlink
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· At least the following RSs are supported for NR uplink
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
Agreements
· For CP-OFDM waveform, for the RS enabling phase tracking, the following should be studied:
· Time domain pattern
· Alt-1: Continuous mapping, i.e., on every OFDM symbol
· Alt-2: Non-continuous mapping, e.g., every other OFDM symbol
· Switching between Alt-1 and Alt-2 can also be considered
· Frequency domain pattern 
· Alt-A: Shared and across full carrier bandwidth with fixed density/spacing 
· Alt-B: Within each UE’s scheduled bandwidth and with configurable density/spacing
· Other patterns are not precluded
· Other properties
· UE-specific and/or non-UE-specific 
· Port multiplexing such as FDM/TDM/CDM 
· Potential sharing across users/streams
· On-off configuration



In this contribution, we provide our views on these open issues and receiver algorithm for phase tracking RS. 

2. Views on open issues toward RS for phase tracking
Whether DMRS extension can be applied or not
First of all, we clarify our understanding on the difference between DMRS extension and tracking RS (TRS) in the agreement. DMRS extension is to increase the number of DMRS REs mapped on the same antenna port that can be used for demodulation of data. All the additional DMRS REs mapped over time and/or frequency resources can be used for phase tracking. For demodulating data, averaging/filtering of the channel estimates is applicable. On the other hand, TRS is mapped on different antenna port(s) from that/those of original DMRS. The TRS can be used to estimate phase shift/offset/error, but cannot be used for data demodulation sorely. Therefore, the UE obtains the phase shift/offset/error by using the TRS REs, and the estimated phase shift/offset/error of the received data is compensated, where the actual channel estimates are obtained by using the DMRS. As such, DMRS extension should always be UE-specific, while TRS can be either UE-specific or non-UE-specific.
In order to compensate the common phase error (CPE) of phase noise, RS needs to be inserted densely in time domain. Such RS pattern can be realized by either DMRS extension or TRS, but demodulation performance may be different  since demodulation algorithm cannot be the same due to the different antenna port configuration. As discussed above, DMRS extension can be used for demodulation directly, whereas TRS can be used for phase compensation (for details see section 3). Further analysis should be done based on link-level simulation. 
Observation 1
· Performance with DMRS extension and TRS should be compared by link-level evaluation. 

Below, we discuss potential RS designs for phase tracking taking into account the possibility of DMRS extension and TRS.

Insertion density in time domain
Insertion density of the extended DMRS or TRS in time domain should be dense enough, depending on the correlation of CPE over time [2]. Therefore, the following alternative can be considered. 
· Alt. 1: Fixed insertion density regardless of the numerology of the channel
· Alt. 2: Fixed insertion density depending on the numerology of the channel
Compared with alt. 1, alt. 2 is effective for reducing the RS overhead with keeping the phase rotation estimation accuracy. Note that further flexibility of insertion density (e.g., configurable insertion density according to higher-layer signalling) would not be necessary. At least, the insertion density should be fixed per numerology of the channel that requires DMRS extension or TRS to receive.
Proposal 1
· Insertion density in time domain is fixed depending on its numerology of the channel that requires DMRS extension or TRS to receive. 

Insertion density in frequency domain for UE-specific or non-UE-specific configuration
Since CPE has equal phase rotation across all the subcarriers, dense RS insertion in frequency domain contributes the improvement of CPE estimation accuracy by averaging. In principle, the necessary CPE estimation accuracy is different according to the several factors such as modulation order of the transmission channel. As the modulation order becomes higher, the necessary CPE estimation accuracy becomes higher. Therefore, insertion density of DMRS extension or TRS in frequency domain should be configurable. Data scheduling is not always large number of PRBs. If the number of assigned PRBs of the UE is small, and if the DMRS extension or TRS is also UE-specific, the number of the RS REs within the assigned PRBs may not be large enough, and the degradation of the CPE estimation accuracy may be caused. There are two possible solutions for this; one is to allow DMRS extension or TRS that is mapped over PRBs that are not assigned to data, and the other is to increase the frequency domain insertion density of DMRS extension or TRS within the assigned PRBs, depending on how many PRBs are assigned to the UE. Similarly, insertion density for UE-specific configuration should be changeable according to the MCS, the number of layers, and carrier frequency. On the other hand, if the RS is TRS and is non-UE-specific, all the TRS available over a certain bandwidth (e.g., carrier bandwidth) can be utilized to CPE estimation irrespective of assigned PRBs. 
For UE-specific or non-UE-specific, our current preference is UE-specific approach. The DMRS extension or TRS should be confined within the set of scheduled PRBs for the UE as much as possible, so that other frequency resources can be used for other purposes with other configurations. Furthermore, as we discussed above, necessity of DMRS extension or TRS for phase tracking could depends on MCS level, number of MIMO layers, etc. If TRS is non-UE-specific, e.g., cell-specific, the TRS needs to be transmitted always. Such non-flexible RS transmission should be avoided for NR.
Proposal 2
· DMRS extension or TRS should be UE-specifically transmitted for a given UE.
· Insertion density in frequency domain should be flexible and should be configurable.
· FFS: how to ensure the sufficient number of RSs for phase tracking when the scheduled number of PRBs is small.

On / off configuration
As discussed above, our preference is that the insertion density in frequency domain should be flexible and configurable. As part of configuration, no insertion of DMRS extension or TRS should be configurable. Depending on carrier frequency and/or gNB/UE implementation, necessity of the DMRS extension or TRS may be different. Note that for lower MCS with smaller number of MIMO layers, the DMRS extension or TRS would not be necessary even when it is on. Therefore, the insertion of DMRS extension or TRS can be further determined dynamically, e.g., per scheduling by a DCI. Further investigation is necessary for which case the DMRS extension or TRS is necessary.
Proposal 3
· DMRS extension or TRS should be able to be on / off by the network.
· FFS: Even when the DMRS extension or TRS is on, DMRS extension or TRS is not inserted dynamically.
· FFS: Dynamic of / off based on L1 signalling (e.g., DCI).

3. Discussions on receiver algorithm comparison
In this section, we discuss the channel estimation algorithm comparison in case of TRS and DMRS extension under the same mapping pattern. Figures 1 (A) and (B) show the channel estimation algorithm with TRS and DMRS extension, respectively.
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(A) Phase compensation for TRS           (B) Phase and amplitude compensation for DMRS extension
Figure 1. Channel estimation algorithm

· A: Phase compensation for TRS
(1) The channel coefficient of DMRS REs located at the 1st OFDM symbol,  (which denotes channel coefficient of l-th subcarrier index and 1st OFDM symbol), is estimated by DMRS. 
(2) Phase rotation of a subcarrier between each two consecutive symbols estimated by the TRS, (m indicates the OFDM symbol index). Then, the channel estimates at the DMRS OFDM symbol is inversely rotated to obtain the channel estimates at the next OFDM symbol. As such, the phase rotation of channel estimates is compensated per OFDM symbol. 
· B: Phase and amplitude compensation for DMRS extension
(1) The channel coefficient of DMRS REs,  (l is subcarrier index, m is OFDM symbol index), of all the subcarriers until the latest OFDM symbol, is estimated by DMRS. 
(2) The channel estimates for data subcarriers of the latest OFDM symbol are obtained by applying MMSE filtering for the channel estimates until the latest OFDM symbol. For processing the next OFDM symbol, the same way of MMSE filtering is applied taking into account the number of DMRS REs in time increases.
For (A), since this method can compensate the only phase rotation due to the different antenna port between DMRS and TRS, symbol-by-symbol processing can be realized. However, the channel estimation may not be accurate enough in case of high time-selectivity fading channel. For (B), still symbol-by-symbol processing is available, but the computation complexity is much higher than (A) since the channel estimates at the current data symbol is obtained by filtering all the previous symbols. Note that for DMRS extension, either (A) or (B) can be applied, while for TRS, (A) is only applicable.
Observation 2
· Channel estimation algorithm should be considered when comparing the TRS and DMRS extension. 

4. Summary
In this contribution, we have presented our views on RS for phase tracking, and then made the following observations and proposals. 
Observation 1
· Performance with DMRS extension and TRS should be compared by link-level evaluation. 
Observation 2
· Channel estimation algorithm should be considered when comparing the TRS and DMRS extension. 
Proposal 1
· Insertion density in time domain is fixed depending on its numerology of the channel that requires DMRS extension or TRS to receive. 
Proposal 2
· DMRS extension or TRS should be UE-specifically transmitted for a given UE.
· Insertion density in frequency domain should be flexible and should be configurable.
· FFS: how to ensure the sufficient number of RSs for phase tracking when the scheduled number of PRBs is small.
Proposal 3
· DMRS extension or TRS should be able to be on / off by the network.
· FFS: Even when the DMRS extension or TRS is on, DMRS extension or TRS is not inserted dynamically.
· FFS: Dynamic of / off based on L1 signalling (e.g., DCI).
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