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1. Introduction

In NR Ad-Hoc#2 meeting, the following agreements on CSI-RS have been achieved: 
Agreements [1]:
· At least for CSI acquisition, for N=4 OFDM symbols, 
· Support two pairs of adjacent OFDM symbols for one CSI-RS resource where the two pairs can be adjacent or non-adjacent
· For each pair, support a uniform RE mapping pattern in the time domain wherein the same sub-carriers are occupied in the two adjacent OFDM symbols
· Note: CDM pattern will be discussed separately
Agreements [2]:
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	1
	>1, 1 
	1
	N.A.
	No CDM
	

	2
	1
	1
	(2,1)
	FD-CDM2
	

	4
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	16
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	FFS, CDM8 details


· Note: The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table
In this contribution, based on the agreements, CSI-RS transmission in high-frequency systems is discussed.
2. CSI-RS transmission in high-frequency systems
The agreements achieved for CSI-RS in the introduction are for both low-frequency systems (i.e., sub 6GHz) and high-frequency systems (i.e., above 6GHz). However, there are restriction and limitation when CSI-RS is transmitted in high-frequency systems.

For the restriction when CSI-RS is transmitted in high-frequency systems, consider that phase noise which exists in high-frequency systems causes random phase variations in the time domain, therefore it is preferred that for high-frequency systems, one way to solve the phase noise issue might be to restrict CSI-RS to be only transmitted in one OFDM symbol per CSI-RS transmission, i.e., the multiple CSI-RS ports are only FDM and/or FD-CDM in the frequency domain within one OFDM symbol. By doing so, the random phase variations among adjacent symbols in the time domain can be avoided, which guarantees the CQI, PMI precision.
· Proposal 1: Consider to restrict the transmitted CSI-RS ports in only one OFDM symbol per CSI-RS transmission in high-frequency systems.
For the limitation when CSI-RS is transmitted in high-frequency systems, it means that in cases that CSI-RS has to be scheduled in more than one OFDM symbol, say adjacent 2 or 4 symbols as has been agreed, and considering that different CSI-RS ports are transmitted in different symbols, and different CSI-RS ports generally adopt different precoding, therefore CSI-RS itself cannot be used to estimate the phase difference in adjacent symbols. 
In order to calculate and compensate the phase difference caused by phase noise among adjacent symbols, the limitation is as follows:
· CSI-RS has to be scheduled with PDSCH in every symbol where CSI-RS is transmitted and the PTRS for PDSCH demodulation can be used to estimate the phase difference in adjacent symbols.
                   
[image: image1.emf]f

t

RB x-1

RB x

PDCCH

Front-load 

DMRS

CSI-RS

PDSCH-

PTRS

PDSCH

RB x+1

PT-RS for PDSCH

1 2 3 4 5 6

7 8 910

11121314

1

2

3

4

5

6

7

8


    Fig.1. Use PT-RS for PDSCH demodulation to estimate the phase difference between adjacent symbols
            As shown in Fig.1, the PTRS for PDSCH can be used to estimate the phase difference in adjacent symbols 9 and 10, where 8 ports CSI-RS are transmitted. Since the CPE is nearly the same within one symbol, the PTRS for PDSCH, denoted as PDSCH-PTRS, can be used to estimate the phase difference between symbols 9 and 10, and then the estimated result can be used to compensate the phase difference of CSI-RS in symbols 9 and 10. To be more specific, by assuming a common local oscillator is adopted, the procedure for the phase difference compensation is summarized as follows:

1) Assuming that the estimation results of PDSCH-PTRS in symbols 9 and 10 are 
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represent channel and phase rotation caused by phase noise, respectively. It is noted that the channel 
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 is assumed be the same or at least slow-varying in the time domain for PDSCH-PTRS to only track the phase variation in a slot. The phase difference of PDSCH-PTRS in symbols 9 and 10 can therefore be estimated as
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2) For CSI-RS in symbols 9 and 10, the estimation results of CSI-RS is assumed to be 
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, e.g., for CSI-RS port 4 and 8, respectively. It is noted that since PDSCH-PTRS and CSI-RS generally adopt different precoding, and furthermore different CSI-RS ports generally adopt different precoding among themselves, therefore the channel that PDSCH-PTRS transmitted through is different from that of CSI-RS, and also the channel is different among CSI-RS ports. However, consider the fact that phase noise is generated at the transceiver and it is CPE (which is a phase rotation that is common to all subcarriers in a symbol) that we want to estimate, therefore the phase rotation in symbols 9 and 10 is also 
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, respectively, irrespective of whether it is for PDSCH-PTRS or CSI-RS.
3) For PMI calculation, the phase difference between CSI-RS ports in adjacent symbols must be compensated for. Using the estimated 
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obtained in 1), and by simple operation as
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, the phase difference between CSI-RS ports in adjacent symbols can be compensated for. 
            However, there are cases that the above situation is not satisfied, i.e.: 
1) If the MCS of PDSCH is below certain level, it has been agreed that no PTRS is transmitted as shown in Table 1;
 2)  It has been agreed in WG1 Meeting #88 that OFDM symbol(s) can be configured to contain CSI-RS only. In this case, no PTRS can be used to estimate the phase difference, either. 
Table 1: Association between scheduled MCS and PTRS time density [3]

	Scheduled MCS 
	
	Time density

	0 <= MCS < MCS1 
	
	No PTRS 

	MCS1 <= MCS < MCS2 
	
	TD1 

	MCS2 <= MCS < MCS3 
	
	TD2 

	MCS3 <= MCS < MCS4 
	
	TD3 


· Observation 1: In high-frequency systems, when CSI-RS is transmitted in more than one OFDM symbol, CSI-RS has to be scheduled with PDSCH in every symbol where CSI-RS is transmitted. Furthermore, the MCS of PDSCH has to be above certain level for the existence of PDSCH-PTRS to estimate and compensate the phase difference in adjacent CSI-RS symbols. 
Obviously, this limitation severely affects the flexibility of CSI-RS transmission. In order to be free of the limitation existed in Observation 1, it is necessary to introduce a phase-tracking signal specifically designed for CSI-RS, denoted as CSI-PTRS, when multiple CSI-RS ports are transmitted in more than one OFDM symbols, e.g., adjacent 2 or 4 symbols.
· Observation 2: When CSI-RS is transmitted in more than one OFDM symbol per CSI-RS transmission in high-frequency systems, it is necessary to introduce a phase-tracking signal specifically designed for CSI-RS to improve CQI, PMI precision.
The newly introduced CSI-PTRS should have the following features:

· It should exist in every OFDM symbol where CSI-RS is transmitted.
· It should adopt the same precoding as CSI-RS, or it can use its own specific precoding.
· It should be signaled to UE together with CSI-RS configurations in RRC or DCI.
One example of the newly introduced CSI-PTRS is shown in Fig. 2, where in this case PDSCH-PTRS is not transmitted due to e.g., low MCS level, and CSI-PTRS is adjacent to one CSI-RS resource in the frequency domain. 
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Fig.2. Use newly introduced CSI-PTRS to estimate the phase difference when CSI-RS is transmitted in adjacent 2 OFDM symbols
It is noted that CSI-PTRS has some similarities to PDSCH-PTRS but with some important differences: 

· CSI-PTRS is used to improve the CQI, PMI precision while PDSCH-PTRS is used for PDSCH demodulation. 
· CSI-PTRS should exist when CSI-RS is transmitted in more than one OFDM symbol regardless of MCS level.
· CSI-PTRS should be continuous in the time domain, i.e, time density=1, when CSI-RS is transmitted in more than one OFDM symbol regardless of MCS level.
The specification works related to CSI-PTRS includes at least the frequency pattern, scrambling sequence, and signaling method.
· Proposal 2: The proposed CSI-PTRS should be supported in NR high-frequency systems.
3. Conclusions
In this contribution, CMCC’s consideration of CSI-RS transmission in high-frequency systems is presented. Based on the analysis, the following observations are obtained:

· Observation 1: In high-frequency systems, when CSI-RS is transmitted in more than one OFDM symbol, CSI-RS has to be scheduled with PDSCH in every symbol where CSI-RS is transmitted. Furthermore, the MCS of PDSCH has to be above certain level for the existence of PDSCH-PTRS to estimate and compensate the phase difference in adjacent CSI-RS symbols. 
· Observation 2: When CSI-RS is transmitted in more than one OFDM symbol per CSI-RS transmission in high-frequency systems, it is necessary to introduce a phase-tracking signal specifically designed for CSI-RS to improve CQI, PMI precision.
Based on the observations, the following proposals are achieved:
· Proposal 1: Consider to restrict the transmitted CSI-RS ports in only one OFDM symbol per CSI-RS transmission in high-frequency systems.
· Proposal 2: The proposed CSI-PTRS should be supported in NR high-frequency systems.
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