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Introduction
[bookmark: _Ref494215420][bookmark: _GoBack]This contribution discusses remaining details on TRS design, such as aperiodic TRS and joint use of TRS and SSB. It is a revision of R1-1804232.

Aperiodic TRS
Use cases:
There are some uses cases for aperiodic TRS in both periodic event and aperiodic event [1].
Periodic event mainly includes CDRX-ON and IDRX-ON. It was agreed it is up to BS implementation to enable UE to jointly use SSB and periodic TRS before DRX-ON [2]. 
	Conclusion:
Periodic SS burst and periodic TRS burst can be arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON
No further specification impact may be necessary



However, because the DRX-ON or paging duration are not aligned among UEs [3], aperiodic TRS may be useful. 
Aperiodic event mainly includes SCell activation, BWP switching and multi-beam change. As mentioned in [1], aperiodic TRS can reduce the delay between start of “switching” and start of data traffic. 
Overhead issue of overhead of periodic TRS:
It was reported in [4] that there is an issue of huge overhead in FR2 due to the having only periodic TRS. So, use of aperiodic TRS can alleviate this problem.
Therefore, we propose to:
Proposal 1: Support aperiodic TRS in Rel-15 NR.

It was proposed in [5] to support UL DCI triggering for aperiodic TRS, which can reuse signaling for aperiodic CSI-RS. 
Furthermore, aperiodic CSI-RS is used for aperiodic “measurement”, and fine time/frequency tracking by aperiodic TRS could be the prerequisite of aperiodic measurement. So, aperiodic CSI-RS and aperiodic TRS may have a common point. 
Moreover, it is a concern from UE perspective that if aperiodic TRS is supported, BS may overly rely on aperiodic and reduce periodic TRS, which may potentially cause UE performance degradation more or less. It is general view the performance degradation due to BS scheduling is only up to BS implementation, however, it should be considered in standardization that BS should be aware of the degradation as soon as possible. More specifically, in use cases of aperiodic TRS, BS should know the channel state immediately after UE entering DRX-ON or switching to new SCell/BWP/beam. Therefore, it is better to connect aperiodic TRS to CQI reporting.
As a conclusion, we support UL DCI triggering for aperiodic TRS, and propose that connection between triggering aperiodic TRS and CQI reporting should be considered for different use cases.
Proposal 2: UL DCI triggering for aperiodic TRS should be supported, and connection between triggering aperiodic TRS and CQI reporting should be considered in different use cases.

Joint use of TRS and SSB
Joint use of TRS and SSB was described in [5] and discussed in RAN1#92 meeting [6]. Some companies support the joint use, but some other companies have concern on feasibility and standard impact [4].
	2.15 Joint use of TRS and SSB
Nokia(2563) mentions that it is beneficial to include higher layer configured parameter ‘TRS-INFO-SSB’  CSI-RS resource configuration to enable joint use of CSI-RS and synchronization signal block (SSB) resources.

Ericsson(2757) instead proposes that the Joint use of TRS and SS-block for fine frequency and time tracking is not supported.

The proposals are,

	· To enable support for the joint use of different CSI-RS resource configurations and SSB resources, new RRC parameter, i.e. TRS-INFO-SSB, is proposed to be included as a part of CSI-RS resource set (Nokia)
· Joint use of TRS and SS-block for fine frequency and time tracking is not supported (E///)






“Tight” joint use of TRS and SSB
In [5], joint use of TRS and SSB or fine time/frequency tracking has benefit of efficient use of system resources. General speaking, in case of joint use of TRS and SSB, single-slot TRS may be sufficient, and TRS overhead is reduced.
In [5], joint use of TRS and SSB could be a “new” RS pattern with combination of PBCH DMRS and single-slot TRS, which can be found in the following wording.
	From channel estimation perspective above 6GHz at UE-side, the joint use of SSB resources (i.e. two separate DMRS resources associated with PBCH resources in two different symbols) and single-slot CSI-RS resources for time-frequency tracking can be seen as a slightly different RS pattern with respect to the agreement (X=1, N=2, Sf=4, St=4).


It can be regarded as a “tight” joint use, in which the estimation values of SSB and TRS should be “filtered” to form a new value. In our view, the “tight” joint use heavily relies on patterns of SSB and TRS, which may cause potential large standardization effort.

“Loose” joint use of TRS and SSB
In our view, there could be a “loose” joint use, in which SSB is used as resolvable range “keeper” and TRS is used as accuracy “provider”. For instance, if frequency error estimated by TRS is within the resolvable range of frequency error estimated by SSB, frequency error estimated by TRS can be kept, otherwise frequency error estimated by TRS will be thrown. It could be common understanding in the previous discussion.

The resolvable range of frequency error estimation:
The resolvable range depends on symbol spacing. The following table shows the resolvable range under different SCS and symbols spacing [7].
	
	
	SCS=15KHz
	SCS=30KHz
	SCS=60KHz
	SCS=120KHz

	St=2
	+-3.5KHz
	+-7KHz
	+-14KHz
	+-28KHz

	St=3
	+-2.3KHz
	+-4.6KHz
	+-9.2KHz
	+-18.4KHz

	St=4
	+-1.75KHz
	+-3.5KHz
	+-7KHz
	+-14KHz

	St=5
	+-1.4KHz
	+-2.8KHz
	+-5.6KHz
	+-11.2KHz

	St=7
	+-1KHz
	+-2KHz
	+-4KHz
	+-8KHz

	St=14
	+-500Hz
	+-1KHz
	+-2KHz
	+-4KHz


Table 1, Resolvable range for different symbol spacing (R1-1719581)



It is common understanding that the decreasing ordering of the resolvable range is: SS > PBCH-DMRS > TRS, where St = 2 for PBCH-DMRS, and St = 4 for TRS.

The accuracy of frequency error estimation:
The accuracy is strongly related to the BW/density of RS and symbol spacing [8].
	Based on this architecture, the raw estimate accuracy of the frequency offset is strongly related to the number of paired RS for delay correlation, and the two-TRS-symbol spacing St for the delay correlation. Note that the raw estimate accuracy also represents the one-shot accuracy.


It is common understanding that the decreasing ordering of accuracy is: TRS > PBCH-DMRS > SS.

The resolvable range management:
In general, UE may manage the resolvable range for frequency error estimation to avoid frequency drift exceeding the resolvable range of RS. 
For instance, while entering DRX-ON with DRX cycle time 2560ms, UE may choose PBCH-DMRS to estimate frequency error, because the max frequency drift is within the resolvable range of PBCH-DMRS. 
It could be common understanding, since it is the background of discussion on TRS and SSB transmission before DRX-ON [2].
The frequency drift for different DRX cycle lengths for 5GHz carrier frequency is listed as follows [9]:
	In Table 3 we give the frequency and time drift for different DRX cycle lengths for 5GHz carrier frequency and 15kHz subcarrier spacing. Note that this is a tough combination with a small subcarrier spacing in relation to the carrier frequency.
[bookmark: _Ref494729790]Table 3 Frequency and time drift during different DRX cycle lengths assuming a max frequency drift of 0.16ppm/s for 5GHz carrier frequency and 15kHz subcarrier spacing.
	DRX cycle time
[ms]
	Max Frequency drift
[Hz]
	Max Frequency drift
[% of SCS]
	Max Time drift
[s]
	Max Time drift
[% of CP]

	2560
	2048
	14%
	5.24E-07
	11%

	1000
	800
	5%
	8.00E-08
	2%

	500
	400
	3%
	2.00E-08
	0.4%

	100
	80
	0.5%
	8.00E-10
	0.02%

	10
	8
	0.05%
	8.00E-12
	0.0002%






Simulation results
Simulations are conducted for purpose of:
· studying performance of aperiodic TRS, or equivalently “one-shot” TRS [8], and
· studying the necessity of the resolvable range management in the “loose” joint use of TRS and SSB.
Simulation assumptions can be found in Appendix. 

Aperiodic TRS
The simulation results for aperiodic TRS are shown as follows:
[image: ][image: ]
a) Initial frequency error = 200Hz                      b) Initial frequency error = 2000Hz
Figure 1: CDF of the estimated frequency error for the aperiodic TRS in EPA5 channel.
[image: ][image: ]
a) Initial frequency error = 200Hz                       b) Initial frequency error = 2000Hz
Figure 2: CDF of the estimated frequency error for the aperiodic TRS in EVA70 channel.
[image: ][image: ]
a) Initial frequency error = 200Hz                     b) Initial frequency error = 2000Hz
Figure 3: CDF of the estimated frequency error for the aperiodic TRS in ETU300 channel.
With the initial frequency error of 200Hz, it can be observed that the estimated frequency error based on single-slot TRS (X=1, N=2) is distributed around the initial frequency error with a smaller deviation, while the estimated frequency error based on SSB is distributed around the initial frequency error with a larger deviation. 
Observation 1-1: For frequency error estimation and one-shot TRS/SSB, performance of single-slot TRS is better than that of SSB in EPA5, EVA70 and ETU300 channels.
It can also be observed that the curve of the single-slot TRS (X=1, N=2) is very close to the curve of the two-slot TRS (X=2, N=2+2), which means that the performance of the one-shot single-slot TRS is similar to that of the one-shot two-slot TRS.
Observation 1-2: For frequency error estimation and one-shot TRS, performance of single-slot is similar to that of two-slot TRS in EPA5, EVA70 and ETU300 channels.

With the initial frequency error of 2000Hz, it can be observed that frequency error estimation based on TRS is not correct any more, because it exceeds the resolvable range of TRS.
Observation 2: The resolvable range management is necessary, otherwise the frequency error estimation is wrong.

Periodic TRS
The simulation results for periodic TRS are shown as follows:
[image: ][image: ]
a) Initial frequency error = 200Hz                     b) Initial frequency error = 2000Hz
Figure 4: CDF of the estimated frequency error for the periodic TRS in EPA5 channel.
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a) Initial frequency error = 200Hz                      b) Initial frequency error = 2000Hz
Figure 5: CDF of the estimated frequency error for the periodic TRS in EVA70 channel.
[image: ][image: ]
a) Initial frequency error = 200Hz                    b) Initial frequency error = 2000Hz
Figure 6: CDF of the estimated frequency error for the periodic TRS in ETU300 channel.
It can be observed that periodic TRS outperforms aperiodic TRS (shown in Section 3.3.1) in EPA5, EVA70 and ETU300 channels.
Observation 3: For frequency error estimation, periodic TRS outperforms aperiodic TRS (shown in Section 3.3.1) in EPA5, EVA70 and ETU300 channels.

Summary
From the observation 1-2, the “tight” joint use of TRS and SSB may have marginal gain in term of accuracy of one-shot frequency error estimation. So, the “tight” joint use of TRS and SSB should be further justified.
Therefore, we propose that:
Proposal 3: The “tight” joint use of TRS and SSB should be further justified.

Conclusion
In the contribution, we discuss aperiodic TRS and joint use of TRS and SSB, and have the following proposals.
Proposal 1: Support aperiodic TRS in Rel-15 NR.
Proposal 2: UL DCI triggering for aperiodic TRS should be supported, and connection between triggering aperiodic TRS and CQI reporting should be considered in different use cases.
Proposal 3: The “tight” joint use of TRS and SSB should be further justified.
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Appendix-Simulation assumptions
	Channel type
	EPA5, EVA70, ETU300

	SNR
	2 dB

	Subcarrier spacing of SSB/TRS
	15kHz

	TRS pattern
	X = 1, N = 2; X = 2, N = 2+2

	TRS bandwidth
	50 RBs

	TRS time spacing
	4 OFDM symbols

	TRS frequency spacing 
	4 REs

	SSB bandwidth
	20 RBs

	Simulated samples
	2000 

	Periodicity of periodic TRS
	20ms
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