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Introduction
In RAN1 #87 meeting, an agreement on RS for phase tracking in NR has been reached as follows [1]:
Agreements:
· RS for Phase tracking is denoted as PT-RS
· FFS: Naming of RS
· PT-RS supports the following for CP-OFDM: 
· Time-domain density of mapped on every other symbol and/or every symbol and/or every 4-th symbol
· FFS: Whether/how to down-select the time-domain density
· Note: Other time-domain densities of PT-RS are not precluded
· At least for UL 
· The presence of PT-RS is UE-specifically configured
· FFS: Whether implicit and/or explicit UE-specific configuration is supported
· PT-RS is confined in the scheduled time/frequency duration for a UE
· FFS: UE-specific and/or non-UE-specific and/or cell-specific for DL
· The following are to be studied for PT-RS:
· Number of PT-RS ports to be supported
· Use of precoding 
· QCL relationship with other RS, e.g., DM-RS 
· Details on frequency domain pattern(s) and/or variable frequency domain densities
· Whether PT-RS is necessary for DFT-s-OFDM waveform
· Sharing of time/frequency resource between PT-RS among UEs and/or among layers of a single UE
· Additional usage for estimating residual frequency offset and/or high-speed channel
· Possible method(s) to improve phase estimation performance from PT-RS
· E.g., using ZP/NZP PT-RS to reduce interference 
· Details of UE-specific configuration, e.g., associated with the scheduled MCS and/or BW, the number of scheduled layers, or use dedicated signaling
· Others are not precluded
· FFS whether new RS is introduced or extended DMRS is used for phase tracking
[bookmark: OLE_LINK1]Meanwhile, variable DMRS pattern has been supported in NR as following [1]
Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern
In order to speed up progress of DMRS design, companies provided their DMRS patterns and views on DMRS simulation assumption by email discussion [87-28] and [87-29] respectively [2], where phase noise impact is considered in 30 GHz centre frequency.
In this contribution, we provide our views and simulation results to use extended DMRS for phase tracking, and more details of DMRS patterns can be founded in our companion’s contribution [3].
Discussion
RS for phase tracking 
Since variable DMRS pattern has been supported in NR, different DMRS patterns can meet different requirements. In our DMRS design [3], we proposed multi-set DMRS for different scenarios, where basic DMRS set is for traditional data demodulation, and additional DMRS set can be used for phase tracking, high Doppler shift compensation and frequency offset estimation. No matter high frequency bands or low frequency bands, this unified DMRS frame structure can be used for different purposes. 
As shown in Figure 1, different density of the additional DMRS set marked by green colour can be configured for different requirements. If the additional DMRS set is to compensate phase noise impact in high frequency domain, the density in time domain should not be too small as shown in Figure 1b.  In this case, the number of the additional DMRS set ports can be smaller than that of the basic DMRS set which is marked by red colour, and it may depend on specific scenarios, e.g. the number of oscillators in gNB antenna array.
However, if the additional DMRS set is to compensate high Doppler shift, the density in time domain depends on UE’s speed. And the density in frequency domain depends on some conditions, like delay spread, the number of mu-users, like pattern 1c. In this case, it is better that the number of the additional DMRS set ports is same as the basic DMRS set, where both the basic DMRS set and the additional DMRS set are used for channel estimation jointly, e.g. using 2D MMSE channel estimation. In other words, the additional DMRS set is the straightforward extension of the basic DMRS set.
Therefore, it is unnecessary to define a new RS only for phase tracking.
Proposal 1: Use additional DMRS set for phase tracking. 
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Figure 1 Patterns of multi-set DMRS
Furthermore, even only for phase tracking, close connection between the two sets of DMRS exists, such as precoder, pattern, port number, orthogonal sequence as described in following sections. Then, we propose to jointly design the traditional set DMRS and the additional DMRS set for phase tracking.  
Proposal 2: The additional DMRS set and the basic DMRS set should be design jointly. 
Precoder 
As we know, the number of RS ports for phase tracking may depend on whether multiple antenna panels share one oscillator. For single point transmission, if all panels share one oscillator, only one port for phase tracking RS is enough for all ports of the basic DMRS set. However, if some panels do not share one oscillator, multiple ports of the additional DMRS set for phase tracking are needed, and the port mapping between the basic DMRS set and the additional  set DMRS should be cleared for both gNB side and UE side. 
When the additional DMRS set is to mainly track phase difference between two adjacent symbols, it should be set in every symbol in time domain as described in Figure 2 if phase noise impact is much. In order to reduce RS overhead, some REs can be shared for the basic DMRS set and the additional DMRS set which are marked by black color in Figure 2. In other words, the RS in black REs can be both for the basic DMRS set and the additional DMRS set.  Then UE can estimate phase error based on adjacent REs in time domain including OFDM symbol of the basic DMRS set. In this case, it is better to use same precoder for these two sets of DMRS if the number of ports is same for them.
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Figure 2 DMRS patterns for phase tracking
For the case with one additional DMRS set port mapping on multiple ports of basic DMRS set, the precoder of one port of basic DMRS set can be used for corresponding port of the additional DMRS set.  
As shown in the left pattern in Figure 2, where one UE, e.g. UE#0 is scheduled with 2 layers( e.g. port#0 and port#1)by OCC2, i.e. CDM2 is used in two adjacent REs in frequency domain for the basic DMRS set. When these 2 layers share one additional DMRS set port, the precoder of this additional DMRS set port should be same as the precoder of port#0 or port#1. In this example, if another UE#1 also with 2 layers (e.g. port#2 and port #3) is co-scheduled with UE#0, where UE#0 and UE#1 are used different nSCID , then the additional DMRS set of UE#0 can use the same precoder as port#0, and with OCC sequence [1 1]. The additional DMRS set of UE#1 can use the same precoder as port#2 and with OCC sequence [1 -1]. Although the basic DMRS set of these two UEs are pseudo-orthogonal, the additional DMRS set can be orthogonal. In this case, the additional DMRS set can be thought as an extension of some ports of the basic DMRS set.  
Proposal 3: The precoder of the additional DMRS set should be same as some of the basic DMRS set ports. 
Signaling
According to current 3GPP discussion, flexibility of DMRS design seems one main motivation. However, control signalling overhead may be a bottle neck for standard implementation. As aforementioned analysis for the basic and additional DMRS set, there are many relations between those two sets of DMRS as following
· Antenna ports
Considering one port of the additional DMRS set may correspond to one or more ports of the basic sett DMRS, the number of the basic DMRS set ports may be integer times of 2 of the additional DMRS ports. Then the number of ports of these two sets of DMRS can be jointly informed.
· The relationship of patterns
Since antenna ports of the additional DMRS set is usually not more than that of the basic DMRS set, possible patterns of the additional DMRS set may depend on the patterns of the basic DMRS set. As shown in Figure 3, if the basic DMRS set pattern supports up to 2 layers, then the layers of the additional DMRS set will be 1 or 2, pattern 3a and pattern 3b can be considered as candidates for the additional DMRS set patterns. Pattern 3b can reduce RS overhead and be more suitable for one port of the additional DMRS set with SU scheduling. But pattern 3a can support up to 2 orthogonal layers.
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(3a)                                                    (3b)
Figure 3 DMRS patterns for phase tracking
If the basic DMRS set pattern supports up to 4 layers by CDM4 in adjacent 4 REs in frequency domain, possible patterns of the additional DMRS set may have several candidates as shown in Figure 4.  From pattern 4a to 4c, less ports of the additional DMRS set are supported. The configuration of pattern depends on the different scenarios, such as the number of mu-users, transmission scheme (single point transmission or JT), antenna ports of basic DMRS set per user and so on.
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(4a)                                         (4b)                                         (4c)                                    
Figure 4 DMRS patterns for phase tracking
As shown in Figure 5, assuming 4 ports, e.g. port M0, M1, M2, M3 are configured for the basic DMRS set in pattern 4a, 4b and 4c. Then 4 ports, e.g. port N0, N1, N2, N3 can be configured for the additional DMRS set for pattern 4a, 2 ports e.g. port N0, N1 can be configured for the additional DMRS set for pattern 4b, and 1 port e.g. port N0 can be configured for the additional DMRS set for pattern 4c. Therefore, for pattern 4a, one to one mapping can be configured; for pattern 4b, two basic DMRS set ports correspond to one additional DMRS set port; for pattern 4c, all ports of the basic DMRS set correspond to one additional DMRS set port. For one additional DMRS set port corresponding to multiple ports of the basic DMRS set, the phase error estimation based on single additional DMRS set port can be used for those multiple basic DMRS set ports.



                                          
Figure 5 Port mapping between two set DMRS
· Orthogonal sequence
gNB can use the relationship between those two sets of DMRS to jointly inform UE the orthogonal sequence. Taking pattern 4a as an example, the same OCC sequence can be used for both two sets of DMRS if the number of ports is same. If the ports of the additional DMRS set are less than that of the basic DMRS set e.g. in pattern 4b, the OCC sequence of the basic DMRS set port can be the sub-sequence of the basic DMRS set port. E.g. for one UE with rank1, the basic DMRS set with OCC sequence [1 -1 1 -1] which corresponds to one additional DMRS set port with OCC sequence [1 -1], where [1 -1] is a sub sequence of [1 -1 1 -1]. Then, there is no need to introduce extra signalling to inform parameters of the additional DMRS set.
Considering above relationship between those two sets of DMRS and to reduce control signalling overhead, we propose 
Proposal4: For basic DMRS set and the additional DMRS set for phase tracking, Joint design of signalling should be supported including DMRS pattern, orthogonal sequence and port mapping, precoding. 
Resource mapping 
Actually, like the basic DMRS set, phase tracking by additional DMRS set is for demodulation as well, and then it is not necessary to be configured when there is no data transmission. Therefore, we propose  
Proposal 5: The additional DMRS set for phase tracking should be transmitted within scheduling unit. 
For phase noise compensation, DMRS density in frequency domain is usually small. In other words, one of several PRBs for RS transmission is 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 the additional DMRS set transmission for all UEs. 
As shown in Figure 6, assuming one sub-band has 4 PRBs, and then the predefined PRB for the possibly additional DMRS set resource is the first PRB within sub-band which is marked by green colour. After getting recourse allocation information from gNB, UE can infer PRB number of the additional DMRS set based on sub-band number.  Based on this scheme, co-scheduling users can be multiplexed on same REs, and it avoids unnecessary puncturing for MU-scheduling. Since UEs with different resource allocations may need different RS density in frequency domain, even for the MU-users. Then above DMRS for phase noise tracking can be zero power.
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Figure 6 Predefined resources for the additional DMRS set
Proposal 6: Predefined one PRB in sub-band can be considered for phase tracking RS.
To verify the frequency granularity, based on the pattern in Figure 4b, we did some simulation as shown in Figure 7 where case 1 has no RS for phase noise compensation, case 2 is configured with additional DMRS set in each 2 PRBs, case 3 is configured with additional DMRS set in each 4 PRBs and case 4 is configured with additional DMRS set in each 8 PRBs. From simulation results, we can see only one PRB with additional DMRS set for phase tracking may be not enough. Then too large frequency granularity of RS for phase tracking should be avoided.
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Figure 7 Performance comparisons for phase noise compensation
Proposal 7: RS for phase tracking should not be too sparse in frequency domain.
Furthermore, to verify the RS density in time domain, we did some simulation based on patterns in Figure 8, where the additional DMRS set is configured in each 2 PRBs. 
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Figure 8 RS density in time domain
Based on patterns in Figure 8, some simulation results are shown in Figure 9. We can see there is a good phase noise compensation even the additional RS is not full density in time domain. 
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Figure 9 Performance comparisons for phase noise compensation
In this case, different ports of additional DMRS set can be multiplexed by TDM like Figure 10. Then only one sub-carrier can support 2 ports of the additional DMRS set for phase tracking.
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Figure 10 Multiple ports is TDM
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 8: TDM for multiple ports of RS for phase tracking can be considered.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Certainly, to further reduce RS overhead for phase tracking, non-orthogonal design can be considered between different RS ports for phase tracking, even multiple ports of basic DMRS set are orthogonal. Since the same precoder may be used for the basic DMRS set and the additional DMRS set, interference of the additional DMRS set can be estimated based on the basic DMRS set, especially when advanced receiver is used. Then, pseudo-orthogonality by different nSCID, or non-orthogonal ports for the additional DMRS set can be considered.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of RS for phase tracking, and then we provided our views as following
Proposal 1: Use additional DMRS set for phase tracking. 
Proposal 2: The additional DMRS set and the basic DMRS set should be design jointly.
Proposal 3: The precoder of the additional DMRS set should be same as some of the basic DMRS set ports.
Proposal4: For basic DMRS set and the additional DMRS set for phase tracking, Joint design of signaling should be supported including DMRS pattern, orthogonal sequence and port mapping, precoding.
Proposal 5: The additional DMRS for phase tracking should be transmitted within scheduling unit.
Proposal 6: Predefined one PRB in sub-band can be considered for phase tracking RS.
Proposal 7: RS for phase tracking should not be too sparse in frequency domain.
Proposal 8: TDM for multiple ports of RS for phase tracking can be considered.
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Appendix
Table 1. Evaluation assumptions for DMRS for data channel (30 GHz)
	Assumptions
	Value

	Carrier frequency
	30 GHz

	Duplex
	FDD

	Subcarrier spacing
	· 60kHz 

	Number of TXRUs
	· TRP = 2
· UE = 2

	Transmission rank for data channel
	· Rank1

	SU/MU
	· SU

	Transmission Scheme
	· Close loop

	CSI feedback / Beam management scheme
	· Idea CSI feedback, i.e. eigenvector of SVD of channel
· 4 slots delay 
· Beam selection 1 in phase 1 calibration

	CW to layer mapping
	· LTE CW to layer mapping (baseline)

	Data Allocation
	· 8 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	· 4RBs

	Modulation order, Coding rate
	· 64QAM (5/6)

	Channel coding scheme
	· LTE turbo coding (baseline) 

	Link adaptation / HARQ
	· No link adaptation and no HARQ

	Channel estimation
	· LS

	Performance Metric
	· Spectral efficiency

	Phase noise and frequency offset model (Optional)
	· Evaluate with and without phase tracking with the model in table 1 in R1-1611012

	UE speed
	· 3 km/h 

	Channel model
	· CDL-A for 30GHz
· Possible DS values =30 ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900

	TRP antenna configuration
	· In case of single panel:
(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)

	UE antenna configuration
	· In case of single panel:
(M, N, P, Mg, Ng) = (2,4,2,1,1) ; (dV,dH) = (0.5, 0.5)λ, with directional antenna element (HPBW=900, directivity 5dB)
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